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1. Introduction
During RAN#66, a Release-13 Work Item proposal on 4 Rx MIMO for LTE downlink [1] was discussed. Due to its wide scope, the proposal was not approved but instead it was agreed to conduct a Study Item [2] for one RAN4 meeting cycle, the general objective being to identify the scope and objectives of a potential Work Item on UE requirements for 4 Rx antenna ports. In this contribution, we focus on UE demodulation and CSI aspects and discuss the corresponding scope and objectives, including prioritization and phasing of the work in RAN4.  
2. UE demodulation and CSI for 4 Rx downlink
Motivations and objectives
The motivation to consider UE performance requirements for 4 Rx downlink is twofold in general:
· 4 Rx UEs would benefit from the increased Rx-diversity / interference rejection capability wrt. 2 Rx UEs, which translates in the field into improved cell coverage, but also into higher mean cell throughput because 2-layer MIMO transmission benefits as well from 4 Rx;
· 4 Rx UEs could benefit from 3- or 4-layer MIMO (depending on the radio conditions), which increases mean-/peak cell throughput as compared to 2x2 MIMO assuming a single component carrier.
UE demodulation and CSI work would take place during the performance part, once core RF and RRM items have been completed. The general objective would be to investigate the feasibility and specify minimum requirements for DL UE demodulation performance and CSI reporting for 4 Rx UEs.
Scope & phasing of the work

To date, most of UE requirements since LTE Release-8 assume 2 Rx antennas as baseline. It is neither seen needed nor feasible time-wise to duplicate all the RAN4 minimum requirements in Chapter 8 (demodulation) and Chapter 9 (CSI) of TS 36.101 [4] from 2 Rx to 4 Rx antennas. Instead, we view that RAN4 should focus its efforts on the most essential aspects of 4 Rx UEs where UE baseband processing / performance is not a straightforward extension of 2 Rx processing.
Observation 1: 

It is neither seen as needed nor feasible to replicate all the UE minimum requirements in Chapter 8 and 9 of TS 36.101 from 2 Rx to 4 Rx.
In the following, we discuss and provide our views on the priority and phasing of the UE demodulation / CSI work for 4 Rx.
Since most LTE deployments to date support 1 or 2 Tx antennas at eNodeB, it is observed that bringing 4 Rx support at the UE side would bring performance benefits in existing networks due of the increased Rx-diversity / interference rejection which is beneficial to both single- and dual-layer downlink transmissions. On the other hand, there is a growing interest in 4 Tx antenna configurations at eNodeB side, and such network deployments are progressively expected to ramp-up in the future, which then motivates considering 4 Rx UE demodulation with more than 2 layers.
Observation 2: 
Most existing LTE networks support 1 or 2 Tx antennas at eNodeB, while 4 Tx antenna deployments are progressively expected to ramp-up.
Hence, this motivates the following prioritization/phasing of the work in RAN4:
Proposal 1: 

Prioritize/phase the RAN4 demodulation work as follows:
1)  Single-layer demodulation performance with 4 Rx, including control channel performance;

2) Dual-layer demodulation performance with 4 Rx;
3) Demodulation performance with >2 layers with 4 Rx.
Then, in terms of cell coverage, since it is expected that 4 Rx brings noticeable performance benefits to both data and control channel transmission, all LTE downlink PHY channels should be studied and covered by 4 Rx minimum performance requirements. Finally, noting that LTE has evolved along multiple dimensions (a total of ten transmission modes, eICIC/feICIC/eIMTA features, etc), and as discussed previously, it is neither seen essential nor feasible to replicate the current demodulation test coverage in TS36.101. Consequently, the number of additional tests for 4 Rx should be kept at a reasonable level and motivated by both verifying the most fundamental aspects of 4 Rx UE processing and take practical deployments into consideration.
Proposal 2: 

Ensure test coverage for all LTE downlink physical channels for 4 Rx in Chapter 8 of TS36.101, while keeping the number of added test scenarios to minimum (i.e. without replicating every existing 2 Rx test).
Proposal 3: 

The test coverage for 4 Rx demodulation should focus in verifying only the most fundamental aspects of 4 Rx UE processing and be motivated by practical deployments.
It is seen as too early to discuss potential channel state information (CSI) reporting test coverage, which should be addressed once the overall objectives and scope of RF/RRM core part and demodulation work have been defined. CSI is typically handled in RAN4 as the last phase of the performance work. CSI comprises minimum requirements for CQI/PMI/RI reporting. Similarly to demodulation, it is not seen as needed to replicate all existing CSI requirements in Chapter 9 of TS 36.101 from 2 Rx to 4 Rx. RAN4 should focus only on those essential aspects of 4 Rx CSI processing which are not a straightforward extension of CSI reporting with 2 Rx.
Proposal 4: 
Discuss CSI test coverage once the overall objectives and scope of RF/RRM core part and demodulation work have been addressed. 

