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1. Introduction

In previous RAN1, 2 joint discussion, following was agreed: 

MBMS (radio bearer) bit rate x:  64kbps ≤ x ≤ 256kbps
To be further discussed in RAN1.

In this document, we discuss this minimum UE capability for MBMS capable UE. In addition, we propose the 6.6 times rule should not be applied for MBMS minimum UE capability.
2. Discussion
As the first step, we compared three MBMS bit rate: 64kbps, 128kbps and 256kbps.

Possible slot format in each bit rate

The relation between slot format and coding rate are shown as table 1. The odd number slot format is the format with pilot symbol. MBMS is applied to full cell coverage. Therefore we excluded them. 
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 


From above coding rate comparison, we set the possible slot formats for each MBMS bit rates. In MBMS, to reduce transmission power is important than to save the code resource. Therefore, we took relatively low coding rate. Following is the chosen slot formats.
64kbps MBMS:
Slot format 10
128kbps MBMS:
Slot format 12

256kbps MBMS:
Slot format 14

In following section, we discuss MBMS UE capability based on above slot format.
Size of maximum number of bits before de-rate-matching

After the intense debate of the discussion [1] [2] [3] in early 2000 at Boston, the size of maximum number of bits before de-rate-matching is specified as following in TS25.306.

the maximum number of bits before de-rate-matching as follows: The maximum number of bits before de-rate matching being received at an arbitrary time instant (DPCH, PDSCH, S-CCPCH) 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.
As discussed in [2], this limitation comes from following reason.
- Transport channel capability, i.e. "Maximum sum of number of bits of all transport blocks being received at an arbitrary time instant", specifies capability on "bit rate" x "TTI". Longer TTI means lower bit rate. Shorter TTI means higher bit rate.
- Physical channel capability, i.e. "Maximum number of physical channel bits received in any 10 ms interval (DPCH, PDSCH, S-CCPCH)", specifies capability as 10ms base.

- The size of maximum number of bits before de-rate-matching could be decided as 

"physical channel capability" x "maximum TTI length".
But this size is too much from transport channel capability.

- Therefore, it was agreed that the 6.6 times rule which uses transport channel capability specified in TS25.306.

In following, we calculate size of maximum number of bits before de-rate-matching from two approaches, i.e. from transport channel capability and from physical channel capability.
1) Calculation from transport channel capability
According to the agreement on the number of RL and TTI in last joint RAN1-2 meeting, transport channel capability at least minimum for MTCH is following:

Table 2: MTCH TrCH capability and MBMS service rate
	
	Cases
	MTCH TrCH capability

	64kbps MBMS service
	2RL x 80ms
	10240 bits (640x8x2)

	
	3RL x 40ms
	7680 bits (640x4x3)

	128 kbps MBMS service
	2RL x 80ms
	20480 bits (1280x8x2)

	
	3RL x 40ms
	15360 bits (1280x4x3)

	256 kbps MBMS service
	2RL x 80ms
	40960 bits (2560x8x2)

	
	3RL x 40ms
	30720 bits (2560x4x3)


2 RL and 80ms TTI case require more processing power. In following, we focus on 2RL and 80ms TTI case.
The size of the maximum number of bits before de-rate-matching when using 6.6 times rule is following:

Table 3: Size of the maximum number of bits before de-rate-matching from transport channel capability
	
	The size of the maximum number of bits before de-rate-matching

	64kbps MBMS service
	67584(=10240x6.6)

	128kbps MBMS service
	135168(=20480x6.6)

	256 kbps MBMS service
	270336(=40960x6.6)


2) Calculation from physical channel capability
According to the slot format we discussed before, the size of the maximum number of bits before de-rate-matching is following.
Table 4: Size of the maximum number of bits before de-rate-matching from physical channel capability
	
	The size of the maximum number of bits before de-rate-matching

	64kbps MBMS service
	36480 (=2280x8x2)

