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1. Introduction

The baseline structure of L1/L2 Control Signalling was agreed and captured in the TR25.814, which has been approved at TSG-RAN#32 in Warsaw. However, details of signalling structure such as length of each information element should be considered further in the WI phase.

 Length of UE Identity would have a significant impact on the overhead of the Downlink Scheduling Information. Although a current assumption is to use a Cell specific Identity (i.e., C-RNTI) with a length of 16 bits as in UMTS, we recognize that the cost of C-RNTI is still too high, and that a new mechanism is necessary for a shorter E-UTRA UE Identity in control signalling, in particular as applicable to Downlink Scheduling Information. To allow this shorter length of the UE Identity a grouping of Resource Blocks is introduced, which narrows down the scope of the UE Identity uniqueness. 
In this contribution, we investigate methods for reducing the information amount of the UE Identity, considering the relationship with RB scheduling. Then, we propose a new UE Identity (RGSI: Resource-Block Group Specific UE Identity) which consumes only 4-5 bits. In the proposal, Resource Blocks are grouped and UEs are allocated to one or several RB groups, where the UE Identity can be specific within the RB group. An impact of the proposed RGSI on RB scheduling is also discussed in this contribution.

2. Grouping of UEs
According to the TR25.814 [1], there are 960 RBs in one frame of 20 MHz operating bandwidth, to which 200-400 UEs will be allocated. Considering that the Downlink Scheduling Information should indicate the assignment of all RBs to those UEs, it requires a huge overhead [3]. Focus should be given for reduction of UE Identity bits, since its impact on the information amount is significant.
Figure 1 and Figure 2 show scheduling strategies and examples of Methods for resource allocation to UEs, respectively. Method 1 indicates a simple case of RB allocation without grouping, where each RB can be assigned to any UE. The assigned UE has to be identified from among all UEs located to the radio frame, i.e. within the cell. In other words, the UE Identity is cell specific and C-RNTI may be a candidate for UE Identity for Method 1.

Method 2 shows the case of UE grouping based RB allocation, in which an RB allocation to one of a group of UEs is first informed. Subsequent information follows to indicate which UE within the group is assigned to the particular RB. In this Method 2, the UE Identity can be shorter than C-RNTI, since the UE Identity needs only to be unique within the group (i.e. Group Specific Identity). However, a UE Group Identity also needs to be specified and transmitted as part of the downlink scheduling information indicating the assignment between the RB and the UE Group.
Method 2 can reduce the number of UE Identity bits required, since the UE Identity can be specific within a relatively small number of UEs belonging to the group, while for Method 1 the UE Identity must be unique among all the UEs in the cell. However, considering a need of UE Group Identity present as downlink scheduling information in Method 2, the UE grouping in Method 2 is just a hierarchical decomposition of the UE Identity and may not realize a reduction of UE Identity information in the total downlink scheduling information.

Thus neither Method 1 nor 2 is completely satisfactory, and a new Method 3 is proposed below.
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Figure 1 : UE Addressing Methods
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Figure 2 : Resource Allocation
3. Proposed Method for Grouping
3.1. Grouping of RBs
Method 3 in Figure 1 and Figure 2 explains the proposed mechanism for RB and UE grouping. Different from Method 2 described above, RBs are primarily grouped. Then, UEs assigned to RB within the particular RB group are considered to form a group. This results in grouping of UEs which are allocated to a particular RB group. 

In the proposed Method 3, we consider that the following condition should apply.

(1)  Grouping of RBs in sub-frame or frame is mutually exclusive.
(Cumulative exhaustiveness of RB grouping is FFS.)

(2)  UEs assigned to an RB group are defined statically or semi-statically.
To enable flexible scheduling and matching resources to UEs requirements for high data rate service class, etc., assigning one UE to multiple RB groups is not precluded.

3.2. Required Number of Identity bits for Proposed Method
In the proposed Method 3, a UE is identified by the RGSI (Resource-Block Group Specific UE Identity) which is shorter (e.g. 4-5 bits) than C-RNTI so that the RGSI can be unique among the UEs allocated to the RB group.

Since the concept of shorter UE Identity by grouping UEs is similar to Method 2, the discussion of UE Identity information amount in the section 2 above may also apply to the proposed Method 3. However, the difference in our proposal is that the frequent transmission of the UE Group Identity in the Downlink Scheduling Information is not required.

 The Downlink Scheduling Information per UE or per RB is logically or physically multiplexed for transmission. Then, we can easily assume that the logical or physical position of Downlink Scheduling Information for the RB group is known to a UE a priori. This can be realized by a pre-defined control signalling structure, or via system level information. Considering the conditions (1) and (2) in the section 3.1, this assumption is reasonable.

Now, the Downlink Scheduling Information needs to only contain RGSI as a UE Identity. Thus, a reduction of UE Identity length can be achieved (e.g., 4-5 bits compared to 16 bits, comparing RGSI with C-RNTI). It should be reminded that when UE is associated with multiple RB groups, the UE has RGSIs each of which is unique in the RB group.
The relation with physical mapping of Downlink Scheduling Information is further discussed below.

