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1.Introduction
During joint RAN1-RAN2 session meeting (Malaga, Spain, 18 February 2004), Definition of MBMS UE Capability was discussed[1]. However, exact bitrate was not decided. MTCH bit rate is assumed somewhere between 64kbps and 256 kbps. In previous document[2], MTCH bitrate assumed 64kbps. The exact of MTCH bitrate is still open. In this document, exact bitrate for MTCH is considered according to new assumptions.


2.Discussion

2. 1 Consideration on memory requirements
This chapter explains the impact on UE capabilities when MTCH bit rate more than 64kbps is applied and showed the parameter of 384k UE class as reference. From UE architecture point of view, following points should be considered. 

Frame buffer size
Frame buffer size is defined in [3] as “Maximum number of physical channel bits received in any 10 ms interval (DPCH, PDSCH, S-CCPCH)“.
This value depends on slot format, and notably Spreading Factor, of each channel and the maximum number of RLs(in case of selective combining). This value doesn’t depend on TTI length. Therefore, the higher MTCH bitrate is, the higher slot format data part bit rate is, and the larger frame buffer size is. 

Another factor that impacts on it is whether something else channel should be received simultaneously with MBMS or not. In current assumptions, Minimum UE capabilities of MBMS don’t include the simultaneous reception of DPCH and S-CCPCHs. However, this combination is going to be considered in the future.


TTI buffer size 
TTI buffer size is defined in [3] as “The maximum number of bits before rate dematching being received at an arbitrary time instant (DPCH, PDSCH, S-CCPCH) “ This shall be less or equal to 6.6 times “the Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant”.

This value depends on 2 factors. One is TTI length and the other is the number of RLs. This buffer size inclines to larger in MBMS because longer TTI is preferable for S-CCPCH for MTCH, which increases the interleaving gain. 


Turbo decoded data size
Turbo decoded data size is defined in [3] as “Maximum sum of number of bits of all turbo coded transport blocks being transmitted at an arbitrary time instant“
This value depends on MTCH bitrate and the number or RLs (in case of selective combining). 


UE capabilities for 384K UE class
According to UE capabilities specification [1], the key parameter of 384k UE class is shown as reference. TTI buffer size is calculated as 6400*6.6=42240.

· Frame buffer size: 19200

· TTI buffer size: 42240

· Turbo decoded data size: 6400 

· Total decoded data size (i.e. turbo +convolutional): 6400


2.2 Consideration on Turbo processing capabilities
Not only memory size of turbo decoded data but also the processing capability of turbo decoder should be considered. That is approximately proportion to the number of channels and the datarate of those. As simple calculation, 384k class UE may be able to decode 128kbps x 3RLs = 256kbps x 1RLs (RLs is a round number) with same processing capability of turbo decode as 384k class UE.

Minimum UE capabilities of MBMS don’t include the simultaneous reception of DPCH and S-CCPCHs. That means MBMS service is not available during DPCH usage. This restriction seems to be reasonable as minimum capabilities in order to reduce processing capability of turbo decoder. However, it means that retransmissions (this is application layer, not radio access layer) is required if there are MBMS missing data due to speech service interruption. That is some loss of radio resources.

In the future, simultaneous reception of both DPCH and S-CCPCHs will be applied for high UE capabilities. Even if TTI buffer size is no problem, processing capabilities of turbo decoder might be chokepoint. In that case, either DPCH bitrate or MBMS service is restricted depending on the kinds of service. For example, only speech service on DPCH (it is convolution code, not Turbo code) is permitted during MBMS reception. Ideally, it is preferable that user can choose whether interruption of speech service during MBMS service is allowed or not.

2.3 Relation between MTCH bitrate and the number of RLs according to new assumptions

Minimum UE capabilities of MBMS was concluded in joint RAN1-RAN2 session [1]. Therefore, MTCH bitrate for MBMS minimum UE capabilities should be reconsidered according to these assumptions.

The number of S-CCPCH = (1+n) S-CCPCH (1 dedicated + n MBMS)

The number of RL n:
· 1 RL with max 80 ms TTI
· 2 RL with max 80 ms TTI
· 3 RL with max 40 ms TTI
MBMS (radio bearer) bit rate x: 64kbps <= x <= 256kbps

Table1 shows buffer size of each bitrate according to the number of RLs and TTI length. The following shows the explanation of each column.

(A) SF: It corresponds with S-CCPCH slot format
(B) TTI: from above assumption.
(C) S-CCPCH slot format: from link simulation assumptions in TR25.803
(D) Ndata1: from S-CCPCH slot format (TPC bits were excluded)
(E) Bits of each channel  [10ms] = S-CCPCH Ndata1 * 15[slot] 
(F) frame buffer size  [10ms] = PCH bits per 10ms(600bits) +(E) MTCHs bits
(G) TTI buffer size[TTI] (MTCH only) as implied by frame buffer: = TTI/10 *(E) MTCHs bits
(H) TTI buffer size[TTI] (PCH+MTCHs) as implied by frame buffer: = (G)+ PCH bits per 10ms(600bits)
(I) TTI buffer size[TTI] (PCH+MTCHs) as implied by encoded data := Total decoded data size*6.6
(J) TTI buffer size[TTI]    (PCH+MTCHs):= Minimum(H,I)
TTI buffer size as UE capabilities parameter is minimum value of either (H) Max TTI times the frame buffer or (I)6.6 times the decoded data buffer
(K) Turbo decoded data size (MTCH only) [TTI]:=TB_size*the number of TBs* TTI/10 * RLs
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(L) Total decoded data size [TTI] (Turbo+CC240bit):= (K)+convolution decoded data size of PCH(240bit)


Note: 
The values filled with green mean UE capabilities parameter defined in TS25.306.
The red values mean that those are over 384K Capabilities.
The red values filled with dark are supposed to expand the current 384k UE capabilities.

