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1. Introduction

In [1] we presented an impact analysis if selective combining is done on the physical layer. Additionally, it is also under consideration to do selective combining on the RLC layer which means from the physical layer point of view an independent decoding of several radio links. In [2] an overview for the 384 kbps UE class and the needed buffer sizes according to [3] was shown considering only 64 kbps with a spreading factor of 32.
In the following we consider other UE classes and rates for the MBMS (Section 2). In Section 3, a closer look is taken to the case which is close to the memory limits, namely an MBMS with 64 kbps and 80 ms TTI using 2 radio links. This case was identified as open topic after the discussion in RAN1 Rel. 6 Adhoc meeting in Espoo.
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 shown, namely 32, 64, 128 kbps. For the 64 kbps service not only the typical used spreading factor of 32 is considered, but also the spreading factor of 16. Draft simulation results indicate a lower Ec/Ior requirement for the lower spreading factor. Therefore, we show the memory requirements in Table 2.
In the last column we show the minimum UE capability class to support the respective assumptions. 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 headroom of 10%, e.g., a 384 kbps class UE can decode 384kbps * 1.1 = 422.4 kbps, in [1] we rounded it for simplification to 420 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). In agreement with [2] we take one S-CCPCH used for FACH with SF128. Furthermore we assume for the MTCH always 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 32 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

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

	MBMS RLs=1
	MTCH 
32 kbps,
1 RL
	64
	20
	2
	1800
	3000
	912
	64 kbps

	
	
	
	40
	2
	1800
	5400
	1584
	64 kbps

	
	
	
	80
	2
	1800
	10200
	2928
	64 kbps

	MBMS RLs=2
	MTCH 
32 kbps,
2 RLs
	64
	20
	3
	3000
	5400
	1584
	64 / 128 kbps*1)

	
	
	
	40
	3
	3000
	10200
	2928
	64 / 128 kbps*1)

	
	
	
	80
	3
	3000
	19800
	5616
	384 kbps

	MBMS RLs=3
	MTCH
32 kbps,
3 RLs
	64
	20
	4
	4200
	7800
	2256
	128 kbps

	
	
	
	40
	4
	4200
	15000
	4272
	128 kbps

	
	
	
	80
	4
	4200
	29400
	8304
	768 kbps


Table 2: 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

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

	MBMS RLs=1
	MTCH 
64 kbps
	32
	20
	2
	3000
	5400
	1584
	64 / 128 kbps*1) *2)

	
	
	
	40
	2
	3000
	10200
	2928
	64 / 128 kbps*1) *2)

	
	
	
	80
	2
	3000
	19800
	5616
	384 kbps

	MBMS RLs=2
	2 RLs
	32
	20
	3
	5400
	10200
	2928
	128 / 384 kbps*3) *4)

	
	
	
	40
	3
	5400
	19800
	5616
	384 kbps

	
	
	
	80
	3
	5400
	39000
	10992
	2048 kbps*5)

	MBMS RLs=3
	3 RLs
	32
	20
	4
	7800
	15000
	4272
	384 kbps

	
	
	
	40
	4
	7800
	29400
	8304
	768 kbps

	
	
	
	80
	4
	7800
	58200
	16368
	2048 kbps

	MBMS RLs=1
	MTCH 
64 kbps
	16
	20
	2
	5400
	10200
	1584
	128 / 384 kbps *3)

	
	
	
	40
	2
	5400
	19800
	2928
	128 / 384 kbps *3)

	
	
	
	80
	2
	5400
	39000
	5616
	384 kbps

	MBMS RLs=2
	2 RLs
	16
	20
	3
	10200
	19800
	2928
	384 kbps

	
	
	
	40
	3
	10200
	39000
	5616
	384 kbps

	
	
	
	80
	3
	10200
	77400
	10992
	2048 kbps*5)

	MBMS RLs=3
	3 RLs
	16
	20
	4
	15000
	29400
	4272
	384 kbps

	
	
	
	40
	4
	15000
	58200
	8304
	768 kbps

	
	
	
	80
	4
	15000
	115800
	16368
	2048 kbps


Table 3: 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

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

	MBMS RLs=1
	MTCH
128 kbps
	16
	20
	2
	5400
	10200
	2928
	128 / 384 kbps*3) *4)

	
	
	
	40
	2
	5400
	19800
	5616
	384 kbps

	
	
	
	80
	2
	5400
	39000
	10992
	2048 kbps*5)

	MBMS RLs=2
	2 RLs
	16
	20
	3
	10200
	19800
	5616
	384 kbps

	
	
	
	40
	3
	10200
	39000
	10992
	2048 kbps*5)

	
	
	
	80
	3
	10200
	77400
	21744
	---*6)

	MBMS RLs=3
	3 RLs
	16
	20
	4
	15000
	29400
	8304
	768 kbps

	
	
	
	40
	4
	15000
	58200
	16368
	2048 kbps

	
	
	
	80
	4
	15000
	115800
	32496
	--- 


In the tables the bold marked values always denote the limiting value why the UE class is needed. Remarks to Table 1, Table 2, and Table 3:
Note *1): The required UE capability class is 64 kbps for a UE which supports PDSCH, and 128 kbps for a UE which does not support PDSCH due to the different limitations for the maximum number of physical channel bits (frame buffer size). We do not consider the maximum number of DPCH/PDSCH/SCCPCH codes!
Note *2): This service can be supported by a 64 kbps class UE only if there is no or only a very low rate Rel. 99  SCCPCH.

