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Discussion and Decision
1 Introduction

In RAN1#86bis, the following working assumptions were made –

· For 100% MBSFN subframe allocation FeMBMS carrier transmits a periodic subframe, CAS Cell Acquisition Subframe 

· To be confirmed or revisited at RAN1#87, including:

· CAS performance (including synchronization performance and link level performance of PDCCH and PDSCH), and capacity analysis, based on the definitions below should be evaluated to the next meeting; details of SI transmission in different system bandwidths should also be provided. 
· Consideration of FDM as an additional mode of operation if all the details (i.e. design, guard band size, specification impact, UE implementation impact analysis) and evaluations showing clear performance benefit (considering the performance targets) are presented at the next meeting

In this contribution, we evaluate the performance of FeMBMS using TDM (CAS) versus FDM mode of operation.

2 FeMBMS Performance
For the performance analysis, we consider FeMBMS performance under TDM using Cell Acquisition Subframe (CAS) and FDM modes of operation. The following assumptions were used –
· TDM (CAS) - CAS is always transmitted in subframe #0 with a period of 40ms. The other subframes are used for FeMBMS transmissions.
· FDM [1] – The center 6 PRBS are reserved in subframes #0 and #5. Two PRBs are also reserved as guard band to minimize interference from broadcast into unicast transmission. For instance, in 10 MHz, 8 PRBs are reserved and 42 PRBs can be used for FeMBMS transmissions in subframes #0 and #5.
Link-level performance is evaluated using the numerlogy for 200us extended cyclic prefix length. We used 15km ISD with corresponding cluster delays of 62.45us and 137.45us and the channel model from [2]. The system bandwidth was 10 MHz. The UE has 2 Rx antennas and a speed of 5 km/h was assumed. Three MCS levels were evaluated – TBS=9912 (16-QAM), TBS=14112 (16-QAM), and TBS=19848 (64-QAM). These different MCS levels correspond to different spectral efficiency from 1-2 bps/Hz.
Figure 1-Figure 3 illustrate link level performance for both TDM and FDM operation modes. In each figure, two curves are shown – performance for subframes other than #0 and #5, and performance for subframes #0 and #5 where FeMBMS transmission uses smaller number of PRBs. Performance for TDM mode is shown by the performance curves for subframes other than #0 and #5. From the figures, it can be seem that, in FDM mode of operation, performance for subframes #0 and #5 can degrade substantially due to puncturing. At the 1% BLER operating point, this loss can be as high as 3.5 dB for TBS=19848 due to coding loss. Thus, this will lead to some reduction in the spectral efficiency. In addition, depending on the actual SNR experienced by the UE, FDM may introduce periodic burst of errors in FeMBMS as performance can be significantly worse for subframes #0 and #5. For example, in the case of TBS=19848, if the received SNR at the UE is 14 dB, subframes #0 and #5 will have BLER of ~45% while other subframes will have BLER of ~2%.
Observation 1: Performance for subframes #0 and #5 may be significantly worse than for other subframes in FDM mode of operation.
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Figure 1. FeMBMS performance – TBS=9912 (16-QAM).
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Figure 2. FeMBMS performance – TBS=14112 (16-QAM).
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Figure 3. FeMBMS performance – TBS=19848 (64-QAM).
Table 1 illustrates throughput comparison between TDM and FDM modes of operation. Throughput is calculated taking the overhead (e.g. 1 subframe out of 40 for TDM) and link-level performance into account. The operating SNR was taken from approximately the 1% BLER operating point for the TDM mode of operation. 
Table 1. Throughput comparison between TDM and FDM modes of operation.
	MCS
	Operating SNR
	TDM
	FDM

	TBS=9912 (16-QAM)
	8.0 dB
	9.42 Mbps
	9.23 Mbps (-2.0%)

	TBS=14112 (16-QAM)
	10.5 dB
	13.75 Mbps
	13.25 Mbps (-3.6%)

	TBS=19848 (64-QAM)
	14.2 dB
	19.16 Mbps
	18.26 Mbps (-4.6%)


From the table, it is seen that TDM outperforms FDM slightly from a throughput perspective (up to ~5% better). This difference is dependent on the MCS level, with the expectation that degradation will be larger for higher MCS level.
Observation 2: TDM mode of operation can deliver higher FeMBMS throughput than FDM.
3 Conclusions

In this contribution, we consider link-level FeMBMS performance for TDM and FDM modes of operation and make the following observations –

Observation 1: Performance for subframes #0 and #5 may be significantly worse than for other subframes in FDM mode of operation.

Observation 2: TDM mode of operation can deliver higher FeMBMS throughput than FDM.
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