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1. Introduction

In previous RAN1 meeting, RAN1 agreed following:
UE capability requirement will be defined as a memory requirement (total number of soft channel bits) similar to the way it is defined for HS-DSCH. The set of supported combinations of max bit rate, TTI and number of RL should be specified in line with the memory requirement. Continue discussion on soft combining.
In [1], we proposed 128kbps with 2 RL 80ms as minimum UE capability for MBMS MTCH. This figure corresponds to amount of soft channel bits (other document call this as the memory before de-rate matching or TTI memory) are 74880 bits. The value is similar to 3.6 Mbps HSDPA terminal and we believe this would be a candidate of the compromise between attractiveness of bit rate and complexity. 
In this document, we discuss how this value is mapped to different combination of soft combining and radio links.
This document focuses UE capability of the reception of S-CCPCH for the transmission of MTCH. The capability for other possible S-CCPCH for normal FACH or MCCH should be defined differently. One possibility is these channel should be received within R99 type UE capability.

2. Trade off between flexibility and restriction
The higher layers usually have some overhead like headers in several different layers. At this point of time of the standardization, it would be very difficult to estimate how many bits are required for the header overhead. In addition, in future, some more elegant header compression scheme could reduce such overhead. If the higher layer have an application level outer-coding, some amount of the additional overhead is required. Therefore, layer one should have some level of the flexibility to the bit rate.

On the other hand, to reduce the amount of combination is desirable to reduce the test effort in order to quicker commercialization of MBMS.

Therefore, we propose the possible combinations are defined by the relation among slot format, TTI length, and number of RLs. The difference of some bit rate from higher layer can be adjusted by L1 rate matching procedure.

3. Proposal of the combination
With above consideration, we propose MBMS UE shall support following combinations for S-CCPCH for MTCH transmission. There are two groups. One is selective combining mode. The other is soft combining mode. These combinations are derived based on 74880bits of soft channel bits memory.
Selective combining mode

Table 1. Proposal of combination of supported selective combining slot, TTI, number of RLs

	Combination name
	S-CCPCH Slot format
	TTI length
	Number of RL

	1se
	12 (around 128kbps)
	80ms
	2RL

	2se
	10 (around 64kbps)
	80ms
	2RL

	3se
	8 (around 32kbps)
	80ms
	2RL

	4se
	12 (around 128kbps)
	40ms
	3RL

	5se
	10 (around 64kbps)
	40ms
	3RL

	6se
	8 (around 32kbps)
	40ms
	3RL


In here, we assumed the slot format is same among all RLs for selective combining cells. Although we see to have different slot format among different cells is one of the merits for selective combining, we propose to limit the case of the same slot format to reduce the combinations based the assumption that the similar contents are delivered among neighbouring cells. If there is a good argument to have different slot formats, we don't have so strong objection. In such case, there would have more combinations.
If RAN1 is going to add soft combining mode, our preference is to exclude 40ms and 3 RL case for the simplification of the combinations. We would like to hear RAN1 opinion.

Soft combining mode

Table 2. Proposal of combination of supported soft combining slot, TTI
	Combination name
	S-CCPCH Slot format
	TTI length
	Maximum delay

	1so
	14 (around 256 kbps)
	80ms
	±148 chips note 1

	2so
	14 (around 256 kbps)
	40ms
	± 18 ms note2

	3so
	12 (around 128 kbps)
	80ms
	± 40 ms note3

	4so
	10 (around 64 kbps)
	80ms
	± 100 ms note4

	5so
	8 (around 32 kbps)
	80ms
	± 300 ms note5


The maximum delay calculation is based on following calculation.
Except the note 1, following buffer size calculation was carried out. With soft combining, soft buffer (or the memory before de-rate matching or TTI memory) can be utilized to store the time difference between RLs. Figure 1 is the example for Note 2. When UE is ready to decode soft combined data, UE also required saving prior link's more recent data. In this timing calculation, we calculate minimum buffer size with zero decoding time. In reality, additional buffer may be required depending on FEC decoding time and number of FEC decoding unit. These aspects are implementation specific choice. From the specification point of view, we focused minimum buffer size.
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Figure 1. Timing relation of two RLs

Note 1: This is the same value as R99's window size for SHO.

