3GPP TSG-RAN WG2#56-bis                                    R2-070258
Sorrento, Italy, 15 – 19 January, 2007
Source: 

Sharp
Title:
Shorter UE ID for Downlink Scheduling Information
Agenda Item:

5.2.3
Document for:
Discussion and Decision
1. Introduction
At the last RAN1#46 and RAN2#54 meetings in Tallinn, we proposed the Shorter UE ID, called RGSI, for the use of Downlink Scheduling information. It is assumed in the LTE system that resource assignment information is provided on a per sub-frame basis via L1/L2 Control Signalling, where a UE ID is present and transmitted. Such frequent transmission of C-RNTI (e.g. 16bit) as the UE Identity in L1/L2 Control Signalling would have the most significant impact on signalling overhead and efficient radio resource usage. In this regard, RAN1#46 recognized the need to further investigate an introduction of a Shorter UE ID for L1/L2 Control Signalling, in particular for Downlink Scheduling Information.

When we proposed RGSI in RAN1#46, several concerns were expressed during the discussion. This document responds to those concerns and discusses the need and effectiveness of introducing Shorter UE ID, and provides examples of resource block scheduling and the corresponding RGSI usage. Observing these examples, we find that the proposed RGSI concept, which is based on PRB Grouping (a grouping of Physical Resource Blocks (PRBs)), can provide enough scheduling flexibility. And we again propose that RGSI be adopted as the UE ID in L1/L2 Control Signalling, at least for Downlink Scheduling.

2. Necessity and Effectiveness of Shorter UE ID
2.1. Shorter UE ID and the Number of Scheduling UEs
When a 16-bit C-RNTI is signalled for resource assignment information, the restriction of physical resources assignable to the control signalling may make the number of UEs, supportable for scheduling in a sub-frame, very small. If only a few UEs are to be scheduled in a sub-frame, a 16 bit C-RNTI can be applied as the UE ID for control signalling that preserves the freedom of scheduling in time-frequency domain to the maximum extent. On the other hand, assuming that many UEs (for VoIP, etc) require a small amount of traffic, many (a large enough number) of those UEs have to be scheduled in one sub-frame. Then, the control signalling capacity in one sub-frame to be able to inform UEs seems to be too low, for the required number of scheduled UEs. Persistent scheduling may provide a solution for those UEs with small traffic requests, and the implications of this are discussed further in the following section. Summarizing the above discussion, the use of a 16 bit C-RNTI as the UE ID may result in an inability to meet the scheduling requirement due to the lack of necessary resources allocated to control signalling.

According to the proposed RGSI scheme as a Shorter UE ID, it can be assumed that the number of UEs allocated to a PRB Group will be limited. For example, a 4 bit RGSI enables allocation of 16 UEs to a PRB Group. Considering a limited number of UEs such as 16 UEs which can share PRBs within a PRB Group, this might lead to a limitation of scheduling flexibility. However, the shorter the length of RGSI is, the smaller the number of PRBs in a PRB Group can be. This example includes 6 PRBs in a PRB Group corresponding to 1.25 MHz bandwidth where the 6 PRBs’ scheduling information with 4 bit RGSI for each PRB can be transmitted, or a 4 bit RGSI can be indicated per PRB. These aspects of shorter UE ID will introduce flexibility for resource block scheduling.

2.2. Persistent Scheduling and Dynamic Scheduling
A point was raised that persistent scheduling and dynamic scheduling are considered to be applied and may coexist in a sub-frame. 
However, UEs scheduled in a sub-frame change dynamically anyway in either case, as explained here - Considering a temporal variation of traffic volume from the UE even in persistent scheduling, allocation of unused resources to UEs by dynamic scheduling should be taken into consideration for an efficient resource usage. In addition, it should also be considered that UEs having different traffic patterns are gathered together for persistent scheduling, that may result in a statistical multiplexing gain.

Based on the above discussion, we believe that the signalling scheme for scheduling information should be unified for both persistent scheduling and dynamic scheduling. Hence, the discussion of a need for Shorter UE ID still applies regardless of the scheduling scheme, persistent or dynamic.

2.3. Reduction of Total Amount of Scheduling Information
Cat.1 of Downlink Scheduling Information contains the UE ID and resource assignment information. Our proposal for RGSI mainly addresses a reduction in the number of bits for UE ID. The concept of PRB Grouping, which is a basis for the proposed RGSI, can introduce an additional reduction of required bits for resource assignment information. This argument can be quite simply derived because the grouping of PRBs reduces the amount of information required for identifying particular PRB within the group. As discussed above, we would like to point out again that if the number of UE ID bits is very small, such as 4 bits, it is possible that only the UE ID (RGSI) needs to be located in each PRB, implicitly indicating that the PRB is assigned to the UE without resource assignment information.
3. Examples of PRB Grouping and RGSI Assignment
In our proposal, PRB Grouping and the corresponding RGSI assignment are communicated a-priori and these methods are implementation issues. However, in this section we show some typical examples of PRB Groupings and scheduling as well as RGSI assignments to influence scheduling strategies, when the proposed RGSI concept is adopted.
3.1. PRB Grouping and RGSI Assignment
Figure 1 shows an example of allocation of UEs to PRB Groups (PRBG). In this example, some UEs belong to multiple PRB Groups, such as to 4 PRB Groups or 2 PRB Groups, in which these UEs can be scheduled to enough PRBs even when a relatively small number of PRBs is involved in a PRB Group compared with resources required by these UEs.
Figure 2 shows examples of RGSI assignments corresponding to Figure 1 Example Allocations. UEs belonging to multiple PRB Groups are assigned multiple RGSIs, each of which corresponds to one PRB Group. In the Figure, RGSI for each of multiple PRB Groups is assigned to one UE such as RGSI 0001 of PRB Group #1, #2, #3, and #4 for UE1 in this case. In this example case, 35 UEs can be allocated in total to 4 PRB Groups. This number (35) of UEs is considered quite reasonable taking into account that those UEs belonging to multiple PRB Groups require more resources than those PRBs contained in one PRB group, and require scheduling flexibility beyond PRB Grouping.
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Figure 1 : Example of UE allocation to multiple PRB Groups
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Figure 2 : Example of RGSI Assignment for Fig.1 Allocations
3.2. Example for PRB Grouping in Time Domain
Now, we would like to discuss the relationship between PRB Grouping and typical scheduling strategy. Figure 3 shows examples of PRB Grouping in the time domain. Consecutive sub-frames consist of a PRB Group temporally localized (example (1)) or a PRB Group can be distributed in time domain (example (2)). These scenarios are quite simple and straight-forward and do not affect frequency selective scheduling, though latency might become a problem. UEs requiring time sensitive QoS class (i.e. low latency class) can be assigned to multiple PRB Groups. However, PRB Grouping only in the time domain may not provide enough reduction of length for RGSI bits, for example grouping into 2 or 4 makes the UE ID length shorter by just 1 or 2 bits respectively.
[image: image3.emf]10MHz

