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1. Introduction
In RAN #66, RAN4 SI for “LTE DL 4 Rx antenna ports” were approved [1] with the purpose of identifying the scope and objectives of potential WI on UE requirements for 4 Rx antenna. In this contribution, we provide our view on 4 Rx UE operation in LTE downlink and scope of 4 Rx antenna WI. 
2. Discussion
2.1. Band support of 4 Rx antenna 
LTE UE was initially specified with 2 Rx antenna from Rel-8 and all subsequent DL CA demodulation is based on 2 Rx receiver on each carrier. Therefore, implementation of 4 Rx antenna would require significant design challenge relative 2 Rx antenna UE. We should note that implementation challenge/cost of 4 Rx UE heavily depends on RF frequency and device form factor. For large form factor device like CPE or laptop, it would be feasible to implement multiple Rx antennas. However, mounting more Rx antenna on small form factor devices like smartphone would require higher design challenge and increased implementation cost. Also, it would be relatively easier to put more antennas on small device for higher bands than lower bands. For CA UEs, supporting 4 Rx antenna on all carriers would be very difficult if the device has to support 3 or 4 carriers. It seems reasonable to allow UEs to support 4 Rx antenna on a subset of CCs while other CCs support 2 Rx antenna. Therefore, support of 4 Rx antenna should be considered as per-band capability of a UE.
Proposal 1. UE should be allowed to support 4 Rx antenna as per-band capability depending on UE implementation instead of being mandated to support 4 Rx antenna in all bands. 
2.2. Impact on power consumption
Enabling 4 Rx antenna on UE would incur significant increase in power consumption relative to 2 Rx antenna operation and thus it should be justifiable by corresponding performance benefit. For example, it is desirable to enable 4 Rx antenna when UE is receiving heavy downlink traffic. However, if UE is enforced to turn on 4 Rx antennas when there is little DL traffic in RRC-CONNECTED mode or when UE wakes up to monitor paging in RRC-IDLE mode, UE’s battery life would be significantly reduced while harvesting little benefit from 4 Rx operation. In general, RAN4 should assume UE’s 4 Rx operation as performance improvement feature that is opportunistically enabled when large performance benefit is expected. 
Proposal 2. UE should be allowed to enable 4 Rx operation opportunistically when large performance benefit is expected to minimize negative impact on UE’s power consumption.
2.3. 4 Rx demodulation of DL physical channel

2.3.1. PBCH
4 Rx demodulation of PBCH can provide enhanced PBCH coverage. However, from network deployment point of view, PBCH coverage should be based on PBCH demodulation of 2 Rx antenna UEs since PBCH is common broadcast channel that should be demodulated by both 2 Rx and 4 Rx antenna UE. Therefore, there is no point in mandating 4 Rx antenna demodulation of PBCH when UE can still decode PBCH with 2 Rx. UE might want to enable 4 Rx demodulation of PBCH to improve PBCH demodulation performance when DL channel quality is extremely bad but such UE operation should be considered optional improvement beyond what is mandated by minimum performance requirement. 
Proposal 3. 4 Rx demodulation of PBCH should be left to UE implementation and RAN4 should not specify performance requirement for 4 Rx demodulation of PBCH. 

2.3.2. PCFICH/PDCCH/EPDCCH/PHICH
Since UE receiver performance for LTE was defined assuming 2 Rx operation from Rel-8, all existing LTE network deployments are  supposed to provide good DL control channel coverage for 2 Rx UE. If UE enables 4 Rx antenna for DL control channel demodulation, control channel coverage for that particular UE could be improved. However, network deployment still needs to guarantee good DL coverage for 2 Rx UE since we cannot assume universal 4 Rx antenna deployment. Also, unlike PDSCH, benefit from 4 Rx demodulation of DL control channel is not always straightforward while UE have to take power consumption penalty whenever it enables 4 Rx antenna. For example, when UE is in good signal condition, 2 Rx demodulation would be good enough and enabling 4 Rx would not provide any benefit. Also, when there is no scheduling grant to UE, enabling 4 Rx for PDCCH monitoring would just consume extra battery without any performance improvement. Therefore, UE should have the freedom to dynamically enable/disable 4 Rx demodulation of DL control channel depending on channel and traffic condition. 
Proposal 4. UE should be allowed to dynamically enable/disable 4 Rx demodulation of DL control channel depending on channel and traffic conditions. 

