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1. Summary and recommendations

MBMS UE capability discussions so far have excluded the simultaneous use of LLR (also called “partial”) soft combining and selection combining.  RAN2 have recently asked [
] if this mixed combining could be supported in layer one.  We investigate the performance gains of mixed combining and consider its impact on UE capability.  We observe:
· Given that selection combining is possible only for cells under the same RNC, scenarios where a mix of soft and selection combining is needed are not obvious.  This makes it difficult to model and to quantify performance gains.

· In Vehicular A (a channel model representative of urban macro cellular conditions [
]), bounds of gain from simultaneous soft and selection combining vary from negligible to as much as 2 dB.  The actual amount of gain would vary heavily depending on the distribution of cells that can be soft combined.

· There seems to be no need to significantly alter UE capability to support this behavior.  Since 3 selection combined radio links consume as much or more soft and RLC buffer memory than 2 soft + 1 selection combined links, support for mixed combining could be possible by matching the capability for selection combining.  This would limit the mixed reception to spreading factors 16 and higher (taking into account TTI size).

We conclude that there is a possibility of gain from mixed soft and selection combining under some circumstances, but hesitate to recommend its use without a more clear understanding of the network conditions where it is needed and the performance gains in those conditions.   Therefore, we do not oppose the support for mixed soft and selection combining if the impact of its addition is minimal, especially provided it does not increase minimum UE capability requirements.   We do not think mixed combining should be mandated in the UE or assumed for UE performance specifications given this absence of clear gains.  If RAN1 agree to mixed combining, then UE capability could be clarified to permit, but not require, its use.

2. system level simulations

It is difficult to model a system where some cells can be soft combined and some only selection combined, since it is not clear what prevents the network from being able to transmit signals that can be soft combined.  This means we can’t decide between the two basic possibilities: either cells that can be soft combined tend to be geographically close to each other (producing regions of soft combinable cells), or they are mixed in more randomly with cells that can’t be soft combined.  

Due to this difficulty, we resort to the use of bounds to simplify the simulations, and that should be relatively independent of soft combining cell distribution possibilities.  We assume that each UE at a given position in the cell may always soft combine cells at a fixed order of relative strength.  More specifically, the simulation ranks the average cell power received at each position in the cell and applies hysteresis.   The serving cell, which (in the nominal case without hysteresis) is the strongest, is labeled #1, the next strongest is #2, etc.  Two extremes of performance are considered: where cells #1 and #2 are soft combined, but #3 is selection combined, and where #1 and #3 are soft combined, and cell #2 is selection combined. The gain from selection combining is an upper bound in the first case, and a lower bound in the second case.  Note that it would of course be possible to selection combine the strongest link, and soft combine the two next strongest, but this case does not seem relevant, since we do include cell hysteresis, and since the serving cell must be combinable with neighbor cells.

We model the use of a single physical channel (S-CCPCH) per cell.  The system parameters are shown in the Appendix.  Note that we use the ITU vehicular A channel model, as it has been agreed for MBMS that other channel models such as ITU Pedestrian A are not representative of urban macro cells [2].

Figure 1 compares soft combining 2 branches to mixed combining with 2 soft combined branches and 1 selection combined branch.  The single radio link and 3 soft combined link cases are provided for reference.  Both bounds are considered: where cells #1 and #2 can be soft combined, and where cells #1 and #3 can be soft combined. We see that when cells #1 and #2 can be soft combined, the gain from selection combining cell #3 is a few tenths dB at 90 or 95% coverage.  However, when cells #1 and #3 only can be soft combined, the gain from selection combining cell #2 is about 2 dB.  Therefore, the potential gain from selection combining heavily relies on the soft combining cells being weak relative to the selection combined cell.  Since we have no model of the geographic distribution of soft and selection combinable cells, it is quite difficult to know if this condition is prevalent enough to improve coverage.  Nevertheless, it does seem possible that there are conditions where there is significant gain.
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3. Link level simulations

In order to better understand the system level results, we investigated link level behavior.  We consider a case where the links are received at 0, -3, and –6 dB imbalance, as this should be fairly indicative of behavior near the cell edge, and adequate for qualitative study.  
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The results are shown above for the cases where the two strongest or the two weakest cells are soft combined; the remaining link is also selection combined in 2 cases.  Note that soft combining the two weakest cells is reasonable in the case where hysteresis prevents the serving cell from being the strongest.  We observe that when the two strongest cells can be combined, there is negligible gain from selection combining, but when only the weakest links can be soft combined, mixed combining can provide about 2.5 dB gain over soft combining the two links.  These two cases are similar to the cases we found in the system level, although combining the two weakest is less obviously correlated.  We suspect that the significant gain in the system simulations from combining cells #1 and #3 comes at least in part from hysteresis forcing cell #1 to be weaker than the other cells, where we observe from the link simulations that there is significant gain.

4. References

5. APPENDIX: SIMULATION ASSUMPTIONS

Parameters used to compute the geometry are:

	Parameter
	Explanation/assumption
	Comments

	Cellular layout
	Hexagonal grid, 3-sector sites
	57 sectors (3 rings)

	Simulation type
	Snapshot
	

	Cell radius
	1000 meters
	

	Antenna Pattern
	Gain=min (12((/(3dB)^2,20)
	Front-to-back-ratio=20dB

Half-power-beamwidth=70( 

	Propagation Model
	PL=128.1+37.6log10(d)
	D in Km

	Lognormal std.
	8dB
	

	Correlation between sectors
	1
	

	Site-to-site correlation
	0.5
	

	Carrier frequency
	2GHz
	

	BS antenna gain
	14dB
	

	Noise
	None
	Assuming interference limited

	BS total power 
	17Watts or 42.3dBm
	

	Antenna Bore-sight 
	points toward flat side of cell.
	

	Handover Hysteresis
	3 dB
	


Parameters used to compute the coverage are:

	Parameters
	Value

	Channel
	Vehicular A 

	Spreading Factor
	32

	Mobile Speed
	3 km/h

	Channel Estimation
	Ideal

	Channel Coding
	Turbo, QPSK, 3GPP Rate matching

	Receiver
	Ideal Rake

	Interleaver Frame Size
	80ms

	FER Requirement for Coverage
	1%




































































































































































[�]	RAN2, “Reply LS to MBMS UE capability (R1-041253) and Multiplexing options for MBMS (R1-041255)”, TSGR2#44(04)2275, Sophia Antipolis, France, October 4-8, 2004


[�]	3GPP TS 25.803, “S-CCPCH performance for MBMS”, rev 1.4.1, section 4.1
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