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1. Introduction
In RAN4 #77, there was a proposal to introduce a PDSCH demodulation test for TM9 with MBSFN subframe configuration [1][2]. TM9 and TM10 PDSCH transmission in MBSFN subframe is specified from Rel-10 in TS 36.213. 
When a UE is configured in transmission mode 9 or 10, in the downlink subframes indicated by the higher layer parameter mbsfn-SubframeConfigList or by mbsfn-SubframeConfigList-v12x0 of serving cell 
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 except in subframes for the serving cell 
-
indicated by higher layers to decode PMCH or,
-
configured by higher layers to be part of a positioning reference signal occasion and the positioning reference signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for the UE or, upon detection of an EPDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for the UE, decode the corresponding PDSCH in the same subframe. 

While transmission of TM9 PDSCH in MBSFN subframe can improve system capacity by removing CRS overhead, it will also have negative impact on PDSCH demodulation for CRS-based transmission mode in adjacent non-MBSFN subframes. RAN4 agreed to investigate the feasibility for TM9 transmission with MBSFN subframe configuration in WF [3][4].  
· Evaluate TM9 tests with PDSCH configured in MBSFN subframes with 2Rx under TEI13
· Use test configuration for 
· test 1 in 8.3.1.1 
· TM9 4 layer, 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
· Evaluate the impact on UEs with 2Rx with CRS-based TM
· Use test configuration for test 3 in 8.2.1.3.1
· PDSCH is scheduled only in SF 0, 4, 9
· Propagation condition : EPA5L, EVA70, ETU300L
· 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
In this contribution, we provide simulation results based on WF and provide proposal for whether/how to specify requirements for PDSCH demodulation performance in MBSFN subframe. 
2. Simulation results
2.1. TM9 PDSCH performance
Simulation was run for TM9 PDSCH demodulation for following cases with and without MBSFN configuration. 
· TM9 rank 1 PDSCH demodulation test as specified in test 1 in 8.3.1.1 

· TM9 rank 4 PDSCH demodulation test with 4x4 low correlation EPA5 channel with wideband PMI feedback

When MBSFN subframe is configured, 6 subframes (SF 1,2,3,6,7,8) are configured as MBSFN subframe. 

Simulation results are shown in Figure 1. Here, MBSFN SF config = 0000000000 indicates that MBSFN is not configured and MBSFN SF config = 0111001110 indicates 6 out of 10 subframes are configured as MBSFN subframe. We can observe that there is performance gain when MBSFN subframe is configured due to removal of CRS overhead in both cases. Performance gain is less than 0.5dB for rank 1 case and around 1dB for rank 4 case. Difference in performance gain seems to be related to code rate of underlying PDSCH. Gain from CRS overhead removal is larger when code rate of PDSCH is higher. 
Observation 1. MBSFN configuration can provide performance gain for TM9 PDSCH transmission due to reduced CRS overhead. 
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Figure 1. TM9 PDSCH throughput with and without MBSFN subframe configuration

2.2.  TM3 PDSCH demodulation performance
When MBSFN subframe is configured, PDSCH cannot be scheduled in MBSFN subframe to legacy UEs supporting only CRS TMs. For those UEs, PDSCH can be scheduled only in non-MBSFN subframes. Also, CRS channel estimation performance can be degraded due to CRS puncturing in MBSFN subframes. Simulation was run to verify the effect of MBSFN configuration on TM3 PDSCH demodulation scheduled in non-MBSFN subframe. In the simulation, PDSCH is scheduled only in subframe 0, 4 and 9 and PDSCH throughput is evaluated with and without MBSFN configuration. TM3 test configuration specified for test 3 in 8.2.1.3.1 is used. 
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Figure 2. TM3 PDSCH throughput with and without MBSFN subframe configuration

Figure 2 shows simulation results for TM3 with and without MBSFN configuration in different propagation channel. When Doppler frequency is 5Hz, there is 0.3~0.4dB dB performance degradation due to limitation in time domain channel filtering.  On the other hand, when Doppler frequency is 70Hz or 300Hz, there is no performance degradation.  In high Doppler channel, channel estimation cannot apply deep time domain filtering. Therefore, further limitation due to CRS puncturing in MBSFN subframe has negligible effect on channel estimation quality. 
Observation 2. When MBSFN subframe is configured, PDSCH can be scheduled only in non-MBSFN subframe for legacy UE, which will affect scheduling flexibility at eNB. 

Observation 3. PDSCH demodulation performance is degraded for low mobility CRS TM UEs. For high mobility UE, there is no performance degradation. 

3. PDSCH performance requirements in MBSFN subframe

Though some issues are observed regarding scheduling flexibility and channel estimation performance for legacy UEs, MBSFN subframe configuration can be considered as a way to promote deployment of DM-RS transmission mode. Considering that most of LTE enhancement in link and system level is associated with DM-RS transmission mode, it would also help system capacity improvement as network deployment evolves. 
From UE implementation point of view, TM9 PDSCH demodulation in MBSFN subframe requires change only in PDSCH rate matching. 
· Handling of punctured CRS in MBSFN subframe is already verified by TM1 test with MBSFN subframe configuration that is specified in section 8.2.1.1.4. 

· DM-RS channel estimation is not affected by TM9 PDSCH transmission in MBSFN subframe

· When TM9 PDSCH is transmitted in MBSFN subframe, CRS REs are used for data REs. UE needs to handle this change in PDSCH rate matching. 

Observation 4. From UE implementation point of view, TM9 PDSCH demodulation in MBSFN subframe requires change only in PDSCH rate matching. 

Rate matching functionality can be verified jointly with TM9 PDSCH demodulation test without introducing a new test. For example, we can configure MBSFN subframe in existing TM9 rank 1 demodulation test specified in 8.3.1.1 and new rank 4 TM9 demodulation test to be introduced in 4 Rx WI. With this change, we can verify TM9 PDSCH demodulation performance in both MBSFN and non-MBSFN subframe while maintaining the original test purpose of corresponding tests. 
Proposal 1. Verify rate matching functionality for TM9 PDSCH demodulation in MBSFN subframe by configuring MBSFN subframe in existing TM9 rank 1 demodulation test specified in 8.3.1.1 and new rank 4 TM9 demodulation test to be introduced in 4 Rx WI. 
4. Conclusions

In this contribution, we provided simulation results to verify the feasibility of TM9 transmission in MBSFN subframe and our proposal on how UE performance requirements can be introduced. Our observations and proposals are

Observation 1. MBSFN configuration can provide performance gain for TM9 PDSCH transmission due to reduced CRS overhead. 

Observation 2. When MBSFN subframe is configured, PDSCH can be scheduled only in non-MBSFN subframe for legacy UE, which will affect scheduling flexibility at eNB. 

Observation 3. PDSCH demodulation performance is degraded for low mobility CRS TM UEs. For high mobility UE, there is no performance degradation. 

Observation 4. From UE implementation point of view, TM9 PDSCH demodulation in MBSFN subframe requires change only in PDSCH rate matching. 

Proposal 1. Verify rate matching functionality for TM9 PDSCH demodulation in MBSFN subframe by configuring MBSFN subframe in existing TM9 rank 1 demodulation test specified in 8.3.1.1 and new rank 4 TM9 demodulation test to be introduced in 4 Rx WI. 
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