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1. Introduction
In the e-mail discussion on downlink scheduling, various scheduling schemes and various formats of L1/L2 control signalling were proposed. In RAN1#47 it was agreed that each control channel is individually coded and carries information for one MAC ID as the working assumption on L1/L2 control signalling. This working assumption doesn’t exclude the use of the MAC ID for items in addition to the C-RNTI (e.g., Group ID). And in RAN2, the use of RACH-RNTI and PICH-RNTI was also agreed. This MAC ID is carried through CRC masked with a 16-bit MAC ID. This definition leads to the adoption of MAC ID to identify control signalling formats.

We propose that a mechanism to dynamically identify the Formats of L1/L2 control signalling options and various Group Formats within L1/L2 control signalling is needed. Therefore, we propose the use of a part of the 16-bit ID to identify the Format of L1/L2 control signalling and to identify the Group within each Format of L1/L2 control signalling. 
2. Format of L1/L2 Control Signalling and Group of UEs
2.1. Variety of Control Signalling Formats
In the e-mail discussion on downlink scheduling, several scheduling schemes (partial L3 configuration, persistent scheduling, semi-static scheduling as well as dynamic scheduling) were proposed. In addition, it was also proposed that each scheduling scheme has a different control signalling Format. Dynamic scheduling will be defined as the basic scheduling scheme, since dynamic scheduling doesn’t have any scheduling restriction. For the dynamic scheduling Format, the UE Identity is carried through the CRC masked with the 16-bit C-RNTI, and the control signalling payload includes the full flexible transmission attributes (payload size, modulation and coding scheme, resource assignment, HARQ information, etc). For partial L3 configuration, persistent scheduling and semi-static scheduling Formats, it was proposed that a part of transmission attributes is updated semi-statically according to traffic type and radio condition. Thus, the situation leads to different control signalling Formats for each scheduling scheme.
2.2. Groups within each Control Signalling Format
Some scheduling schemes assign the resource for the Group of UE’s that is identified by the CRC masked using a 16-bit Group ID as shown in Figure 1. The basic structure of having 16 bit CRC masked ID is common to both the control signalling with C-RNTI and with Group ID, although the internal structure of the payload part varies depending on scheduling schemes. Then, the Group ID’s identify two items - the control signalling Formats, and also the Groups within each control signalling Format. 
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Figure 1 : L1/L2 Control Signalling Structure

For the partial L3 configuration, persistent scheduling and semi-static scheduling Formats, various Groups are defined and identified by the Group ID’s to include the information for multiple UEs in the control signalling payload part, since a part of the transmission attributes are pre-configured by eNB and are not necessary to be transmitted (as compared to the dynamic scheduling Format). 
2.3. What is the Group ID?
In this section the Group ID within each control signalling Format is defined. The Groups within each control signalling Format are classified into three cases; the Group of UEs (GoU) and the Group of PRBs (GoRB) and the Association of GoU and GoRB (AoG).  
Figure 2 indicates an example for Group of UEs. GoU indicates the candidate UEs that can be controlled by the control signalling Format. Some companies proposed a grouping method for UEs with similar attributes. For example, UEs with traffic type as using the same payload size, UEs with radio condition as using the same MCS, are grouped together. 
Figure 3 indicates an example for Group of PRB’s. The GoRB indicates the region of resource blocks that can be allocated by the control signalling. The grouping of PRB’s is effective for the overhead reduction of control signalling, DRX control, and CQI measurement. PRB’s may be grouped per radio frame and per TTI. For example, if a GoRB includes 6 PRBs in a TTI with 25 PRBs, resource assignment information can be reduced from a 25 bit to a 6 bit Bitmap.
In addition, the introduction of an Association of GoU and GoRB as shown in Figure 4 would be effective for simplification of control procedures. Sets of PRB regions (GoRBs) that can be allocated by the control signalling and UE groups (GoUs) that can be controlled by the control signalling Format are specified by the specific Group ID.

