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1/ Introduction

At RAN1/RAN2 ad hoc in Malaga in February 2004, following decisions were made [1]:
· 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
This paper discusses the above open issue i.e. what should be the value of MBMS (radio bearer) bit rate, taking into account two main factors:
· Factor1: MBMS solutions to be adopted should minimize the impact on the RAN physical layer and maximize reuse of existing physical layer and other RAN functionality [2].

· Factor2: The urgency of early introduction of MBMS service in Rel-6 time line. 
2/ Discussion

The structure of this section is follow. 
Firstly, a brief review of common architecture of a conventional 384kbps UE is given. In this review, key parameters that define the complexity of the conventional UE and their approximate values are identified. 
Secondly, complexity analysis for a MBMS UE supporting different bit rates (64, 128 & 256 kbps) is provided. Complexity is expressed in terms of the values of key parameter as mentioned above assuming
 that a MBMS UE would have similar architecture as the conventional UE. The analysis is done for configuration of 1 S-CCPCH (carrying 24kbps dedicated PCH) and n S-CCPCHs (carrying MBMS data on n radio links) which requires most of the UE hardware resource comparing to the other configurations.        

2.1 Common architecture and key parameters of conventional 384kbps UE

Common architecture of a conventional UE is presented in Figure 1
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Figure 1: Common architecture of a conventional UE
The key parameters defining the complexity of this architecture are:

1. Frame buffer size (K)

2. TTI buffer size (A*6.6)

3. Decoded buffer size (A)

According to [3], for conventional 384kbps UE, A=6400, A*6.6=42240 and K=19200.

2.2 Complexity analysis of MBMS UE

Complexity analysis of MBMS UE with different bit rates is summarized in Table 1 below (see Annex for full analysis). In this table, some of the parameters such as spreading factor, transport block size are taken from [4] for typical PS RAB configuration. Total buffer size for (1+n) S-CCPCHs is calculated as

1. Frame Buffer Size = 38400/SF*2*n +600
2. TTI Buffer Size = 38400/SF*2*n*TTI/10 +600
3. Decoded Buffer Size = 336*Bit Rate/32*TTI/10+256

Note: for S-CCPCH carrying 24kbps PCH, frame buffer size = TTI buffer size = 600, decoded buffer size = 256.

Table 1: Complexity analysis of a MBMS UE
	Bit Rate
	TTI
	SF
	Frame Buffer Size
	TTI Buffer Size
	Decoded Buffer Size

	
	
	
	1RL
	2RLs
	3RLs
	1RL
	2RLs
	3RLs
	1RL
	2RLs
	3RLs

	256
	80
	8
	10200
	19800
	
	77400
	154200
	
	21760
	43264
	

	256
	40
	8
	
	
	29400
	
	
	115800
	
	
	32512

	128
	80
	16
	5400
	10200
	
	39000
	77400
	
	11008
	21760
	

	128
	40
	16
	
	
	15000
	
	
	58200
	
	
	16384

	64
	80
	32
	3000
	5400
	
	19800
	39000
	
	5632
	11008
	

	64
	40
	32
	
	
	7800
	
	
	29400
	
	
	8320

	384kbps UE capability
	19200
	42240
	6400


Note: Red text means that value exceeds that of the conventional 384kbps UE. 

From Table 1, it can be seen that

· Decoded buffer required by a MBMS 64kbps UE has already exceeded that by a conventional 384kbps UE (11008 vs. 6400)

· MBMS 128kbps UE requires almost double TTI buffer size (77400 vs. 42240) and triple decoded buffer size (21760 vs. 6400) comparing to a conventional 384kbps UE.

· When specifying MBMS UE capability, minimum SF needs to be considered together with maximum TTI and minimum Bit rate. 

Another issue is that from Table 2 below, the rule “maximum number of bits before de-rate matching being received at an arbitrary time instant 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” in [3] is no longer applicable since MBMS UE uses a buffer with size as twice as smaller than that obtained by this rule.
Table 2: Compare required TTI buffer size and TTI buffer size according to “6.6” rule

	Bit Rate
	TTI
	SF
	Required TTI Buffer Size
	TTI Buffer Size “6.6” rule
	TTI 6.6/TTI required

	
	
	
	1RL
	2RLs
	3RLs
	1RL
	2RLs
	3RLs
	1RL
	2RLs
	3RLs

	256
	80
	 8
	77400
	154200
	
	143616
	285542
	
	1.9
	1.9
	

	256
	40
	 8
	
	
	115800
	
	
	214579
	
	
	1.9

	128
	80
	16
	39000
	77400
	
	72653
	143616
	
	1.9
	1.9
	

	128
	40
	16
	
	
	58200
	
	
	108134
	
	
	1.9

	64
	80
	32
	19800
	39000
	
	37171
	72653
	
	1.9
	1.9
	

	64
	40
	32
	
	
	29400
	
	
	54912
	
	
	1.9


3/ Conclusion and recommendation
From the analysis, Factor1 and Factor2, followings are recommended to be taken into account when specifying minimum capability for MBMS UE: 
1. From UE cost point of view and the necessity of early introduction of MBMS service to market, radio bearer bit rate of 64kbps should be selected. 

2. When specifying UE capability, in addition to maximum TTI and maximum bit rate, minimum SF need to be taken into account i.e. for 64kbps, minimum SF is 32.  
3. The rule “6.6” in [3] should be changed. 
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5/ Annex

Table 3: Full analysis of MBMS UE capability

	Bit Rate
	TTI
	SF
	Frame Buffer Size
	TTI Buffer Size
	Decoded Buffer Size

	
	
	
	1RL
	2RLs
	3RLs
	1RL
	2RLs
	3RLs
	1RL
	2RLs
	3RLs

	256
	80
	8
	10200
	19800
	29400
	77400
	154200
	231000
	21760
	43264
	64768

	256
	40
	8
	10200
	19800
	29400
	39000
	77400
	115800
	11008
	21760
	32512

	256
	20
	8
	10200
	19800
	29400
	19800
	39000
	58200
	5632
	11008
	16384

	128
	80
	16
	5400
	10200
	15000
	39000
	77400
	115800
	11008
	21760
	32512

	128
	40
	16
	5400
	10200
	15000
	19800
	39000
	58200
	5632
	11008
	16384

	128
	20
	16
	5400
	10200
	15000
	10200
	19800
	29400
	2944
	5632
	8320

	64
	80
	32
	3000
	5400
	7800
	19800
	39000
	58200
	5632
	11008
	16384

	64
	40
	32
	3000
	5400
	7800
	10200
	19800
	29400
	2944
	5632
	8320

	64
	20
	32
	3000
	5400
	7800
	5400
	10200
	15000
	1600
	2944
	4288

	384kbps UE capability
	19200
	42240
	6400


� Note that this assumption is valid according to Factor1.
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