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1. Introduction

RAN1 meeting #31 sent a LS [1] to RAN3 asking RAN3 to evaluate the feasibility of the Code Sharing during Compressed Mode feature. After lengthy discussions in RAN3, the response LS was received in RAN1 meeting #36 in [2]. 

This document further discusses the complexity and benefits of the Code Sharing during Compressed Mode feature proposal. I.e. the gain of the feature, the coordination of compressed mode patterns and the maximum number of UEs can share one code, as well as the possibility to enter the compressed mode without reconfiguring the radio link, if the also the other code under the 'mother SF/2 code' is in use.

2. One Possible Usage Scenario

The algorithm for finding suitable Transmission Gap Pattern Sequences, which enables this feature, is an implementation issue that is highly dependent on the the particular compressed mode usage scnenario and chosen parameters. Further it could be assumed that in one physical place the UEs would do measurement for the same inter-frequency or inter-RAT HO purposes, hence potentially using the same TGPSs. For easier understanding of the scheme, one possible usage scenario is explained in this chapter.

2.1. Description of The Scenario

· RNC decides to execute the compressed mode for 9 UEs which support this feature for Inter-frequency measurement. The SF of DL codes allocated to DPCHs of all 9 UEs is the same. The SF is N. 

· The following Transmission Gap Pattern parameters are set to all 9 UEs.

· TGL1=14, TGD = undefined, TGPL=30, TGPRC=infinite (This combination is compliant to table 8.1of [3])

· Two DL codes with SF=N/2, x1 and x2, are shared among the 9 UEs to be used in when transmitting compressed mode frames. The DL code x1 belongs to the code tree in Cell A and the x2 belongs to the code tree in Cell B. 

· The information regarding the shared codes which are allocated to each UE is as below. 6 UEs share x1 and 5 UEs share x2.

· UE1: x1, x2 (The UE has two radio links, i.e. 2-way SHO)

· UE2: x1 (The UE has one radio link, i.e. non-SHO)

· UE3: x2 

· UE4: x1,x2

· UE5: x2

· UE6: x1

· UE7: x1

· UE8: x2

· UE9: x1

· RNC commands Node B to execute the compressed mode based on above Transmission Gap Pattern parameters for each UE. The compressed frames of each UE that shares the same DL code are not overlapping with compressed frames of other UEs. This is done by selecting a different starting frame of compressed mode for each UE.
Note: Difference in the UE transmission timings can be taken into account by leaving a guard frame between two UEs sharing the same code during compressed mode frames. During the guard frame none of the UEs sharing the same compressed mode code will have compressed frames. 

2.2. Compressed Mode Pattern of UEs shares same DL code

Figures 1and 2 show the Compressed Mode Patterns of the UEs that are sharing each DL code, x1 and x2. As described above, compressed frames of each UE sharing the same DL codes are not overlapping with compressed frames of other UEs.
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Figure 1: Transmission Gap Pattern Sequence for the code x1 
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Figure 2: Transmission Gap Pattern Sequence for the code x2

2.3. Codes Saved

If RNC executes this scenario using current SF/2 method, 6 codes of SF=N/2 for compressed slots are needed in the Cell A and 5 codes of SF=N/2 for compressed slots are needed in the Cell B. With the proposed code sharing method, one SF=N/2 code for compressed slots and 6 SF=N codes for non-compressed slots are needed in Cell A. Similarly in Cell B one SF=N/2 code for compressed slots and 5 SF=N codes for non-compressed slots are needed.(See Figure3 for Cell A and Figure4 for Cell B) If it is regarded that one SF=N/2 code is equal to two SF=N codes, 8 SF=N codes in Cell A and 7 SF=N codes in Cell B are used at the proposed method against 12 codes in Cell A and 10 codes in Cell B are needed at current method. Therefore, 4 codes in Cell A and 3 codes in Cell B, totally 7 codes are saved in this case.
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Figure 3: Code Usage of Cell A
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Figure 4: Code Usage of Cell B

3. Maximum number of UEs that can share one code

In this chapter the maximum number of UEs that can share one code is evaluated. In [3] there are some combinations of Transmission Gap Pattern parameters defined for FDD-inter-frequency, FDD to TDD and FDD to GSM measurements. We take the FDD-inter-frequency measurement as an example. The combinations of Transmission Gap Pattern parameters for inter-frequency measurement are in Table 1(same as table 8.1 in [3] )

Table 1 (Table 8.1 of [3] for FDD inter-frequency measurements)

	TGL1 [slots]
	TGL2 [slots]
	TGD [slots]
	Max TGPL [frames]

	7
	-
	Undefined
	18

	14
	-
	Undefined
	36

	10
	-
	Undefined
	24

	7
	7
	15…269
	18 + ceil(TGD/15)

	14
	14
	45…269
	36 + ceil(TGD/15)


(Premise)

· All users use the same TGP parameters. 

