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1 Introduction

NR FR1 supports both 2RX and 4RX operation. Furthermore, 4RX operation is mandated in certain FR1 frequency bands [1]:

	· For NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline

· Applicability to other NR bands is FFS

· For certain UE types/categories, some exceptions to this requirement may be applicable in future

…. 
· UE equipped with 4Rx ports as a baseline shall fulfil all 4Rx demodulation performance requirements defined for downlink data and control

· Fall back to 2Rx shall be allowed to save power

· RRM Requirements will be based on 2Rx

· RLM requirements shall be defined based on both 2Rx and 4Rx

· The proper antenna connection similar to LTE (defined in A.3.8.1 of TS36.133) will be defined to make 2Rx based RRM tests be applicable to NR UE equipped with 4Rx port.


In RAN4 #86bis it was agreed to introduce both 2RX and 4RX UE performances requirements for FR1. In order to proceed with requirements definition RAN4 should further discuss the methodology and associated assumptions to define the requirements. In this contribution, we provide views on 2RX and 4RX requirements for NR FR1. In particular, we address the following questions:
1) Whether 4RX requirements shall be defined for all physical channels

2) Method to define 2RX/4RX requirements
3) 2RX/4RX antenna fallback assumptions
4) 4RX test conditions
5) 2RX/4RX requirements applicability rules
2 Discussion

2.1 Target 2RX and 4RX requirements
Further discussion on whether 4RX shall be defined for all UE Demodulation/CSI requirements shall take place. 

In order to guarantee proper performance for data/control channels, both 2RX and 4RX demodulation requirements shall be defined for PDSCH and PDCCH physical channels. Similarly, the CSI reporting requirements can be defined under assumption of both 2RX and 4RX operation.

The number of RX ports used by UE for the PBCH demodulation is tightly coupled with the number of RX ports for SSS/PSS processing which is related to the RRM requirements, which are already agreed to be based on 2RX ports assumption. In addition, the PBCH performance with multiple retransmissions and soft combining already ensures good enough coverage and not necessarily needs to be improved using 4RX. 
Observation #1: PBCH performance with multiple retransmissions and soft combining already ensures good enough coverage under assumption of 2RX operation
In this sense mandating 4RX PBCH may lead to UE overdesign and excessive power consumption. Therefore, we recommend to avoid mandating 4RX PBCH demodulation requirements and define the performance requirements based on 2RX only.
Proposal #1:
Define 2RX and 4RX requirements for PDSCH and PDCCH demodulation and CSI reporting requirements. 


Define only 2RX PBCH requirements.
2.2 Methods to define 2RX/4RX requirements
Several possible approaches can be considered to define 2RX/4RX requirements

· Option 1: Define explicit requirements for each number of RX chains
· Pros: Will ensure the most precise requirements values

· Cons: Will require double simulation/alignment effort from the companies. Additional simulations and alignment will be required for other number of RX ports
· Option 2: Define explicit requirements for 2RX antennas. Derive the 4RX requirements from 2RX requirements via adding a diversity gain margin (e.g. 2.5 – 3.0 dB)
· Pros: Reduced amount of simulation/effort and faster requirements definition. Will allow easy extension of the requirements for different number of RX ports.

· Cons: 4RX requirements may be less accurate since same margin can be applied for different scenarios. Such approach is not applicable for rank ≥ 2
· Option 3: Define explicit requirements for 4RX antennas. Derive the 2RX requirements from 4RX requirements via removal of a diversity gain margin  (e.g. 2.5 – 3.0 dB)
· Pros: Reduced amount of simulation/effort and faster requirements definition. Will allow easy extension of the requirements for different number of RX ports.

· Cons: 2RX requirements may be less accurate since same margin can be applied for different scenarios. 
Option 1 approach will ensure more accurate prediction of the minimum performance for different number of RX chains and more preferable. Same time, we also need to account that in the future the requirements may be extended to the 1 or 8 RX operation and further discussion whether simplified approaches for requirements definition shall be considered.
Proposal #2:
Define explicit requirements for 2RX and 4RX for FR1 
2.3 2RX/4RX fallback assumptions

