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1. Introduction
Following has been agreed so far as the minimum UE capability for MBMS services:

· 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 for selection combining: 
· 1 RL with max 80ms TTI

· 2 RL with max 80ms TTI

· 3 RL with max 40ms TTI 

· Maximum S-CCPCH rate

· 64-256 kbps

The maximum data rate to be supported by MBMS UE is still an open issue. Some companies have proposed that for MBMS to be a competitive service, the data rate should be 256Kbps while others are of the view that for early introduction to the market, MBMS UE should support 128Kbps and some have even proposed 64Kbps. Support of soft combining has also come under discussion and it was proposed in [1] that to allow soft combining, the UE receive window could be extended to 5ms. In this contribution, we continue the discussion on the MBMS data rates and support of soft combining as UE capability. 
2. Summary of Simulation results

We ran simulations for 256Kbps and 128Kbps S-CCPCH with 40ms and 80ms TTI lengths and simulated the effects of MRC and selection combining to analyse the Node-B power requirements. The performance curves and simulation parameters are in the annexes.

	                  Table 1: Summary of results for 1% BLER, Case-2, 3Km/hr, Ec/Ior=-3db      

	
	
	Ec/Ior (% of DL Power)

	Data Rate
	TTI Length(ms)
	Single RL
	MRC (2RL)
	SC (2 RL)

	256Kbps
	80
	-1.1db (79%)
	-5.0db (31.6%)
	-3.5db (44.6%)

	256Kbps
	40
	-0.5db (89%)
	-4.0db (39.8%)
	-2.5db (56%)

	128Kbps
	80
	-4.3db (37%)
	-9.2db (12.0%)
	-8.0db (15.8%)

	128Kbps
	40
	-2.8db (52.4%)
	-6.5db (22.4%)
	-5.2db (30.2%)


3. Impact on UE Memory 
As observed in the previous section, Selection combining and MRC soft combining can reduce the Node-B power requirement significantly. But there are impacts on UE memory requirements if high data rates are to be supported.
Table-1 considers the conventional 384Kbps UE memory capabilities and compares it with the new requirements if 256Kbps and 128Kbps data rates are supported along with selection combining.    

                                                                 Table 2: Memory impact of 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
	10200
	19800
	29400
	39000
	77400
	115800
	11008
	21760
	32512

	128
	80
	16
	5400
	10200
	
	39000
	77400
	
	11008
	21760
	

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

	64
	80
	32
	3000
	5400
	
	19800
	39000
	
	5632
	11008
	

	64
	40
	32
	
	
	7800
	
	
	29400
	
	
	8320

	384kbps UE capability
	19200
	42240
	6400


Note: Highlighted text indicates that value exceeds that of the conventional 384kbps UE. 
4. Soft combining
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Soft combining could be done at symbol level before TrCH demultiplexing stage. In [2], LLR combining was proposed at TrCH level but we are not sure about its detailed operation and the complexity impacts. 
Based on the simulation results in section 2, it can be seen that MRC will outperform SC. The main issue is that timing of radio links may not be within the current UE receive window of 296 chips. In [1], it was proposed to extend the UE receive window size to 19200 chips in order to allow more possibilities of MRC. It is not clear what will be the benefit of such extension in real networks. On the other hand, we think that this may have significant impact on the UE buffer requirements. However, a tighter requirement of around 1ms may be a good compromise.
If the timing is synchronized enough, then MRC should be performed. A likely scenario for synchronization to be tight is between sectors of the same Node-B and looser between sectors of different Node-Bs. Therefore, it would be optimum for the UE to have the capability to perform both SC (inter Node-B RLs) and MRC (intra Node-B RLs). The type of combining to be performed by the UE could be signaled by the network based on the radio link synchronization status.  
We think that if there is a common view about the feasibility of MRC, then it should be mandatory at the UE side. If MRC is optional, then cell planning will be difficult since link budget calculations cannot take into account soft combining gain for all UEs at the edge of the cells. 
5. Summary and Recommendations
In this contribution, we presented power requirements in DL for 256Kbps and 128Kbps MBMS data rates taking in to account selection combining and MRC soft combining gains. We have also analyzed the UE memory impacts due to longer TTI and selection combining for high data rates. Then we discussed the possibilities of introducing MRC soft combining. Based on the discussions, we would like to make following recommendations:

· 256Kbps should be defined as the maximum bit rate for MTCH. 

· Maximum TTI should be defined as 80ms.
· UE memory capability should be defined to support combination of 256Kbps/40msTTI/2RL SC or 128Kbps /80ms TTI/2RL SC. 

· We have seen significant benefits from MRC. Soft combining could be performed at physical channel level or at transport channel level after TrCH demultiplexing stage. At this point, we prefer the former since the complexity impacts of doing soft combining at TrCH level are not clear. 

· If soft combining is to be included in Release-6 UE, then any complexity impact should be minimized. Simultaneous use of selection combining and soft combining should be avoided as it will have significant impacts on UE memory requirements.
· If there is no agreement to include MRC in Release-6, then it should be considered further as an enhancement for future releases.

Appendix

	Parameter
	Value

	S-CCPCH slot format
	14,12

	SF
	8,16

	Transport Block Size
	Varied

	TTI
	40,80ms

	CPICH Ec/Ior
	-10 dB

	PICH_Ec/Ior
	-15 dB

	     PCCPCH_Ec/Ior
	-12 dB

	Tx Ec/Ior 
	Varied

	OCNS
	Used to sum total Tx Ec/Ior to 1

	Geometry
	-3 dB

	Channel estimation
	Enable

	Power Control
	Disabled

	Channel – 3 kph
	Case 2 (25.101)

	No. of RLs for Selection combining
	2

	No. of RLs for soft combining
	2
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Annex A:  Simulation Results
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