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1. Introduction

In [1] we presented an overview on the maximum TTI length for selective combining and gave some detailed figures why respective buffer sizes are needed. Parts of this document were integrated into a text proposal [2] which was agreed in the RAN WG1 #36 (Malaga, Spain). There, only MBMS using a data rate with 64 kbps was considered. Additionally, during the joint RAN WG1, 2, and 3 Adhoc session, the following agreements were made [4] which also have been presented to RAN [5]:
· Minimum UE capability for a MBMS capable UE
· P-CCPCH + any of

· (1+n) S-CCPCH (1 dedicated + n MBMS)

· PICH + MICH

· PICH + n S-CCPCH

· MICH + 1 S-CCPCH

· Number of RL n: 

· 1 RL with max 80ms TTI

· 2 RL with max 80ms TTI

· 3 RL with max 40ms TTI 

· MBMS (radio bearer) bit rate x: 64kbps ( x ( 256kbps

· To be further discussed in RAN1
In the following we consider the needed buffer requirements for the physical layer if selective combing is done on higher layers. The above assumptions are used and compared to the respective UE classes (also HSDPA classes) (Section 2) in detail. In Section 3, two possible options for UE capabilities are presented. Finally, the results are summarized and a possible way forward is presented.
2. Memory requirements of MBMS selective combining
In the following three tables, the memory requirements for the frame buffer, the TTI buffer and the decoded data buffer are shown. Different MBMS data rates are analyzed, namely 64, 128, and 256 kbps. For the 64 kbps service, a spreading factor of 32, for 128 kbps 16, and for 256 kbps a spreading factor of 8 is considered.
In the last but one column we show the minimum UE capability class to support the respective assumptions while in the last column we show the minimum HS-DSCH physical layer category. We do not consider any constraints from the number of channels. We only look onto the buffer sizes and the TTI processing time (here we assume that a UE decodes the required rate with a margin of 10%, e.g., a 384 kbps class UE can decode 384kbps * 1.1 = 422.4 kbps). 

Concerning the buffer sizes we strictly consider the values shown in [3]. They are defined for the frame buffer (size=K words), the TTI buffer (size=A*6.6 words), and the decoded TrBlks buffer (size=A bits). Furthermore, we take one S-CCPCH used for FACH with a spreading factor (SF) of 128 (can also be used for PICH). For the MTCH we assume an overhead of 16 bits per block of 320 bits (CRC bits).
Table 1: Buffer requirements for different numbers of radio links and TTI length for a 64 kbps service.
	-
	channel
	SF
	TTI
	No. of S-CCPCH
	frame buffer size
	TTI buffer size
	Total de​cod​ed data size per TTI
	Minimum UE class
	HS-DSCH category

	R99 S-CCPCH
	PCH 24 kbps
	128
	10
	1
	600
	600
	240
	32 kbps
	n. c.

	MBMS RLs=1
	PCH + 1 MTCH
	32
	80
	2
	3000
	19800
	5616
	384 kbps
	2, 12

	MBMS RLs=2
	PCH + 2 MTCH
	32
	80
	3
	5400
	39000
	10992
	2048 kbps*1)
	5 *3)

	MBMS RLs=3
	PCH + 3 MTCH
	32
	40
	4
	7800
	29400
	8304
	768 kbps
	4 *4)

	
	
	
	80
	4
	7800
	58200
	16368
	2048 kbps
	6


Table 2: Buffer requirements for different numbers of radio links and TTI length for a 128 kbps service.

	-
	channel
	SF
	TTI
	No. of S-CCPCH
	frame buffer size
	TTI buffer size
	Total de​cod​ed data size per TTI
	Minimum UE class
	HS-DSCH category

	R99 S-CCPCH
	PCH 24 kbps
	128
	10
	1
	600
	600
	240
	32 kbps
	n. c.

	MBMS RLs=1
	PCH + 1 MTCH
	16
	80
	2
	5400
	39000
	10992
	2048 kbps*1)
	5*3)

	MBMS RLs=2
	PCH + 2 MTCH
	16
	80
	3
	10200
	77400
	21744
	---*2)
	7

	MBMS RLs=3
	PCH + 3 MTCH
	16
	40
	4
	15000
	58200
	16368
	2048 kbps
	6*3)

	
	
	
	80
	4
	15000
	115800
	32496
	--- 
	8*3)


Table 3: Buffer requirements for different numbers of radio links and TTI length for a 256 kbps service.

	-
	channel
	SF
	TTI
	No. of S-CCPCH
	frame buffer size
	TTI buffer size
	Total de​cod​ed data size per TTI
	HS-DSCH category

	R99 S-CCPCH
	PCH 24 kbps
	128
	10
	1
	600
	600
	240
	n. c.

	MBMS RLs=1
	PCH + 1 MTCH
	8
	80
	2
	10200
	77400
	21744
	7

	MBMS RLs=2
	PCH + 2 MTCH
	8
	80
	3
	19800
	154200
	43248
	9

	MBMS RLs=3
	PCH + 3 MTCH
	8
	40
	4
	15000
	112600
	32496
	7

	
	
	
	80
	4
	29400
	231000
	64752
	---


Remarks to Table 1, Table 2, and Table 3
Note *1): The total decoded data size is a very little above the limit of 10240 for the 768 kbps class. Considering no overhead for the MTCH (no CRC) and no R99 SCCPCH we exactly have 10240 bits.