Although 4RX typically provides noticeable benefits over 2RX in terms improved coverage and throughput performance, the respective gains come at the cost of increased UE power consumption in both RF and BB components. In general case, using all RX antennas all the time may not be completely justified and under certain conditions, UE may potentially use smaller number of RX chains to save power. In accordance to RAN agreements for UEs equipped with 4RX “fall back to 2Rx shall be allowed to save power” and RAN4 is expected to discuss the possible fallback assumptions as a part of 4RX performance requirements to avoid precluding UE fallback. 
Observation #2: 4RX operation leads to larger UE power consumption comparing to 2RX operation and fallback to 2Rx shall be allowed to save power
In LTE 4RX WI extensive discussions took place on the conditions when UE is expected to activate 4RX operation. In particular, it was decided that 4RX requirements shall be defined under assumption of “heavy” traffic assumptions when PDSCH is continuously scheduled to the UE. It was also assumed that under different conditions (e.g. sparse traffic), UE may be potentially allowed to use smaller number of RX antennas. Similar assumptions can be considered for the PDSCH and PDCCH requirements definition.

Observation #3: LTE 4RX PDSCH/PDCCH/CSI requirements are defined under “heavy” traffic assumptions when PDSCH is continuously scheduled to the UE and do not preclude UE to fallback to 2RX under different conditions.

Proposal #3:
FR1 4RX UE performance requirements shall be defined under assumption that PDSCH is always scheduled in the test

2.4 Test conditions
One of the key reasons to use 4RX is to improve the throughput performance on top of 2RX. However, we note that the performance benefits over 2RX depend on the test conditions. In Figure 1 we illustrate the comparison of 2RX and 4RX PDSCH performance under assumption of low and high RX antenna correlation scenarios. It may be observed, that for low correlation scenarios 4RX operation provides substantial gains over 2RX for the full SNR range. For the high antenna correlation scenarios, the performance of 2RX and 4RX is quite close and, furthermore, for the high SNR region the throughput performance saturates and the relative difference between 2RX and 4RX operation is reduced. Under such conditions the performance benefits from using 4RX are limited and in our view UE shall not be forced to use 4 RX ports all the time. Therefore, it is suggested that 4RX requirements are defined under test conditions when 4RX operation provides substantial throughput improvement over 2RX operation. For instance, we consider that requirements can focus on the scenarios with low antenna correlation or with high correlation and low-med SNR region. 
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	Figure 1. 2RX and 4RX performance comparison


In particular, we suggest to define the 4RX requirements under the conditions where 4RX operation provides substantial performance gains over 2RX operation
· Focus on 4x4 low antenna correlation scenarios
· Do not consider 4x4 high correlation scenarios

Proposal #4:
The 4RX test cases are defined under condition where 4RX provides substantial performance gains over 2RX
· Focus on 4x4 low antenna correlation scenarios

· Do not consider 4x4 high correlation scenarios

2.5 Applicability rules 
Rel-15 UEs will support both 2RX and 4RX operation and the number of RX chains will be a band-specific parameter. It was also decided that both 2RX and 4RX requirements will be introduced in the Rel-15 scope. Similar to LTE it may be considered that UE needs to pass the 2RX test on the 2RX bands and 4RX tests on the 4RX bands. In order to streamline requirements definition it is suggested to use align the set of test cases for 2RX and 4RX (except rank 3/4 test cases). Same time, from the test cost/time procedure perspective forcing UE to pass the same set of 2RX and 4RX test cases is undesirable. Therefore, to minimize the amount of test cases to pass it is suggested that UE which already passed 4RX tests shall not be required to pass the respective 2RX tests.
Proposal #5:
UE which passed 4RX tests shall not be required to pass the 2RX tests with similar test purpose. 
3 Conclusion

In this contribution we provide views on 2RX and 4RX requirements for NR FR1. In summary, we make the following proposals:
Proposal #1:
Define 2RX and 4RX requirements for PDSCH and PDCCH demodulation and CSI reporting requirements. 


Define only 2RX PBCH requirements.
Proposal #2:
Define explicit requirements for 2RX and 4RX for FR1 
Proposal #3:
FR1 4RX UE performance requirements shall be defined under assumption that PDSCH is always scheduled in the test

Proposal #4:
The 4RX test cases are defined under condition where 4RX provides substantial performance gains over 2RX
· Focus on 4x4 low antenna correlation scenarios

· Do not consider 4x4 high correlation scenarios

Proposal #5:
UE which passed 4RX tests shall not be required to pass the 2RX tests with similar test purpose. 
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