Table 1 showed that MTCH bitrate is 64kbps 1RLs only if 384kUE class parameters are strictly applied for MBMS UE. Some expansion of those parameter ranges should be required.

2.4 Consideration on MTCH bitrate for minimum UE Capabilities

The impact on UE complexity
Regarding turbo decoded data size and Total decoded data size, both value exceed 384k UE class. However, it is not so critical because both are not soft-decision value and it doesn’t required wide bit rage. 

Regarding both frame buffer and TTI buffer, both values also exceed 384k UE class. Please note that those values are treated as soft decision value inside UE receiver. Actual memory size is several times as much as following parameter value according to soft decision bit range. Especially regarding MBMS, longer TTI length for good performance requires large TTI buffer size, while it should be reduced as much as possible from UE manufacture point of view. Regarding MBMS memory, TTI buffer is more influential in UE memory than frame buffer.

Increase of decoded data size is not as difficult as that of TTI buffer. We focuses on TTI buffer size for consideration of MBMS minimum UE capabilities.

Extension 384K UE Class regarding turbo decoded data size and total decoded data size

The TTI buffer size should be paid attention to in this table. This is the largest factor for UE memory impact. If frame buffer size is smaller than 42240 (that is frame buffer size of 384k UE class), maximum bitrate of MTCH is 128kbps, the number of RLs =1, TTI=80ms. At MTCH 128kbps, turbo decoded data size and total decoded data size are also over 384k UE class (Filled with dark). It recommended that UE capabilities of both decoded data sizes be expanded for MBMS. Values in Table1 Filled with dark should be permitted.

Consideration to selective combining

If Minimum UE supports MTCH 128kbps, selective combining should not be applied for such a bitrate. Otherwise, 64kbps bitrate is recommended as minimum UE capabilities. This bitrate is able to apply selective combining regardless of the number of RLs if UE capabilities of decoded data size are expanded (i.e Values filled with dark in Table1 are permitted). We recommend 64kbps as MTCH bitrate for minimum UE capabilities if selective combining is mandatory.

3.Conclusion 

In this document, exact bitrate for MTCH and minimum UE capabilities for MBMS were proposed. 

First, Processing capability of Turbo decoder is considered. It was concluded that it is not critical if MTCH bitrate is less than 256kbps in case of MTCH only. Restriction of combination DPCH and S-CCPCHs should be considered in case of simultaneous reception of other channels besides MTCH. Second, buffer inside UE were compared and it was concluded that TTI buffer size was the critical factor for UE memory requirement. Third, relation between MTCH bitrate and the number of RLs according to new assumptions decided in RAN1-RAN2 joint session was considered. Finally, extension of decoded data size and MTCH bit rate are proposed.

It was concluded that Turbo decoded data size and Total decoded data of size of current 384kbps UE class should be expanded for MBMS UE capabilities. It was concluded that if Minimum UE supports MTCH 128kbps, selective combining should not be applied for such a bitrate. Otherwise, 64kbps bitrate is recommended as minimum UE capabilities. MTCH 64kbps enables to apply selective combining regardless of RLs.
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Table 1 Buffer size of each bitrate according to the number of RLs and TTI length.
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				MBMS RLs=3		MTCH 64kbps		32		40		10		152		6840		7440		27360		27960		54807		27960		336*2*4*3=8064		8304								3		4		8064

				MBMS RLs=1		MTCH 128kbps		16		80		12		312		4680		5280		37440		38040		72548		38040		336*4*8*1=10752		10992								1		8		10752

				MBMS RLs=2		MTCH 128kbps		16		80		12		312		9360		9960		74880		75480		143511		75480		336*4*8*2=21504		21744								2		8		21504

				MBMS RLs=3		MTCH 128kbps		16		40		12		312		14040		14640		56160		56760		108029		56760		336*4*4*3=16128		16368								3		4		16128

				MBMS RLs=1		MTCH 256kbps		8		80		14		632		9480		10080		75840		76440		143511		76440		336*8*8*1=21504		21744								1		8		21504

				MBMS RLs=2		MTCH 256kbps		8		80		14		632		18960		19560		151680		152280		285437		152280		336*8*8*2=43008		43248								2		8		43008

				MBMS RLs=3		MTCH 256kbps		8		40		14		632		28440		29040		113760		114360		214474		114360		336*8*4*3=32256		32496								3		4		32256

																						TBsize=						336

				Green is UE capabilities parameter defined in TS25.306



Vincent Belaïche:
Considering the capability we take 80 as this is the max possible

Vincent Belaïche:
Considering the capability we take the same as frame buffer size, as this is the max possible




