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1. Introduction
In RAN4 #77, a WF for TM9 PDSCH + MBSFN performance study has been approved to support 4-layers [1] and the legacy 2RX as well [2]. During the meeting, it was commented that benefit of MBSFN configurations for TM9 subframe is not clear, RAN4 decided to start performance investigation on how much gain or benefits could be made from the MBSFN subframe configuration in TM9.
The original motivation of the study is to evaluate performances when transmitting PDSCH to DMRS-TM UEs with 4-TX AP BSs. As the previous discussions on the 4-layer support, 4-CRS-APs configurations with TM9 increase reference signal overheads, which leads to performance degradation due to weak code rates. As a solution, 2-CRS-AP configurations with 4-TX may reduce reference signal overheads, in the meantime, it limits benefits to the legacy CRS-TM UEs and control channel performance, because the legacy UEs have to be connected only with 2x2 MIMO setup. MBSFN subframe configurations may be a possible solution for effective TM9 transmission, as addressed in WF [1], the performance benefits needs to be further investigated. 
The WF in [1] on MBSFN study captures :
· TM9 MBSFN subframe performance tests with 4Rx
· Use test configuration for TM9 4 layer test that was agreed in 4 Rx WI
· Test 3: 4 layer, TM9,4x4 low, EPA5, followed wideband PMI
· MCS=14
· Compare PDSCH throughput for following options
· Option 1: No MBSFN subframes are configured (same as existing test configuration)
· Option 2: 6 of 10 subframes are configured as MBSFN subframes with PDSCH transmissions
· Other scenarios are not precluded
Also, TM9 with MBSFN with 2-RX performance investigation has been listed in [2] as
· Evaluate TM9 tests with PDSCH configured in MBSFN subframes with 2Rx under TEI13
In this contribution, we analyze TM9 + MBSFN performances and discuss pros and cons.
2. TM9 MBSFN Configuration
In DMRS TMs, CRS-APs do not need to be configured as many as the number of TX antennas. This is one way to reduce CRS RE overhead in TM9 in a BS. Recalling back to the CRS-TM 4-layer support discussion, a deployment issue has been identified, because the other CRS-based TMs cannot enjoy the 4-TX benefits in such deployment. TM9 reference signal overhead issue was the main reason triggering discussion of enabling CRS-TM 4-layer support.
Nevertheless, 3GPP RAN groups have studied actively on DMRS-TMs to improve CRS-TMs’ issues. Especially, DMRS-TMs has advantages especially under interference circumstances. DMRS TMs ease the CRS interference issues between cells, and DMRS can effectively read interference covariance matrix no matter it is colliding CRS or non-colliding CRS, also CSIRS configurations can help accurate CSI measurements under interference circumstances. 
Although DMRS TMs have such key advantages, these advantages are limited to DMRS-TM only networks. Once considering cell deployments using both CRS-TMs and DMRS-TMs UEs, problems are not simple. Indeed, at least in LTE-A systems, it is hard to give up CRS usages completely for demodulation and estimation purposes, even though we are researching DMRS-TMs schemes for future advanced networks.

MBSFN subframe configurations can be one of possible solution for DMRS TMs. TM9 subframe with MBSFN can be transmitted without CRS RE allocations in PDSCH regions. This definitely improves TM9 transmission efficiency with more PDSCH RE allocations. It is worthy to study how much gain can be expected from TM9 + MBSFN.
First, we share our observations based on simulation results. In order to investigate performance benefits, we compare performances of  

· TM9 performance with MBSFN subframe
· TM9 performance (non-MBSFN subframe)

· TM4 performance

The simulation conditions and TBS are given in Table 1 and Table 2.
Table 1 : Simulations conditions
	Parameters
	TM9
	TM4

	Channel bandwidth
	10MHz
	10MHz

	Duplex mode
	FDD
	FDD

	PDSCH transmission mode
	TM9
	TM4

	MIMO configuration
	4x4
	4x4

	Number of CRS ports
	(i) 2 CRS-ports
(ii) 4 CRS-ports
	4-CRS-ports

	CSI-RS
	4 NZP-CSI RS ports in SF2
	None

	RB Allocation
	Full 50RBs
(RB0–RB20 and RB30–RB49 in SF0)
	Full 50RBs

	CFI
	2
	2

	Channel/Doppler
	EPA-5Hz Low
	EPA-5Hz Low

	CSIFB
	Fixed RI=4
Random PMI
	Fixed RI=4
Random PMI

	MCS
	MCS14
	MCS14

	Max. Throughput
	45Mbps
	45.2Mbps


Table 2 : TBSs and coderates with MCS14 for TM9 and TM4 with MBSFN subframes simulations
	 