PRB

 Group #1

PRB 

Group #2

PRB 

Group #3

PRB 

Group #4

Sub-frame 1

Sub-frame 2

Sub-frame 3

Sub-frame 4

|

|

|

|

|

|

|

|

|

|

|

|

t

10MHz

Sub-frame 1

Sub-frame 2

Sub-frame 3

Sub-frame 4

|

|

|

|

|

|

|

|

|

|

|

|

Example (1) Example (2)

#2

#3

#4

#1

#2

#3

#4

#1

#2

#3

#4

#1

#2

#3

#4

#1


Figure 3 : Example of PRB grouping in time domain
3.3. Example for PRB Grouping in Frequency Domain
To continue the discussion on the relationship between PRB Grouping and typical scheduling strategy, now we’d like to show examples of PRB Grouping in the frequency domain. Figure 4 and Figure 6 show examples of PRB Grouping in the frequency domain, in a localized way and a distributed way respectively. In Figure 6 distributed PRBs composing one PRB Group are shown by using the same colour.
Figure 5 and Figure 7 show corresponding examples of PRB scheduling to UEs. In these examples, assignment of UEs to PRB Groups and RGSI is assumed as shown in Figure 1 and Figure 2. Even in the localized PRB Grouping shown in Figure 4, distributed PRB scheduling is possible such as UE1 and UE6 shown in Figure 5. On the other hand, localized scheduling of PRB is also possible in distributed grouping in Figure 6 such as UE 1 as shown in Figure 7. It is also obvious that frequency distributed scheduling is well-suited with distributed PRB Grouping such as UE 24 etc.
[image: image4.emf]S

u

b

f

r

a

m

e

1.25MHz 1.25MHz

PRB

 Group #1

PRB 

Group #2

1.25MHz 1.25MHz

PRB 

Group #3

PRB 

Group #4

f


Figure 4 : PRB grouping in frequency domain (localized)
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Figure 5 : Example of PRB scheduling based on Figure 4
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Figure 6 : PRB grouping in frequency domain (distributed)
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Figure 7 : Example of PRB allocation based on Figure 6
Examples shown in the previous section and this section are quite simple and very basic, and they fall into the RGSI and PRB Grouping concepts of our proposal. Looking through these examples, we can find that enough flexibility is offered by the RGSI and PRB Grouping concept. One reason for this flexibility comes from allocating one UE to multiple PRB Groups, this property is already included in the RGSI proposal. Please be reminded that it is not our intention to propose a scheduling strategy accompanying with the proposal of RGSI. However, we may find some kinds of PRB grouping property in any scheduling design where RGSI can be applied using that property.

Although the above described examples implement PRB Grouping either in the time domain or in the frequency domain, a combination of these schemes is possible and may be suitable for practical applications. Of course, a time-frequency grouping can lead to an increase in the number of groups, which makes the UE ID (RGSI) length shorter while supporting the same number of UEs or the number of supporting UEs larger with the same RGSI length.

4. Conclusion

This document has discussed the need and effectiveness of Shorter UE ID and proposed that a Shorter UE ID scheme should be introduced for L1/L2 control signalling, in particular for Downlink Scheduling information. We have proposed that an RGSI based on PRB Grouping is very suitable for adoption as the Shorter UE ID.
Examples of PRB Grouping and the corresponding RGSI assignment for typical scheduling strategy have also been shown in this document. The following observation can be made from the discussion described in this document.

· A Smaller number of PRBs allocated to a PRB Group can overcome a limitation in the number of UEs being allocated to the PRB Group, which is caused by a short length of RGSI.

· On the other hand, a very short length of RGSI will enable transmission of more Downlink Scheduling information that will realize flexibility in scheduling.

· A PRB Grouping concept in RGSI will also reduce the amount of resource allocation information in the control signalling. A particular example is locating RGSI per PRB without resource allocation information.
· Assignment of multiple RGSIs to one UE (i.e. UE belonging to multiple PRB Groups) can increase scheduling flexibility. For examples of typical scheduling cases, enough flexibility can be preserved.

· The discussion in this document mainly focuses on Downlink Scheduling information, however, the same discussion and the proposed RGSI can also be applied to the Uplink Scheduling information.
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