Note 2: (74880 - 632*15*4) / (632*15) = 3.89 frames. We simplified to 3.6 frames. So, 36/2 = 18ms. 632*15 is the number of data bits in a frame. 
Note 3: (74880 - 312*15*8) / (312*15) =  8 frames. So 80/2=40ms
Note 4: (74880 - 152*15*8) / (152*15) = 24.8 frames. We simplified to 20 frames. So 200/2 = 100ms.
Note 5: (74880 - 72*15*8) / (72*15) = 61.3 frames. We simplified to 60 frames. So 600/2 = 300ms.
In above combinations, we excluded 10ms and 20ms TTI for MBMS MTCH. The reason is following:
The agreement in RAN1-2 is no DTX for MTCH S-CCPCH for inter-frequency measurement. Therefore, usually UE has a freedom on how and when interfrequency measurement is carried out in the condition UE meet the performance of MTCH S-CCPCH. But in Cell_FACH, UE is required to receive normal S-CCPCH and MTCH S-CCPCH. Normal S-CCPCH is operated typically 10ms TTI (See TS34.108 section 6.10.2.4.3). For the protection of normal S-CCPCH, inter-frequency measurement at arbitrary timing is problematic for 10ms TTI S-CCPCH because of such short TTI. Therefore, UE is enforced to carry out inter-frequency measurement at normal S-CCPCH measurement occasion and therefore the length of the measurement occasion is defined by the longest TTI mapped onto the normal S-CCPCH (e.g. 10ms). Our understanding of performance requirement in TS25.133 is based on all measurement occasion is utilized by UE. Therefore assuming the similar performance of inter-frequency measurement, all measurement occasion is utilized. The best required performance of inter-frequency measurement (i.e. worst performance of MTCH S-CCPH) is the case that 10ms interfrequency measurement occasion per 80ms. In that case, 10ms or 20ms TTI for MTCH S-CCPCH would be problematic without application layer outer-coding because in some case complete TTI would be lost by interfrequency measurement, which will cause high BLER. Our understanding is RAN part should have minimum functionality without outer-coding. In this reason, we excluded 10ms and 20ms TTI for MBMS MTCH for the combination. This implies the choice of coding rate 33% for MBMS MTCH would be 33+12.5 = 45.4% coding rate after adding puncturing of interfrequency measurement in worst case in 80ms TTI of MTCH. In case of 40ms TTI MTCH, coding rate would be 33% in no collision frame and 33+12.5+12.5= 58% in collision frame with inter-frequency measurement occasion of normal S-CCPCH.
In this document, we assumed normal S-CCPCH means R99 type S-CCPCH or S-CCPCH which carries MCCH. If MCCH is transmitted with the same S-CCPCH for MTCH, above MTCH S-CCPCH means S-CCPCH which carries MCCH and MTCH.
4. Transition of two mode (soft/selective)
Cells for soft combining or selective combining could be intra-Node Bs and inter-Node Bs. In such cases, we can image the scenario as such that the timing relation between some cells is known and some cells are not known. In that case, it would be one good approach that UE select soft combining mode or selective combining depending on the choice of target cells. That is if UE is informed timing difference between cells and these cells are within above maximum timing difference, UE behave as soft combining mode. If UE is not informed timing difference or these cells are out of above maximum timing difference, UE behave as selective combining mode.
In the transition period of two modes, there could be some data loss. This aspect should be further discussed.

If we allow such behaviour, TTI or slot formats should be same between these cells to avoid complex "reconfiguration" of UE. It means S-CCPCH slot format 14 (around 256kbps) would be removed from such transition of two modes. This argument maybe further supports to the removal of 40ms TTI with 3RLs.
5. Conclusion
In this document, we discussed UE capability for the reception of MTCH S-CCPCH. We propose following:

- To have a trade off between flexibility and restriction, the possible combinations are defined by the relation between slot format, TTI length and the number of RLs. The some difference of bit rate should be done by rate matching process.

- Soft channel bit memory size should be 74880 bits. 

- Following combinations are proposed in selective combining.
	Combination name
	S-CCPCH Slot format
	TTI length
	Number of RL

	1se
	12 (around 128kbps)
	80ms
	2RL

	2se
	10 (around 64kbps)
	80ms
	2RL

	3se
	8 (around 32kbps)
	80ms
	2RL

	4se
	12 (around 128kbps)
	40ms
	3RL

	5se
	10 (around 64kbps)
	40ms
	3RL

	6se
	8 (around 32kbps)
	40ms
	3RL


- We would like to hear RAN1 opinion if we add soft combining, whether we can exclude 40ms with 3RL combinations for the simplicity.
- Following combinations are proposed in soft combining.

	Combination name
	S-CCPCH Slot format
	TTI length
	Maximum delay

	1so
	14 (around 256 kbps)
	80ms
	±148 chips 

	2so
	14 (around 256 kbps)
	40ms
	±  18 ms 

	3so
	12 (around 128 kbps)
	80ms
	± 40 ms 

	4so
	10 (around 64 kbps)
	80ms
	± 100 ms 

	5so
	8 (around 32 kbps)
	80ms
	±  300 ms 


- Number of combinations are 11 if we have 40ms of 3RL and soft combining. Number of combinations are 8 if we don't have 40ms of RL cases.
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7. Annex
Slot formats and possible bit rate relation from [1] is listed for the convenience to see the relation between bit rate and coding rate.
Table 1: Slot format and coding rate in different MBMS bearer rate

	Slot format #i of S-CCPCH
	Number of data bits in a frame
	Coding rate

	
	
	64kbps
	128kbps
	256kbps

	8
	72x15= 1080
	0.59
	-
	-

	10
	152x15= 2280
	0.28 
	0.56 
	1.12 

	12
	312x15= 4680
	0.14 
	0.27 
	0.55 

	14
	632x15= 9480
	0.07 
	0.14 
	0.27 

	16
	1272x15= 19080
	0.03 
	0.07 
	0.13 
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