Note *3): The required UE capability class is 128 kbps for a UE which supports PDSCH.
Note *4): This service can be supported by a 128 kbps class UE only if there is no or only a very low rate Rel. 99  SCCPCH (128 kbps are already needed for the MTCH only).

Note *5): 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 *6): see Note 5), but here for the limit of 20480 of the 2048 kbps class.

3. Support of 2 RLs using am MBMS with 64 kbps and 80ms TTI
In the last meeting (RAN WG1 Release 6 Adhoc, Espoo, January 2004), some discussion arose if it is possible to support 80 ms TTI and selective combining using a 384 kbps class UE. In the following, this will be explained in more detail.
3.1. Selective combining on the physical layer

As shown in [1] (Section 2.5), selective combining on the physical layer can only be performed if it is possible within the UE to perform the CRC check of the second radio link before storing some data in the outer decoded data buffer. Otherwise, the data of both radio links has to be stored which exhausts the maximum allowed decoded data buffer of 6400 bits for the 384 kbps UE class. Thus, it can not be stated in general that selective combining using 80 ms TTI is possible for a 384 kbps class UE (Release 4) designed very close to the constraints in [3]. If the requirement for the outer decoded data buffer would be increased from 6400 to 10992 bits it is possible (Memory increase of 574 bytes).
3.2. Selective combining on the RLC

A clear statement is not possible, it depends on the UE architecture. From the UE point of view several aspects have to be considered:

· TTI processing time,
· keeping of data in the TTI buffer during the TTI processing (shown in Figure 1),
· already having some data in the decoded data buffer before the TTI processing is finished (not shown in Figure 1),
· transfer time from the physical layer to the MAC.

Figure 1 is shown for demonstration. Here, two radio links are shown which start both at the same time. This is the worst case for selective combining on the RLC since typically “Turbo” decoding can not be done in parallel and thus, the decoding of the second radio link has to be delayed. Considering the timing we use the same assumptions as in [1] and repeat them her shortly:
· the TTI processing (mainly “Turbo” decoding) takes 4200 bit/10 ms which means around 12 ms with 80ms TTI and 64 kbps (5120 bit/TTI). Frame processing is set to a negligible time,
· the transfer to the MAC Layer would last more than 10 ms with the large block (5120 bits/TTI). For simplification an overall time for TTI processing and a MAC transfer of 3 frames is set,
· to avoid an overlap in the decoded data buffer the decoding of the second radio link is delayed until the first radio link is transferred to the MAC layer. Thus, the requirement for the decoded data buffer of 6400 bits can be met.
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Figure 1: Overview on buffer and processing times for 64 kbps MBMS with TTI length 80 ms and 2 radio links with no delay of the second radio link.
One can see (marked with red circle) that in the second frame (for the here described UE implementation) two full TTIs of the two radio links (TTI n-1) and one frame (1/8 TTI) of the next TTI (TTI n) of both radio links have to be stored. This leads to an overall storage of 2.25 TTIs. Similar problems may occur around the 5 or 6th frame (marked with the grey circle) of the second TTI if decoding and transfer to MAC lasts 4 frames instead of 3 frames. The memory needed for 2.25 TTIs with SCCPCH slotformat 10 leads to 43200 words and the requirement is 6.6*6400 = 42240. Thus it is a very little too small but it could be solved if the frame processing would be delayed for the second radio link by one frame.
Summarizing: Considering only the buffers and the worst case TTI processing time there exists a solution to decode two radio links of one 64 kbps MBMS using 80 ms TTI and one Rel.99 SCCPCH with 24 kbps and 10 ms TTI using a 384 kbps class UE. However, it needs a high scheduling effort to avoid the buffers overflows. Thus, from our point of view it can not be stated in general that all 384 kbps class UEs support 2 radio links with 80 ms TTI in a 64 kbps MBMS.
4. Conclusions

We presented in three tables the required buffer sizes for different MBMS rates (32, 64, 128 kbps) with different TTIs. We propose to include these tables into the TR. 

Furthermore we presented a solution which allows two radio links for a 64 kbps MBMS with 80 ms TTI not exceeding the buffer sizes for the 384 class UE. However, this needs a high scheduling effort within the UE which makes the approach maybe infeasible. A remark could be added in the TR.
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