3.3. Physical Mapping of Downlink Scheduling Information
An example of physical mapping of Downlink Scheduling Information is shown in Figure 3. From the RAN1 perspective, it is straight-forward to locate Downlink Scheduling Information physically close enough to the allocated RB. Since the proposed method is based on the RB grouping, pre-definition of the physical position of Downlink Scheduling Information for the RB group can be well-aligned with the concept. UE refers to Downlink Scheduling Information for the RB group assigned to it, which is located physically close position, and detect own RGSI in the RB group. In the Figure 3, RB#1 belonging to RB Group#1 and RB#4 belonging to RB Group#2 are assigned to UE#1 and the position of Downlink Scheduling Information for RB Group#1 and #2 is known to UE#1. UE#1 detects its RGSI (=0101) in RB Group#1 and RGSI (=1011) in RB Group#2 in respective Downlink Scheduling Information and recognizes the assigned RB#1 and RB#4.
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 Figure 3 : Example of Control Signalling for Resource Allocation

As far as discussion of coding scheme is concerned, the proposal is applicable to both of separate coding and joint coding case. Unless the concept of grouping of UEs and the mapping to the known position of the corresponding signalling are preserved, either of joint coding or separate coding can be adopted. The same discussion also applies to whether joint coding of cat.1 information only or cat.1 and cat.2/3 information.

Again, the uniqueness of the group specific ID based on RB grouping (RGSI) is the key feature of the proposal.
3.4. Control Signalling Structure and Procedure
This section summarises the proposed RGSI as a UE Identity in Downlink Scheduling Information and describes the procedure of assignment and detection of RGSI.

RGSI concept:

· RBs are grouped (by static or pre-defined way)

· Each UE is assigned to the group(s) of RBs

· Downlink Scheduling Information for the group of RBs is transmitted in the known position (logically or physically)

· UE looks up the Downlink Scheduling Information at the position for the group of RBs to which the UE is assigned
· UE detects the RGSI for its own in the group of RBs

Procedure (Figure 4)
· Grouping of RBs is done by the pre-defined way, or
signalled as a system level information

· A UE is allocated to group(s) of RBs during RRC connection establishment

· The Scheduler assigns RB(s) of the group(s) in a sub-frame to the UE

· The eNodeB signals the resource assignment to the UE by Downlink Scheduling Information for the RB group including RGSI and RB(s) assignment information
· The UE recognizes assigned RB(s) by referring the Downlink Scheduling Information including own RGSI
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Figure 4 : Example of procedure for finding the allocated RB.
4. Discussion on Relation between RB Grouping and Scheduling
The Method 1 described above provides a very flexible way of RB scheduling. The same scheduling flexibility as Method 1 can be achieved Method 2 because there is no restriction for allocation of RBs to UE groups and UEs.
On the other hand, since the proposed Method 3 is based on a grouping of RBs, its impact on a flexibility of scheduling needs to be considered. The static or semi-static allocation of a UE to the pre-determined RB groups would be interpreted that the RB outside the pre-determined RB groups can not be scheduled to the UE.

When introducing persistent scheduling, the UE will be assigned to some of the pre-determined RBs. Then, the proposed Method 3 can work quite effectively because RB scheduling pattern can be translated into the grouping of RBs and the scheduling pattern may not change so frequently. A particular case can be seen in proposals for grouping of VoIP users, where VoIP UEs are grouped and allocated to the RBs in a static way.
Figure 5 shows the example of RB grouping. We assume no particular restriction for RB grouping in terms of RGSI concept. As shown in the Figure, various types of grouping, by dynamic and static way, is possible such as time-frequency distributed, localized, one RB per RB group, same or different number of RBs for all groups, etc. The RB grouping thus rather depends on resource scheduling strategy for UEs.

Figure 6 shows examples of localized RB grouping and distributed RB grouping. Either of these examples is not precluded from the proposal, and no preference is given to each of them. When frequency distributed RBs are grouped, multi-user diversity in frequency domain for the RB group can be expected.

As explained above, a grouping of RBs is very flexible to satisfy a need of scheduling strategy to some extent. However, optimum channel-dependent scheduling may be difficult because RB scheduling for the UE could not be completely free. But, practically a reduction of UE measurement load and CQI feedback overhead, limit of resources, etc. should be taken into considerations in scheduler design. This might be resolved by introducing a grouping concept of RBs, which can be aligned with the RB grouping in this proposal. In addition, consideration of a trade-off relation between scheduling flexibility and UE Identity overhead would reach the solution provided in this proposal.
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Figure 5 : RB Grouping
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Figure 6 : Localized vs Distributed
5. Conclusion

This contribution has proposed new idea to replace UE grouping method in order to reduce the length of the UE Identity field in Downlink Scheduling Information.
The proposal is based on new approach that RBs are grouped. RGSI is introduced as UE Identity which is unique to one particular RB Group. A UE is given one RGSI for each RB Group to which UE is assigned. This RGSI is transmitted in the UE Identity field of Downlink Scheduling Information for the RB Group. The proposal enables to reduce the length of ID (UE Identity) field in cat.1 of Downlink Scheduling Information to 4-5 bits, where the proposed RGSI is transmitted.
The relation with physical mapping of Downlink Scheduling Information and impact on scheduling flexibility has also been discussed in this contribution. It has been shown that the proposed method will be effective in persistent scheduling, and may also be applicable to flexible scheduling case such as channel dependent scheduling by making an appropriate grouping of RBs (e.g. frequency distributed way).
This contribution mainly discussed a downlink aspect; however, the same concept would be also applicable to UL scheduling.
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