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1. Introduction
A new Work Item on LTE UE 4 Rx requirements was approved in RAN #67. The Work Item scope consists of RF and RRM core requirements, and UE demodulation and CSI requirements [1]. In this contribution, 4 Rx PDSCH demodulation requirements are discussed and simulation results are provided to guide the design of the new requirements.    
2. PDSCH demodulation requirements for CRS-based transmission modes
As discussed in a companion contribution [2], the current UE category and capability signaling does not allow the UE to declare rank-3 or rank-4 capability for CRS-based transmission modes (TM3 and TM4), if the UE is of Category 6, 7, 9, 10, 11, 12 or of DL Category 13. Due to this limitation, our view is that in 4 Rx work, new demodulation and CSI requirements for CRS-based transmission modes should target only rank-1 and rank-2 transmission. Due to this limitation, new 4 Rx requirements for CRS-based transmission modes can be based mainly on existing requirement scenarios, which minimizes the effort needed for the new requirements.

Proposal 1: 
For CRS-based PDSCH transmission modes, rank-3 or rank-4 requirements are not introduced.
For rank-1 PDSCH demodulation, the reference receiver candidates are LMMSE-MRC and LMMSE-IRC, according to the work item description [1]. Considering that IRC requirements were introduced already in Release-11 and that the IRC receiver has been used as the baseline receiver for Release-12 work in RAN4, it seems difficult to justify the use of MRC receiver for new Release-13 PDSCH requirements.
To verify 4 Rx rank-1 CRS-based PDSCH demodulation performance, one option is to modify TM6 LMMSE-IRC test for 4 Rx, re-using the parameters from the existing requirement in 8.2.1.4.1B. In Figure 1, link-level simulation results are presented, comparing the IRC receiver performance to MRC receiver with both 2 Rx and 4 Rx. The simulation parameters are based on the existing TM6 requirement scenario. It should be noted that no RF impairments are modeled in the simulation. 
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Figure 1: TM6 FDD LMMSE-IRC test with 2 Rx and 4 Rx
It can be observed that there is a clear performance difference between 2 Rx and 4 Rx IRC receivers. In addition, 4 Rx IRC receiver can be well-differentiated from 4 Rx MRC receiver.
In principle, TM6 IRC test (8.2.1.4.1B) is a good starting point for 4 Rx rank-1 CRS-based PDSCH test. The DIP profiles from the Release-11 study are directly applicable to 4 Rx, as DIPs are based on pathloss models and are agnostic to antenna configurations at transmit and receive ends. A modification is likely needed in the test MCS, otherwise the test SINR is very low with 4 Rx, which could lead to problems in an actual RAN5 test, where PDCCH is modeled. Furthermore, if the total number of RF faders for 3 explicitly modeled cells is too high with 2x4 MIMO channels, it could also be considered to specify the new 4 Rx requirement with a single interfering cell. Similar simplification was already made in the Release‑11 TM9 IRC test (8.3.1.1A), where the channel dimension is 4x2.
For rank-2, new 4 Rx demodulation requirements can be based on Release-12 advanced SU-MIMO requirements. Possible options are TM3 single-cell SU-MIMO test, as in 8.2.1.3.1B or alternatively TM4 single cell SU-MIMO test, as in 8.2.1.4.2A. To assess the 4 Rx performance in these requirement scenarios, a link-level study was conducted, comparing the throughput against 2 Rx performance. The results are presented in Figure 2 for TM3 and in Figure 3 for TM4. For these results, the medium channel correlation is as parameterized as in the Release-12 tests with 
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Figure 2: TM3 FDD SU-MIMO test with 2 Rx and 4 Rx (normal medium correlation, β=0.9)
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Figure 3: TM4 FDD SU-MIMO test with 2 Rx and 4 Rx (normal medium correlation, β=0.9)
For both TM3 and TM4, it can be observed that there is a reasonable separation between 2 Rx and 4 Rx RML receivers, roughly 1.5 dB. However, between 4 Rx RML and 4 Rx MMSE the separation is large, around 3.0 dB. It should be noted that with both transmission modes, the MMSE performance does not benefit considerably from the larger number of Rx antennas.
To investigate further, the same requirement scenarios for TM3 and TM4 were simulated with modified medium correlation channel 
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. The results are shown in Figure 4 and Figure 5 for TM3 and TM4, respectively.
[image: image8.png]Throughput, bps

10" M3 rank-2 (82.1.3.18), EVATD 2T new medium corr (3-0.5)