	 
	SF0
	Others

	TM
	#CRS APs
	TBS
	Coderate
	TBS
	Coderate

	TM9
	4-APs
	21384
	0.63
	25456
	0.64

	TM9
	2-APs
	21384
	0.60
	25456
	0.61

	TM9
	0-AP
(MBSFN SF only)  
	N/A
	25456
	0.53
0.55(SF2)*

	TM4
	4-APs
	25456
	0.53
	25456
	0.50







SF2* : CSI-RS is configured.
Figure 1 shows Non-MBSFN subframe performances. In link-level simultations, as discussed in [3], TM4 beats out TM9 performances thanks to strong code rate. This was one of the reasons that operators have strongly pushed the CRS-TMs with high layers for practical usecases. Even with TM9 4-TX and 2-CRS-ports, the performance gap to TM4 4-TX curve appears up to 3.5 SNR dB.
Figure 2 shows MBSFN subframe performances. Six subframs out of 10 are configured as MBSFN subframes, so the coderate is improved about 0.1 from TM9 + 4-CRS ports configuration. Therefore the gain is SNR 1dB from Non-MBSFN subframe performance. However, there still exists 2dB performance gap to TM4 performance, it seems not to improve performance gap dramatically due to the code rate.  
Observation1 : Performance improvement of TM9 MBSFN SF from TM9 Non-MBSFN appears as about 1dB. However TM9 MBSFN performance still has performance degradation by about 2dB comparing to TM4.

We can support TM9+MBSFN performance study in RAN4, but pros and cons of TM9 with 4-TX deployment scenarios must be further discussed in RAN4. Each of TM9 and MBSFN have been initiated as independent feature since Rel-10 and Rel-9 respectivly. In fact, TM9 + MBSFN is regarded as a concurrent feature.
Each mandatory feature of TM9 and MBSFN does not mean to make any mandatory performance requirements of the concurrent feature. Eventually, if there is not practical benefits, it is not desirable to make mandated performance requirements. As we think, there are main concerns similar as previous discussions on TM9 + 4-TX with 2CRS-APs. PDSCH to legacy CRS-TM UEs cannot be scheduled in the MBSFN subframe. Additioanlly, control channel performance impact also needs to be investigated. 

We propose RAN4 to discuss and study further to clarify the TM9 + MBSFN usecases and benefits.
Proposal 1 : We support the performance study of TM9 + MBSFN for TM9 improvement. The study includes benefit verfication and practical usecase identification of TM9 + MBSFN under 4-TX antenna basestation deployment scenarios. 

Proposal 2 : MBSFN and TM9 are mandatory features in Rel-9 and Rel-10 respectivly. It is questionable if  the concurrent feature requirement studied in Rel-13 becomes mandatory or optional. Without knowing clear benefits, we think that it is hard to make it mandatory.

Proposal 3 : For performance requirement discussion on 2-RX TM9+MBSFN, we have the same proposals.
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Figure 1 : TM4 performance vs TM9 Non-MBSFN (2-CRS ports / 4 CRS ports ) performances
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Figure 1 : TM4 performance vs TM9 with MBSFN (2-CRS ports / 4 CRS ports ) performances
Conclusions

In this contribution, we share our performance anaysis of TM9 MBSFN performances. Based on our observations, we propose as below for further actions in RAN4.

 Observation1 : Performance improvement of TM9 MBSFN SF from TM9 Non-MBSFN appears as about 1dB. However TM9 MBSFN performance still has performance degradation by about 2dB comparing to TM4 usecases.

Proposal 1 : We support the performance study of TM9 + MBSFN for TM9 improvement. The study includes benefit verfication and practical usecase identification of TM9 + MBSFN under 4-TX antenna basestation deployment scenarios. 

Proposal 2 : MBSFN and TM9 are mandatory features in Rel-9 and Rel-10 respectivly. It is questionable if  the concurrent feature requirement studied in Rel-13 becomes mandatory or optional. Without knowing clear benefits, we think that it is hard to make it mandatory.

Proposal 3 : For performance requirement discussion on 2-RX TM9+MBSFN, we have the same proposals.
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