Note *2): see Note 1), but here for the limit of 20480 of the 2048 kbps class.

Note *3): only slightly above the limit of the class below shown in this column (less than 2 % higher)

Note *4): Without the additional R99 S-CCPCH category 2 or 12 would be sufficient.

For the definition of the HS-DSCH category we took on the one hand the total number of soft channel bits into account which is equivalent to the TTI buffer size. On the other hand we multiplied the maximum number of bits of an HS-DSCH transport block received within an HS-DSCH TTI by 5 (2ms to 10 ms TTI length) and compared it to the needed total decoded data size per TTI. The higher needed value of the corresponding category was chosen as the HS-DSCH category in the tables. In Table 3 no column for the minimum UE class is shown since higher requirements than those for the 2048 kbps class are needed.
3. Possible UE capabilities
From the needed requirements shown in the tables in Section 2 two optional UE capabilities are derived. The needed values are shown in Table 4.
Table 4: Proposed Minimum UE Capability Classes for MBMS (FDD)
	Reference combination of UE access capability parameters for MBMS (DL only)
	Option 1, maximum 256 kbps
	Option 2, maximum 512 kbps
	Comments

	PDCP parameters
	
	
	

	Support for RFC 3095
	Yes
	yes
	

	Maximum number of ROHC context sessions
	16
	16
	Default value in PDCP capability in TS25.331.

	Transport channel parameters
	
	
	

	Maximum number of bits of all transport blocks being received at an arbitrary time instant 
	10992
	21744
	

	Maximum number of convolutionally coded transport blocks being received at an arbitrary time instant 
	640
	640
	Relates to the reception of the S-CCPCH that carries an MCCH.

	Maximum number of bits of all turbo coded transport blocks being received at an arbitrary time instant.
	10752
	21504
	Relates to the reception of the S-CCPCH carries the MTCH.

	Maximum number of simultaneous transport channels
	8
	8
	TS25.306 value for all but the 32 kbps class

	Maximum number of simultaneous CCTrCH (S-CCPCH)
	2
	2
	

	Maximum number of transport blocks received within TTIs that end at the same time
	32
	64
	TS 25.306 value for the 384 / 768 kbps class.

	Maximum number of TFC 
	128
	256
	TS 25.306 value for the 384 / 768  kbps class.

	Maximum number of TF  
	64
	128
	TS25.306 value for the 384 / 768 kbps class.

	Support for turbo coding 
	Yes
	Yes
	

	PHY parameters (FDD)
	
	
	

	Maximum number of physical channel bits received in any 10ms interval 
	5400
	10200
	


Option 1: 

· Support of 3 RL with 40 ms TTI and 64 kbps

· Support of 2 RL with 80 ms TTI and 64 kbps, or with 40 ms TTI and 128 kbps, 

· Support of 1 RL with 80 ms TTI and 128 kbps, or with 40 ms TTI and 256 kbps. 
· close to 768 kbps class and corresponds to HSDPA category 5. 

· It was shown in [1] that the mandatory buffer sizes for 384 kbps class terminal and the “Processing time for decoding” are sufficient if an advanced memory management is employed (due to the fact that the TTI buffer size is a lot over dimensioned with 6.6 times the decoded data buffer). Thus, a fast introduction of terminals supporting MBMS should be possible.

Option 2:

· Support of 3 RL with 80 ms TTI and 64 kbps, or with 40 ms TTI and 128 kbps
· Support of 2 RL with 80 ms TTI and 128 kbps, or with 40 ms TTI and 256 kbps, 

· Support of 1 RL with 80 ms TTI and 256 kbps. 

· The needed buffer sizes are a little above the 2048 kbps class memory requirements and correspond to HSDPA category 7. The maximum data rate which has to be decoded is 512 kbps (768 kbps would be necessary only if 3 RL with 256 kbps and 20 ms TTI would be used). Thus, the main extension with respect to a 384 kbps class terminal mainly concerns the TTI buffer size and the decoded data buffer size.
· This option would also allow for 2 MBMS channels each having 2 RLs with 64 kbps and a TTI length of 80 ms from the physical layer point of view.

Compared to [3] one additional row should be added which contains the maximum data rate multiplied with the number of radio links, e.g., 256 kbps for Option 1 (which means 1 RL with 256 kbps or 2 RLs with 128 kbps). In Table 4 we have set it in the title row.
4. Conclusions

We presented in Section 2 the required buffer sizes for different MBMS rates (64, 128, 256 kbps) with a TTI length of 80 ms and applying selective combining with 2 or 3 radio links. For three radio links also the option using a TTI length of 40 ms is shown. We propose to include these tables into the TR. 

Furthermore, we presented two options concerning the UE capability with respect to Table 5.2.2.1 in [3]. It should be discussed and decided which option is preferred. If one option is accepted it should be presented to RAN2 and finally added to Section 7.2 in [6].
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