	128kbps MBMS service
	74880 (=4680x8x2)

	256 kbps MBMS service
	151680 (=9480x8x2)


From above comparison, the size based on physical channel capability is smaller than the size from transport channel capability. The reason is higher bit rate with smaller memory is not main concern for MBMS. As from the history of introducing 6.6 times rule, we don't see the reason to keep 6.6 rules for MBMS bearer service. Therefore, we propose that the size of the maximum number of bits before de-rate-matching for MBMS MTCH bearer is defined by physical channel capability and not to apply current 6.6 times rule.
In above comparison, we calculate minimum buffer size for the bits before de-rate-matching assuming zero decoding time. In reality, this size varies depending on processing time of FEC decoder and number of FEC decoding unit. In following we show some examples of additional buffer depending on UE decoder architecture.

1) 2RL/3RL is decoded within 10ms:

Additional buffer for 10ms physical channel bits data is required. 

2) 2RL/3RL is decoded within TTI with multiple decoders:

Twice the memory size from above calculation is required.

3) 2RL/3RL is decoded within TTI with single decoder:

Three times the memory size from above calculation is required.
These aspects are implementation specific choice. From the specification point of view, we focused minimum buffer size for the bits before de-rate-matching.
Comparison with HSDPA capability

In following we refer FDD HSDPA physical layer category table in TS25.306.
Table 5: FDD HS-DSCH physical layer categories
	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
	Total number of soft channel bits

	Bit rate

	Category 1
	5
	3
	7298
	19200
	1.2 Mbps

	Category 2 
	5
	3
	7298
	28800
	1.2 Mbps

	Category 3
	5
	2
	7298
	28800
	1.8 Mbps

	Category 4
	5
	2
	7298
	38400
	1.8 Mbps

	Category 5 
	5
	1
	7298
	57600
	3.6 Mbps

	Category 6
	5
	1
	7298
	67200
	3.6 Mbps

	Category 7
	10
	1
	14411
	115200
	7.2 Mbps

	Category 8
	10
	1
	14411
	134400
	7.2 Mbps

	Category 9
	15
	1
	20251
	172800
	10.1 Mbps

	Category 10
	15
	1
	27952
	172800
	14.0 Mbps

	Category 11
	5
	2
	3630
	14400
	0.9 Mbps

	Category 12
	5
	1
	3630
	28800
	1.8 Mbps


The size and usage of the maximum number of bits before de-rate-matching for MTCH MBMS is very similar to "total number of soft channel bits" in HSDPA physical layer category. When we compare these two, we observes following:
- 64kbps MBMS bearer require similar to category 4, i.e. 1.8Mbps terminal.
- 128 kbps MBMS bearer require higher capability than category 6, i.e. 3.6 Mbps terminal.

- 256 kbps MBMS bearer require almost similar to category 9, i.e. 10.1Mbps terminal.
MBMS has merit when almost all UE in the cell has this functionality. Cheaper design cost implies higher penetration rate of MBMS. Higher design requirement for UE means possible lower penetration of MBMS terminal. This degrades attractiveness of MBMS. Although considering Moore's Law, the doubling of transistors every couple of years [4], we think to set 256 kbps as minimum bit rate for MBMS makes MBMS unattractive. On the other hand, to set too low bit rate also spoils the attractiveness of MBMS. Therefore we propose 128kbps as minimum bit rate for MBMS terminal when selection combining is applied.
In above comparison, we calculated based on the selection combining with 2RL/3RL cases. In case of 1 RL, we would like to have further discussion on the possibility of 256 kbps as minimum bit rates.
3. Conclusion
In this document, we discussed the size of the maximum number of bits before de-rate-matching for MTCH MBMS. From the discussion we propose following:
- The size of the maximum number of bits before de-rate-matching for MTCH MBMS should be defined from physical channel capability and not be based on 6.6 times rule in TS25.306.

- The minimum UE capability for MBMS should be 128 kbps with selection combining.
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