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1 Introduction

One of the objectives of single-cell point-to-multipoint transmission (SC-PTM) study item [1] is to investigate whether uplink (UL) feedback is necessary to achieve the required performance targets. In this document, we evaluate the performance of different UL feedback schemes for PTM transmission and we compare it against the performance of unicast and Multimedia Broadcast Single Frequency Network (MBSFN) using simulative investigations. 

2 Discussion

2.1 Simulated Transmission Schemes

The following transmission schemes have been evaluated:

· Scheme 1: Unicast transmission with link adaptation using Inner Loop Link Adaptation (ILLA) and Outer Loop Link Adaptation (OLLA) processes.

· Scheme 2: SC-PTM without UL feedback. UEs receiving PTM service report neither CQIs nor HARQACK/NACK. The MCS is selected such that 95% coverage is ensured with 1% BLER.

· Scheme 3: SC-PTM with CQI and HARQ ACK/NACK feedback. Only ILLA is performed based on the worst CQI reported from the UEs receiving PTM. Retransmission is performed if one of the UEs receiving PTM reports a NACK.

· Scheme 4: SC-PTM with CQI feedback only. Similar to Scheme 3, ILLA is performed based on the worst CQI    

reported from the UE receiving PTM. Due to the lack of HARQ ACK/NACK, re-transmissions are not allowed, and consequently, achieving 95% coverage with 1% BLER is not possible using only the ILLA process. When the number of UEs receiving PTM and providing CQI feedback is low, the application of the same ILLA as in Scheme 1 and Scheme 3 results in the selection of MCS which is not robust enough for this scheme. To overcome this problem, we propose to bias the reported CQI values by an offset that is dependent on the number of UEs receiving PTM. The offsets are selected such that 95% coverage is ensured with 1% BLER. This biasing of the CQIs for PTM transmission is denoted by enhanced Outer Loop Link Adaptation (eOLLA) for PTM.

· Scheme 5: MBSFN transmission. 
2.2 Simulation Scenario and Parameters

The simulation scenario consists of 19 tri-sectored eNodeBs as shown in Fig, 2 of the Appendix. For all transmission schemes, the statistics are collected from the center eNodeB. The MBSFN network simulated in Scheme 5 consists of the center eNodeB and the first tier, i.e., 6 neighboring eNodeBs, whereas the eNodeBs of the second tier generate interference. The MBSFN covers approximately 18 square kilometres and is shown in Fig. 2.  For Scheme 3, the optimal offsets are used for eOLLA.

The simulation parameters used in the evaluation are summarized in the Appendix.

In the simulation, there is one group/MBMS bearer received by a group of 2, 4, 6, 8, 10, 15 or 20 UEs in a similar way to [2].

2.3 Simulation Results

The spectral efficiency of each of the aforementioned scheme is shown in Fig.1 as a function of number of UEs in the group. 
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Figure 1: Spectral efficiency expressed in bits/s/Hz as a function of the number of UEs in the group for the five investigated transmission schemes.

According to the figure, the spectral efficiency of SC-PTM schemes requiring UL feedback decreases with increasing number of UEs. This is because the higher the number of UEs in the group, the lower the MCS is and in turn SE. For SC-PTM without UL feedback and MBSFN, the spectral efficiency is independent of the number of UEs. In addition, the spectral efficiency of unicast decreases with increasing number of UEs because more UEs share the available radio resources.

SC-PTM without UL feedback outperforms the unicast transmission as long as the number of UEs in the group is greater than 6. Moreover, the gain increases with increasing number of UEs in the group since more UEs would receive simultaneously the multicast transmission. However, the performance of SC-PTM improves significantly if CQI and/or HARQ ACK/NACK feedback is used. The gain from using UL feedback in SC-PTM decreases gradually with increasing number of UEs since the selection of the MCS and the re-transmission are determined by the radio link conditions of the worst UE in the group.

SC-PTM with CQI feedback and eOLLA has a similar performance to SC-PTM with CQI and HARQ feedback with slight performance degradation for number of UEs less than 15. As such, the usage of HARQ ACK/NACK feedback and retransmissions are not justified if eOLLA with optimized offsets is applied for PTM. Not relying on HARQ ACK/NACK feedback and retransmissions for SC-PTM can also simplify the design of this feature.
MBSFN transmission achieves the highest spectral efficiency for number of UEs equal or greater than 4. For a group of 20 UEs, the spectral efficiency of MBSFN is almost double of that achieved by SC-PTM with UL feedback.

3 Conclusion

The simulation results have shown that SC-PTM with CQI feedback and eOLLA can achieve a very similar performance to SC-PTM with CQI and HARQ ACK/NACK feedback. As such, the complexity from introducing HARQ ACK/NACK to SC-PTM cannot be justified if eOLLA with optimized offsets is applied.

Observation: The spectral efficiency of MBSFN transmission, in particular when the number of receiving UEs is 4 or greater, is significantly higher than the spectral efficiency of SC-PTM. 
Proposal: Discuss whether to support only CQI feedback with eOLLA for SC-PTM instead of HARQ ACK/NACK feedback and retransmissions.
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5 Appendix

Table 1: Simulation Parameters.
	Parameter
	Value

	Network Layout
	19 three-sectored eNodeBs

	Frequency
	800 MHz

	Bandwidth
	10 MHz

	Inter-Site Distance
	1732 m

	Base Station Height
	32 m

	Base Station Transmit Power
	40 W

	Base Station Antenna Gain
	14 dBi

	UE Height
	1.5 m

	UE Antenna Gain
	0 dBi

	UE Speed
	3 km/h

	UE Distribution
	Randomly and uniformly distributed

	Penetration Loss
	0 dB

	Shadowing
	Std. 8 dB

Full correlation between sectors of same site and 0.5 correlation between sites

	Fast Fading
	Jakes’ model

	Traffic Model
	Full buffer

	Number of OFDM Symbols Reserved for PDCCH
	2

	Subframe Usage for MBSFN
	60 %

	Antenna Configuration
	1x2

	Maximum Number of Retransmissions
	4
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Figure 2: Site (cell) layout and MBSFN configuration.