Proposal 5: 
RAN4 should focus on those essential aspects of 4 Rx CSI processing which are not a straightforward extension of CSI reporting with 2 Rx.
Reference UE receivers

The choice of reference receiver(s) for deriving minimum performance requirements is typically addressed in RAN4 during the Work Item phase. We discuss below possible choices of candidate receivers.
· Single-layer demodulation performance with 4 Rx
· Control channel performance: MRC receiver, since it is assumed since LTE Release-8 for deriving minimum performance requirements; 
· PDSCH: Considering the increased number of degrees of freedom available for spatial interference mitigation, similarly to Release 11 for 2 Rx, it makes sense to consider LMMSE-IRC receiver processing for 4 Rx single-layer PDSCH demodulation performance;
· Dual-layer PDSCH demodulation performance with 4 Rx: Studies are needed, whether linear interference suppression receivers provide reasonable performance for dual-layer transmission. If LMMSE-IRC performance is not satisfactory, R-ML inter-stream interference cancellation (IC) receiver, similar to that of Release-12 Work Item on advanced SU-MIMO, could be considered.
· PDSCH demodulation performance with >2 layers with 4 Rx: Studies are needed here on the choice of reference receiver, its achievable performance, computational complexity and required channel conditions (spatial correlation, SNR, Tx-EVM).
Based on the above discussion, we make the following proposals:
Proposal 6: 

LMMSE-IRC receiver should be considered for minimum performance requirements for single-layer PDSCH transmission. MRC should be considered for control channel performance.
Proposal 7:

Reference receiver for dual-layer PDSCH minimum performance for 4 Rx should be studied. Candidate receivers for the study are LMMSE-IRC and R-ML. 
Proposal 8: 

More studies are required for PDSCH transmission with >2 layers in terms of choice of reference receiver, performance vs. complexity tradeoffs as well as required channel conditions.
Other aspects

In order to introduce demodulation tests with higher ranks, a 4x4 MIMO channel is required. This requires 16 channel faders in the test equipment, which is still acceptable for a single-cell setup. However, for multi-cell tests e.g. possible LMMSE-IRC tests, it makes sense to reduce the number of transmit antennas to 2, in order to keep test equipment cost reasonable. The number of transmit antennas depends, of course, on the purpose of each new 4 Rx test, but as a general guideline, the test equipment complexity in terms of channel faders should be taken into account.

As mentioned earlier, it is not justifiable to replicate all the 2 Rx demodulation and CSI tests for 4 Rx. However, it is likely that there will be some overlap of 2 Rx and 4 Rx tests, which raises the question of 2 Rx test applicability for 4 Rx UEs. If the new 4 Rx requirements verify e.g. LMMSE-IRC performance for rank-1 with a certain transmission mode, it seems unnecessary to run the equivalent 2 Rx test for the same UE. The applicability should be taken into account when scoping the work on 4 Rx requirements and be clearly specified in the final specification.
3. Conclusion 
In this contribution, we discussed the objectives, scope and phasing on UE demodulation and CSI aspects of a potential Release 13 Work Item on LTE DL 4 Rx antenna ports. Related to these aspects, we propose:
Proposal 1: 

Prioritize/phase the RAN4 demodulation work as follows:
1)  Single-layer demodulation performance with 4 Rx, including control channel performance;

2) Dual-layer demodulation performance with 4 Rx;

3) Demodulation performance with >2 layers with 4 Rx.
Proposal 2: 

Ensure test coverage for all LTE downlink physical channels for 4 Rx in Chapter 8 of TS36.101, while keeping the number of added test scenarios to minimum (i.e. without replicating every existing 2 Rx test).
Proposal 3: 

The test coverage for 4 Rx demodulation should focus in verifying only the most fundamental aspects of 4 Rx UE processing and be motivated by practical deployments.
Proposal 4: 
Discuss CSI test coverage once the overall objectives and scope of RF/RRM core part and demodulation work have been addressed. 

Proposal 5: 
RAN4 should focus on those essential aspects of 4 Rx CSI processing which are not a straightforward extension of CSI reporting with 2 Rx.

Proposal 6: 

LMMSE-IRC receiver should be considered for minimum performance requirements for single-layer PDSCH transmission. MRC should be considered for control channel performance.

Proposal 7:

Reference receiver for dual-layer PDSCH minimum performance for 4 Rx should be studied. Candidate receivers for the study are LMMSE-IRC and R-ML. 
Proposal 8: 

More studies are required for PDSCH transmission with >2 layers in terms of choice of reference receiver, performance vs. complexity tradeoffs as well as required channel conditions.
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