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Control Signaling for Group Scheduling
Wei Xia , Jerry Chow
ZTE Corporation
1 Introduction
Group scheduling is supported in current SDD. But there is no specific description on the group control information. To reduce the overhead of group message, a control signaling design for group scheduling is provided in this contribution.
2 Grouping mechanism
The method of grouping users is important for utilizing resource efficiently, and it determines the content of group message. Here, we provide two mechanisms of grouping:
1) Group users based on service class: assign users with same service class into a group. Users within a group may have same or different MCS. The MCS or MCS set of a group is configured by BS. Various MCS set can be supported for different groups. For example, supposed that there are 19 MCS supportable for GRA, and it takes 5 bits to indicate each MCS level. Also supposed that group A has 3 adjacent MCS(QPSK ½, QPSK 3/4, 16QAM ½), BS indicates the following MCS configuration information through group message:

· Adjacent MCS set flag = 1:  the MCS of group A is a adjacent set 

· The number of MCS levels within group A: 3

· The start MCS level for group A: QPSK 1/2
   MCS bitmap is used to indicate each user’s MCS and the bit size of MCS bitmap can be calculated according to the number of MCS set. To indicate each user’s MCS, the bit size is: ceil(log2(the number of MCS levels within group )). For group A, it takes 2 bits to indicate per user’s MCS:  “00” for QPSK ½ ; “01” for QPSK 3/4,; “11” for 16QAM ½ .
2) Group users based on MCS: assign users with same MCS into a group. Users within a group may have same or different service class. The MCS bitmap can be omitted and power control is needed for the fixed MCS.

3 The structure of group message
An example of group message structure is shown as the following table. To save the overhead of describing message’s type index, group message contains one or more groups’ initialization message and/or maintenance message. Group initialization message shown in red text in the table is used to indicate that a group is set up and configured. Group maintenance message shown in blue text in the table is used to indicate the management or change information of a group.
	Syntax
	Notes

	Group Message Index
	

	Num of initialization groups 
	

	Num of maintenance groups
	

	For each initialization group
	Group Initialization Message

	{ Group ID
	

	Group’s resource info
	The location and size of group’s resource

	 Group’s MCS info
	Indicates MCS or MCS set configuration info of the group 

	 MS Num
	

	   For each MS

{ 

Station ID

}
	MSs are added into MS Bitmap according to the order of  STID description

	MS Bitmap
	Indicates which MS is allocated resource

	MCS Bitmap
	Indicates each MS’s MCS, if there are more than one MCS within a group

	Primary resource bitmap
	Indicates each MS’s resource if the Secondary resource indication bitmap is disabled; Indicates part of MS’s resource if the Secondary resource indication bitmap is enabled.

	Secondary resource indication enable
	Set to 1 if there are many MS just using one resource unit

	Secondary resource Indication bitmap


	Bit “1”indicates the MS just using one resource unit. Bit “0”indicates the MS’s resource info is indicated by Primary resource bitmap.

	…
	

	}
	

	
	

	For each maintenance group
	Group Maintenance Message

	{ Group ID
	

	Group’s resource info
	The location and size of group’s resource

	MS Num Indicator
	Indicates whether the MS num is changed or not

	If ( MS Num Indicator ==1)
	

	{ MS bitmap Length} 
	

	New User Added Indicator
	Indicates whether there is new MS added into the group

	User Removed Indicator
	Indicates whether there is MS removed from the group

	If(New User Added Indicator ==1)
	

	{
	

	    Group’s MCS info
	

	    New User #
	

	    Start Index for Ordinal Entry
	The start index in MS Bitmap for ordinal entry of new user

	   For each new user
	

	{

Station ID

}
	

	}
	

	If(User Removed Indicator ==1)
	

	{  Removed User #
	

	For each user removed
	

	{

bitmap index of the removed MS

}
	

	}
	

	MS Bitmap
	Indicates which MS is allocated resource

	MCS Bitmap
	Indicates each MS’s MCS, if there are more than one MCS within a group

	Primary resource bitmap
	Indicates each MS’s resource if the Secondary resource indication bitmap is disabled; Indicates part of MS’s resource if the Secondary resource indication bitmap is enabled.

	Secondary resource indication enable
	Set to 1 if there are many MS just using one resource unit

	Secondary resource Indication bitmap


	Bit “1”indicates the MS just using one resource unit. Bit “0”indicates the MS’s resource info is indicated by Primary resource bitmap.

	…
	

	}
	

	}
	


MS Bitmap is used to indicate which MS is allocated resource. When a group is initialized, the Station ID of each user assigned into the group is described through Group Initialization Message. The indication of each user’s index in MS Bitmap can be omitted. The sequence of users in MS Bitmap is same as the sequence of STID described. For example: there are 6 MSs are assigned into one group when group is initialized. BS describes their STID orderly as: MS6, MS1, MS8, MS7, MS3, MS2. Then, the MS Bitmap is:
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Figure 1. MS Bitmap
· For MS6, its STID is firstly described, so its index in bitmap is 0.

· For MS8, its STID is thirdly described, so its index in bitmap is 2.

In current SDD, VoIP is an example of the subclass of services that use group messages. For VoIP users in active mode and users of some other services, it may take ~3bits to indicate per user’s resource size. SID packets are smaller than active speech packet. Therefore, for users in silent mode, 1 bit to indicate the resource size may be enough. 

Primary Resource Bitmap is used to indicate resource of normal users, or resource of users in silent mode  when: a) there is few silent users in group and it takes more bits to indicate the secondary resource indication bitmap; b) the resource size of the silent user is bigger than 1 RU.