2.3.3. PDSCH
4 Rx demodulation of PDSCH can provide enhanced DL data throughput and thus can be considered as direct beneficiary of 4 Rx antenna UE implementation. In low CINR regime, PDSCH throughput is increased by Rx antenna diversity and Rx combining gain. When UE supports rank 3/4 demodulation in baseband, 4 Rx antenna demodulation can double the DL peak throughput relative to rank 2 PDSCH transmission. Therefore, 4 Rx UE WI should address performance improvement in low CINR regime with up to rank 2 PDSCH transmission and higher rank transmission in medium/high CINR regime. Similar to DL control channel, 4 Rx demodulation of PDSCH can be mandated only when there are active PDSCH traffic and UE should be allowed to fallback to 2 Rx operation when the throughput gain is not significant. 
Proposal 5. 4 Rx UE WI should address performance improvement in low CINR regime with up to rank 2 PDSCH transmission and higher rank transmission in medium/high CINR regime. 

2.4. 4 Rx RRM operation
 All RRM requirements currently defined assume 2Rx UEs. Below we present our view on the impact of 4Rx on these requirements.
Current RSRP/RSRQ calculation is defined based on the maximum value seen by the UE receivers. With 4Rx this definition can be kept. This would enable some performance enhancement because of extra diversity and also allow opportunistic fallback to 2 Rx.
RLM requirements are currently based also on 2Rx. UEs with 4Rx might be able to show some improvements on the communication range based on the additional diversity effect obtained. However, we would like to point out that the UL coverage will not change (UE Tx power is the same) and, hence, it is not clear if it is feasible to make changes only on the DL coverage range. Creating an artificial imbalance in the UL/DL coverage could lead to very serious problems like poor mobility performance and very slow recovery from RLF. Furthermore, as also stated above, the system coverage should be based on 2Rx and not on 4Rx. 
Proposal 6. Do not define RLM requirements for 4 Rx.
2.5. WI Scope
Based on all the observations and proposals presented in the previous sections, the WI scope for the demod/RRM part should be as follows:

1. Define PDSCH demodulation performance requirements with 4 Rx antenna for rank 1/2 PDSCH. 

· Consider TM2, TM3, TM4 and TM9.

2. Define PDSCH demodulation performance requirements with 4 Rx antenna for rank 3/4 PDSCH.

· Investigate reference receiver architecture

· Consider TM3, TM4 and TM9

3. Define CQI performance requirement with 4 Rx antenna for rank 1/2 PDSCH.

· Consider CQI definition test for TM4 and TM9

4. Define CSI performance requirement for 4 Rx antenna for rank 3/4 PDSCH.
· CQI test for rank 3 and 4 PDSCH
· RI test 

3. Conclusions

In this contribution, we provided our view on 4 Rx UE operation in LTE downlink and scope of 4 Rx antenna WI.  Our proposals are
Observation 1. Applicability of CRS-IM performance requirement to NAICS receiver will depend on outcome of ongoing NAICS work item. 

Observation 2. Interference model derived from homogeneous network deployment might not be applicable to TM10. 

Proposal 1. UE should be allowed to support 4 Rx antenna as per-band capability depending on UE implementation instead of being mandated to support 4 Rx antenna in all bands. 

Proposal 2. UE should be allowed to enable 4 Rx operation opportunistically when large performance benefit is expected to minimize negative impact on UE’s power consumption.

Proposal 3. 4 Rx demodulation of PBCH should be left to UE implementation and RAN4 needs not specify performance requirement for 4 Rx demodulation of PBCH. 
Proposal 4. UE should freedom to dynamically enable/disable 4 Rx demodulation of DL control channel depending on channel and traffic condition.
Proposal 5. 4 Rx UE WI should address performance improvement in low CINR regime with up to rank 2 PDSCH transmission and higher rank transmission in medium/high CINR regime. 

Proposal 6. Do not define RLM requirements for 4 Rx.
Our proposal for WI scope for the demod/RRM part are as follows. 

1. Define PDSCH demodulation performance requirements with 4 Rx antenna for rank 1/2 PDSCH. 

· Consider TM2, TM3, TM4 and TM9.

2. Define PDSCH demodulation performance requirements with 4 Rx antenna for rank 3/4 PDSCH.

· Investigate reference receiver architecture

· Consider TM3, TM4 and TM9

3. Define CQI performance requirement with 4 Rx antenna for rank 1/2 PDSCH.

· Consider CQI definition test for TM4 and TM9

4. Define CSI performance requirement 4 Rx antenna for rank 3/4 PDSCH.

· CQI test for rank 3 and 4 PDSCH

· RI test 
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