· A guard frame that consists of all non-compressed slots is set between the compressed frames of different UEs that are sharing the same code for making the system foolproof. 

(a) TGL1 =7, TGPL=18

One frame is used as the compressed mode frame. Therefore, max 9 users can share one code. Without guard frame, 18 users could share one code. Guard frame could be avoided, if all the UEs had the gap slots in the beginning of the frame and all the SF/2 transmitted slots in the end of the frame. There would still be max. 7 slots transmission timing difference allowed for the UEs.

(b) TGL1=14, TGPL=36

Two frames are used as the compressed mode frames. Hence, max 12 users can share one code.

(c) TGL1=10, TGPL=24

Two frames are used as the compressed mode frames. Hence, max 8 users can share one code.

(d) TGL1 = 7, TGL1 = 7, TGD= 269, TGPL = 36

One frame is used as the compressed mode frame. Hence, max 9 users can share one code. Without guard frame, 18 user can share one code. Guard frame could be avoided, if all the UEs had the gap slots in the beginning of the frame and all the SF/2 transmitted slots in the end of the frame. There would still be max. 7 slots transmission timing difference allowed for the UEs. 

(e) TGL1 = 14, TGL1 = 14, TGD= 269, TGPL =54

Two frames are used as the compressed mode frames. Hence, max 6 users can share one code.

4. Avoiding Radio Link Reconfiguration When Initiating CM

With the current SF/2 method, it is not possible to execute compressed mode if another SF=N Code belonging under the SF=N/2 code for compressed mode slots, is allocated to another UE. In this case the RNC must execute either of the following two actions for executing the compressed mode. 

(1) RNC reconfigures DL Code information of the UE that will execute CM. 

(2) RNC reconfigures DL Code information of the other UE.

However, with the proposed method RNC can avoid the execution of possible RL Reconfiguration procedure for the management of DL codes since RNC can allocate free SF=N/2 DL code to the UE for compressed mode frames.
5. Conclusion

This contribution showed one concrete scenario for enabling Code Sharing during the Compressed Mode and it also discussed about the maximum number of UEs that can share one code. In addition to the benefit of saving DL channelization codes, it was explained that there was other benefit on this proposal from the DL Code management point of view. Attached, the draft CRs for TS25.213, TS25.331, TS25.433.

References

[1]   R1-030363: Answer LS on Compressed Mode Code Reuse, From RAN1 To RAN3

[2]   R1-040170: LS on Code Sharing during Compressed Mode, From RAN3 to RAN1

[3]   TS25.133 V5.7.0: Requirements for support of radio resource management(FDD)
_1126378270.ppt








UE 1

UE 3

UE 4

UE 5

UE 8

TGPL = 30

Transmission Gap Pattern Sequence for the x2

Transmission Gap

Transmission with SF/2

1 frame

Transmission with Normal slots




































_1126378507.ppt








SF=1

SF=2

SF=N/4

SF=N/2

SF=N

UE1

UE2

UE4

UE6

UE7

UE1

UE2

UE4

UE7

UE6

x1

Current SF/2 method

Proposed SF/2 method

Code Resource Usage of Cell A(includes x1) 

 by Current SF/2 method and Proposed SF/2 method

UE9

UE9

For non compressed slots

For compressed slots

Saved Codes
















































_1126378506.ppt








SF=1

SF=2

SF=N/4

SF=N/2

SF=N

UE1

UE3

UE4

UE5

UE8



UE1

UE3

UE4

UE8

UE5

x2

Current SF/2 method

Proposed SF/2 method

Code Resource Usage of Cell B(includes x2) 

 by Current SF/2 method and Proposed SF/2 method

For non compressed slots

For compressed slots

Saved Codes










































_1126378242.ppt


UE 1

UE 2

UE 4

UE 6

UE 7

UE 9

Transmission Gap

Transmission with SF/2 

TGPL = 30

1 frame

Transmission with Normal slots

Transmission Gap Pattern Sequence for the x1
