Secondary Resource Indication Bitmap is used to indicate silent users whose resource size is just 1 RU. A 1-bit flag ‘Secondary Resource Indication Enable’ is needed to indicate whether secondary resource indication bitmap is enabled. The example of applying Secondary Resource Indication Bitmap is shown as the following example. It saves 3 bits compared with indicating all user’s resource size using Primary Resource Bitmap.
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Figure 2. Resource indication using secondary resource indication bitmap and primary resource bitmap

Group size and MS bitmap may be changed when users are added to or removed from group. The indication of BS and the operation of MS in different cases are stated in the following paragraphs.
Case Ⅰ. Only new users are added to group:

· BS indicates the numbers of new users added to the group and the start index for ordinal new users.
· BS described each new user’s STID orderly.
· No need to indicate all new users’ indexes in MS Bitmap. BS just indicates the index of the 1st new user, and the sequence of new users in MS Bitmap is same as the sequence of new STID described.
· New users are orderly added to the MS bitmap starting with the start index. 
For example, MS12, MS4, MS9 are added to the group. The start index refers to the 1st described user(MS12)’s index in MS Bitmap. MS4’s index is (start index +1), and MS9’s index is (start index +2). 
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Figure 3. Only new users are added to group
Case Ⅱ. Only users are removed from group:
· BS indicates the numbers of users removed from the group and the each removed user’s index in MS Bitmap.
· Other users whose index is bigger than the 1st removed user’s index needs to change their position in MS Bitmap in the way of ordinal filling.
For example, MS1 and MS3 are removed from the group. BS indicates their indexes orderly, MS8, MS7 and MS3 change their position according to the numbers of removed MS whose index is smaller than their own index.
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Figure 4. Only users are removed from group
Case Ⅲ. The # of removed users is equal to the # of new added users:
· BS indicates the numbers of users removed from the group and the each removed user’s index in MS Bitmap.
· BS indicates the numbers of new users added to the group and each new user’s STID orderly.
· No need to change other MSs’ position in the MS Bitmap.

· New added users substitute the indexes of the removed users orderly: the 1st new added user substitutes the index of the 1st removed user, the last new added user substitutes the index of the last removed user.
For example, MS1 and MS3 are removed from the group. BS indicates their indexes orderly. MS12 and MS4 are added to the group, BS indicates their STID orderly. The 1st described new user(MS12) substitutes the index of 1st described removed user(MS1), and The 2nd described new user(MS4) substitutes the index of 2nd described removed user(MS3).
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Figure 5. The # of removed users is equal to the # of new added users
Case Ⅳ. The # of removed users is larger than the # of new added users:
· BS indicates the numbers of users removed from the group and the each removed user’s index in MS Bitmap.
· BS indicates the numbers of new users added to the group and each new user’s STID orderly.

· Supposed that N users are removed and M users are added, the M new users substitutes the index of the M removed users orderly.
· Other MSs compare their index with the left (N-M) removed users’ indexes and change their position in MS Bitmap in the way of ordinal filling if their index is bigger than the left (N-M) removed users.

For example, MS1, MS8 and MS3 are removed while MS12 and MS4 are added. MS12 substitutes index of MS1, MS4 substitutes index of MS8. MS7 and MS2 compare their index with MS3’s index, MS2’s index is larger than MS3, so MS2’s new index is equal to its old index subtracted by 1.
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Figure 6. The # of removed users is larger than the # of new added users
Case Ⅴ. The # of removed users is smaller than the # of new added users:
· BS indicates the numbers of users removed from the group and the each removed user’s index in MS Bitmap.
· BS indicates the numbers of new users added to the group, and describes each new user’s STID orderly and indicates the start index for remainder ordinal new users.
· Supposed that N users are removed and M users are added, the N new users substitutes the index of the N removed users orderly. The remainder (M-N) new users are orderly added to the MS bitmap starting with the start index.

· No need to change other MSs’ position in the MS Bitmap.
For example, MS1 and MS3 are removed while MS12, MS4, MS9 and MS10 are added. MS12 substitutes index of MS1, MS4 substitutes index of MS3. The remainder new users MS9 and MS2 are added to MS Bitmap.
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Figure 7. The # of removed users is smaller than the # of new added users
4 Proposed Text 

Add the following text in Section 15.3.X.X.X.X User-specific control information:
-------------------------------------------------------Start of the text--------------------------------------- 
Note: Original SDD text is shown in black. New proposed text is shown in blue.
Group control information is used to allocate resources and/or configure resources to one or multiple mobile stations within a user group. Each group is associated with a set of resources. The group message contains bitmaps to signal resource assignment, MCS, resource size etc. VoIP is an example of the subclass of services that use group messages.

Users within a group may have same or different MCS. The MCS configuration information of a group is indicated by BS through group message. The MCS configuration information includes adjacent MCS
set flag, the number of MCS levels within the group and the start MCS level if the MCS of the group is a adjacent set. If the MCS of the group is discrete, each MCS level of the group needs to be indicated in group message.
The Group message contains Primary Resource Bitmap, and Secondary Resource Indication Bitmap if the flag ‘Secondary Resource Indication enable’ is set to 1. 
Group message contains one or more groups’ initialization message and/or maintenance message. Group initialization message is used to indicate that a group is set up. Group maintenance message is used to indicate the maintenance or change information of a group. The group maintenance message contains the following information: the numbers of users removed from the group, the numbers of new users added to the group, each removed user’s index in MS Bitmap and each new user’s Station ID. If the number of removed MS is smaller than the number of new added MS, the group maintenance message contains the start index for ordinal new users.
--------------------------------------------------------- Text End -------------------------------------------
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