0s ——MMSE, 2Rx
——RML, 2Rx

MMSE, 4RX

RML, 4Rx

10 12 14 16 18
SNR, 0B

20




Figure 4: TM3 FDD SU-MIMO test with 2 Rx and 4 Rx (modified medium correlation, β=0.6)
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Figure 5: TM4 FDD SU-MIMO test with 2 Rx and 4 Rx (modified medium correlation, β=0.6)
It can be observed that with a modified channel correlation model, where receive antennas are less correlated, the MMSE performance with 4 Rx improves compared to 2 Rx MMSE. However, due to the increased performance of the MMSE receiver, the performance differentiation between 4 Rx RML and MMSE decreases to roughly 1.0dB. Assuming that a new 4 Rx requirement scenario is targeted to differentiate 4 Rx RML and MMSE receiver, unmodified medium channel correlation with β=0.9 is the better parameterization for the new requirement scenario.
Earlier for Release-12 2 Rx SU-MIMO requirements, both TM3 and TM4 tests were introduced. For Release-13 4 Rx requirements, it is enough to introduce either TM3 or TM4 rank-2 test, because either one verifies the correct implementation of RML receiver with 4 Rx antennas. The difference between TM3 and TM4 is small and limited to effective channel calculation, which is a linear operation with similar complexity for both transmission modes. Correct implementation of effective channel calculation with RML receiver is already verified by Release-12 SU-MIMO requirements for both transmission modes. It can be further discussed which transmission mode, TM3 or TM4, should be adopted for the Release-13 4 Rx requirement. Based on the simulation results, either one would be a valid test.
Based on the presented simulation results, we propose: 

Proposal 2: 
For Release-13 CRS-based PDSCH demodulation requirements with 4 Rx antennas, rank-1 reference receiver is LMMSE-IRC and rank-2 reference receiver is RML.
Proposal 3: 
Release-13 4 Rx rank-1 CRS-based demodulation test is based on TM6 LMMSE-IRC test. Rank-2 CRS-based demodulation test is based on either TM3 or TM4 SU-MIMO advanced receiver test.
Proposal 4: 
For the 4 Rx rank-2 CRS-based demodulation test, maintain the channel correlation model from the 2 Rx tests, i.e. α=0.3 and β=0.9.
3. PDSCH demodulation requirements for DMRS-based transmission modes
For DMRS-based transmission modes, the UE capability signaling allows indicating up to rank-4 support to a large number of practical UE categories. Therefore, the scope of 4 Rx UE demodulation requirements for DMRS-based modes is considerably larger than for CRS-based modes. To start the work for DMRS-based transmission modes, a straightforward way is to look first into rank-1 and rank-2 demodulation and align the assumptions as much as possible with the 4 Rx CRS-based requirements.  
To maintain consistency between transmission modes, the same reference receivers as with CRS-based modes should also be used with DMRS-based modes. For example, if LMMSE-IRC is used for rank-1 CRS‑based transmission modes, the same reference receiver is used for defining the rank-1 DMRS-based requirements. It is highly beneficial from UE design point of view that the reference receiver assumption is maintained for a certain rank, throughout all the transmission modes.
Proposal 5: 
For a specific transmission rank, the same reference receiver type is used for both CRS-based and DMRS-based transmission modes.
In the previous section, it was shown by simulation results that LMMSE-IRC receiver is a valid choice for 4 Rx rank-1 reference receiver in a CRS-based transmission mode. Similarly, RML receiver for 4 Rx rank-2 brings considerable gain over 4 Rx MMSE and 2 Rx RML receivers. Following the principle of consistent reference receiver assumption, LMMSE-IRC should be considered for rank-1 DMRS-based demodulation requirements and RML for rank-2 DMRS-based demodulation requirements.

Proposal 6: 
For Release-13 DMRS-based PDSCH demodulation requirements with 4 Rx antennas, the reference receiver for rank-1 is LMMSE-IRC and for rank-2 RML.
For rank-3 and/or rank-4 DMRS-based demodulation requirements, further analysis on the reference receiver is required. For advanced SU-MIMO receivers, the demodulation complexity does not scale linearly with the number of spatial layers. This aspects should be carefully considered, when choosing the reference receiver for rank-4 minimum requirement.
Another aspect that needs to be considered for rank-4 DMRS-based requirements, is the choice of MCS to avoid extremely high test SNR point. Even with a low correlation i.i.d. channel, the effective channel is not guaranteed to be a full rank-4 channel in every TTI, which increases the required SNR. Furthermore, at least a 4x4 MIMO channel is required for any rank-4 test, which translates into a minimum of 16 RF faders. Any proposal to increase the MIMO channel dimension or the number of explicitly modeled cells should be carefully considered in the case of rank-4 requirements.
4. Conclusion 
In this contribution, 4 Rx PDSCH demodulation requirements were discussed. Based on the discussion and the presented simulation results, we have the following proposals:
Proposal 1: 
For CRS-based PDSCH transmission modes, rank-3 or rank-4 requirements are not introduced.
Proposal 2: 
For Release-13 CRS-based PDSCH demodulation requirements with 4 Rx antennas, rank-1 reference receiver is LMMSE-IRC and rank-2 reference receiver is RML.
Proposal 3: 
Release-13 4 Rx rank-1 CRS-based demodulation test is based on TM6 LMMSE-IRC test. Rank-2 CRS-based demodulation test is based on either TM3 or TM4 SU-MIMO advanced receiver test.
Proposal 4: 
For the 4 Rx rank-2 CRS-based demodulation test, maintain the channel correlation model from the 2 Rx tests, i.e. α=0.3 and β=0.9.
Proposal 5: 
For a specific transmission rank, the same reference receiver type is used for both CRS-based and DMRS-based transmission modes.
Proposal 6: 
For Release-13 DMRS-based PDSCH demodulation requirements with 4 Rx antennas, the reference receiver for rank-1 is LMMSE-IRC and for rank-2 RML.
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