Overcoming limitations caused by insufficient control signalling resources – If there aren’t enough resources to identify the required number of UE’s within a Group, the numbers of Group of UEs should be increased in the control signalling Format. If there aren’t enough resources to assign the required number of PRB’s, the numbers of Group of PRBs should be increased in the control signalling Format. 
In this document, the method to identify the UEs within the GoU is not discussed, as it’s discussed in the companion document [1].
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Figure 2 : Group of UEs
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Figure 3 : Group of PRBs
[image: image4.emf]AoG#3

UE#1

UE#2

UE#3

UE#4

AoG#1

PRB#1

PRB#2

PRB#3

PRB#4

UE#5

UE#6

UE#7

UE#8

PRB#5

PRB#6

PRB#7

PRB#8

AoG#2

PRB#9

PRB#10

PRB#11

PRB#12

UE#9

UE#10

UE#11

UE#12


Figure 4 : Association of GoRB and GoU
3. Identification of L1/L2 Control Signalling Format
We propose that the basic L1/L2 control signalling structure (as shown in Figure 1) should be shared among different control signalling Formats. We think that the various scheduling schemes and corresponding scheme Formats should be selectable according to traffic types and radio conditions. In other words, a few different control signalling Formats should be supported. In addition, these different control signalling Formats should share the common physical resource of control signalling, since the resource for control signalling is limited and costly. 
In this section, the proposed method to identify L1/L2 control signalling Formats associated with 16 bit Group ID is described.
3.1. Identification by using Format-RNTI

The Format of the control signalling payload which is configured by the RRC signalling is identified by this Group ID. Then, the mechanism should be introduced to distinguish whether 16 bit ID is a Group ID or a C-RNTI. Therefore, we propose that for one of the Format options, the full region of the 16-bit ID is used for identifying the Format of control signalling payload as shown in Figure 5 – this Format option is defined as “Format-RNTI”. In Format-RNTI, a part of the signal space of the total Format-RNTI space is allocated for C-RNTI in basic scheduling. In addition, for other Formats, as described above, various Groups within the control signalling Format are defined and identified by the Group ID’s.
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Figure 5 : “Format-RNTI” - Format Identification by the full 16-bits ID field
3.2. Identification by using Location of Control Signalling
As the above discussion shows, each control signalling Format has a number of Groups and each Group is required to be identified. Though one solution is a 16-bit IDs allocation for all Groups, another solution is a mapping between a control signalling Location and Groups within a control signalling Format, since the 16 bit signal space allocated for C-RNTI is limited. An illustration of this mapping scheme is shown in Figure 6. In this method, IDs in the part of the full 16 bit space are used to identify control signalling Format.
In the case that Group#1-Group#6 exist as control signalling Formats, the physical Locations of control signalling are grouped into 6 Groups, and one physical Location of control signalling is used for identifying the Group within one control signalling Format. Thus, the same 16-bit ID can be re-used within a 16-bit ID field in a different control signalling Location. This structure will restrict the number of Groups available at the same time, but the UEs belonging to a Group and UE-specified available PRBs need to monitor only the specified control signalling Groups by monitoring only the specified Location. 
The mapping between control signalling Locations and Groups within control signalling Formats would be effective for a simplification of the control procedure. 
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Figure 6 : Format Identification by Control Signalling Location
4. Conclusion
In this document we have proposed a method for identification of different control signalling Formats. The following is a summary of our proposals - 
· A number of Formats for control signalling payload should be supported

· The Physical resource for control signalling should be shared by all control signalling Formats
· Groups within each control signalling Format should be identified by 16 bit CRC masked similar to C-RNTI.

· Each control signalling Format should be identified by the CRC masked with the 16 bit MAC ID, where C-RNTI and Group ID share the same 16 bit signal space.

· Some control signalling Format may need to identity Groups of UEs and/or Groups of PRBs and/or Associations of these Groups
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