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1
Introduction

In LS R1-063598, RAN2 asks RAN1 to provide information on the relative efficiency in average for the following radio configurations (when referring to a single cell):



Technique 1:
Normal PTP Radio Bearer (for one UE)



Technique 2: 
SFN soft combining



Technique 3:
Single cell PTM – No Interference Co-ordination of neighbour cells



Technique 4:
Single cell PTM – UE providing Uplink ACK/NACK feedback 



Technique 5:
Single cell PTM – Interference reduction by not transmitting on neighbour cells
This contribution is aimed at providing some answers to this question. In addition, we study Technique 6: combining the use of retransmissions and link adaptation in single-cell PTM transmission.
2
Simulation assumptions
The following assumptions were made in all the addressed cases:
· System bandwidth: 10MHz 

· ISD=1732m (known as Case 3) 

· Full buffer (separate buffers for each PTP bearer)

· Real channel estimation: 2D Wiener filter

· Turbo coding

· QRDM receiver

· 2x2 STTD

· Where link adaptation (AMC) applies, the following combinations were used:


	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK
	16-QAM
	16-QAM
	16-QAM

	Code rate
	0.3515
	0.4205
	0.4845
	0.559
	0.639
	0.361
	0.4385
	0.49275



Where AMC does not apply, 16-QAM 1/2 was used.
· Where HARQ applies, errorless UL feedback was assumed, and the maximum number of retransmissions was 4.

· Number of receiving terminals varied between 1 and 6 (relevant from HARQ, AMC and packet scheduling point of view)

In addition, the following Technique-specific assumptions apply:


Technique 1:
Normal PTP Radio Bearer (for one UE)

· AMC and HARQ enabled

· Proportional Fairness -packet scheduling (also in frequency domain)


Technique 2: 
SFN soft combining

· SFN formed by 19 cells = 57 sectors, UEs located in the center cell.
· No HARQ or AMC


Technique 3:
Single cell PTM – No Interference Co-ordination of neighbour cells

· NOTE: single cell meaning single sector in the center eNodeB

· No HARQ or AMC


Technique 4:
Single cell PTM – UE providing Uplink ACK/NACK feedback 

· If any UE sends NACK, the packet is retransmitted on the common resource



Technique 5:
Single cell PTM – Interference reduction by not transmitting on neighbour cells

· No HARQ or AMC

· The two neighbour sectors and one tier of surrounding cells are muted.



Technique 6:
Single cell PTM – Both HARQ and AMC according to uplink feedback 

· If any UE sends NACK, the packet is retransmitted on the common resource

· The MCS (used on the whole frequency band) is selected according to the worst reported CQI.

The studied quantity was the average spectral efficiency of data delivery to terminals randomly scattered over a single sector. 
3
Simulation results
Figure 1 shows the scaled mean throughputs per UE using each of the five techniques: each sample was the throughput of correctly received packets averaged over the receiving UEs in the given realization. Some clarifying comments follow.
Technique 1. Because the separate buffers and the use of the radio resource according to PF-scheduling resulted in different overall data rates for different UEs, the obtained average spectral efficiency is to some extent overweighted by the higher data rates representing more efficient radio resource utilization (except in the case of one UE only).

Techniques 2 and 5. In these two scenarios, the used MCS has been the same, and the SINR (and hence BLER) distribution over the receiving terminals has been only slightly better in Technique 2; the main difference stems from the ratio of data symbols (8:10) in use in these two scenarios. However, when comparing on a larger scale, the cost in resource utilization of the interference coordination in Technique 5 should be taken into account. (It then naturally follows that Technique 2 is more efficient in delivering a service to a contiguous group of cells.)
Techniques 4 and 6, especially the former, suffer from the fact that as the number of UEs increases, it is very likely that a UE in very poor reception conditions determines the spectral efficiency of the transmission. Since the MCS has been fixed in Technique 4, the radio resource easily ends up being used for repeated retransmissions (which, in the end, may or may not be correctly received by every UE).
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Figure 1: Average spectral efficiency of different MBMS transmission techniques
4
Conclusion
This contribution addressed some of the questions posed in [1], with the addition of one more technique. In conclusion:

· When observing the efficiency of a single cell, SFN outperforms PtP already for one user. 
· Adapting a single-cell PtM-transmission according to feedback from any terminal is problematic in cases where interference coordination is not used to guarantee reasonable reception conditions at cell edge.
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