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1. Introduction
In RAN1 #86, consideration of channel reciprocity was discussed and agreed in CSI measurement and reporting, beam management, RACH procedure, and  UL MIMO transmission [1][2][3][4]. Also, for beam management, Tx/Rx beam correspondence at TRP and UE was agreed as a working assumption in RAN1 #86bis[5].
	Agreements:
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degree of reciprocity
· Other features to be supported
…

Working assumption:
· The followings are defined as Tx/Rx beam correspondence at TRP and UE :
· Tx/Rx beam correspondence at TRP holds if at least one of the following is satisfied:
· TRP is able to determine a TRP Rx beam for the uplink reception based on UE’s downlink measurement on TRP’s one or more Tx beams.
· TRP is able to determine a TRP Tx beam for the downlink transmission based on TRP’s uplink measurement on TRP’s one or more Rx beams
· Tx/Rx beam correspondence at UE holds if at least one of the following is satisfied: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
· More refined definition can still be discussed




In this contribution, we provide our views on the reciprocity based MIMO for NR. 

Considerations on channel reciprocity error
Channel reciprocity has been extensively investigated for MIMO operation. In NR system, it will be more crucial due to the following reasons: (1) TDD may be more attractive as the operation frequency goes higher and bandwidth becomes larger (2) Large scale antenna array may be mainly considered to ensure the coverage in higher frequency, and then CSI feedback based scheme will be challenging due to huge feedback overhead. In that context, channel reciprocity based scheme can be considered as a promising technique for NR MIMO.
If channel reciprocity can be fully exploited, we can expect high performance gain of MU-MIMO compared with implicit feedback based operations. For MU-MIMO case, the CSI accuracy becomes more critical compared to SU-MIMO because incorrect CSI makes multi-user interference which leads to severe performance degradation. Therefore, utilizing channel reciprocity is an efficient way for MU-MIMO performance enhancement. 
However, there are many well-known issues in order to fully obtain channel reciprocity as follows. The first obstacle is antenna configuration mismatch. For instance, mismatch between the numbers of transmitting and receiving antennas at UE side can be considered. In this case, antenna switching for UL sounding transmission can be one candidate method to achieve channel reciprocity. Different antenna types such as antenna shared for both Tx and Rx and Tx/Rx dedicated antenna are also taken into account for accuracy of reciprocity.
Next, radio channel variation can be considered. By nature, channel between eNB and UE is changed as time goes, and then the reciprocity accuracy will be degraded. Especially when UE speed is high, time aging effect becomes more severe. Especially, the Doppler impact increases proportionally with the operation frequency so that the aging impact will be more critical at high frequency bands. Therefore, impact on the performance according to the time gap between UL sounding signal and reciprocity based transmission should be carefully investigated.
In NR system, UE can have many antenna elements and a capability to steer beam to enhance the coverage, especially in high frequency band. In the beamformed system, channel quality can be improved by aligning eNB and UE beamforming direction simultaneously. In this context, beamformed SRS can be considered for channel reciprocity based operation. On the other hand, if the beamforming direction does not match each other, beamforming gain could be degraded dramatically. In that context, UE rotation needs to be considered in terms of reciprocity. For an example, when UE rotates rapidly after beamformed SRS is transmitted, the channel obtained from SRS at eNB side becomes different from current channel like channel aging effect. Therefore, UE rotation with beamforming should be considered for channel reciprocity.

In practical system, hardware property between the transmitter and the receiver such as LNA, PA non-linearity cannot be exactly identical, which leads to a reciprocity error. To make reciprocity more accurate, RF calibration should be performed. This calibration can be carried out by either explicit signalling exchange or self-calibration. 
Another issue is asymmetric interference between UL and DL. It should be compensated for proper selection of MCS. Signalling of interference information may be needed to compensate the MCS difference.
In addition, SRS estimation error impacts both DL and UL performance in the reciprocity based operation. In the case of dense device scenario, SRS contamination may be severe. Hence, proper SRS error model should be considered for reciprocity based performance evaluation.
From duplex type perspective, TDD is generally considered as a more reasonable case than FDD. However, even in FDD, reciprocity might be utilized in terms of long-term channel reciprocity rather than short-term reciprocity if duplex distance is relatively short. 
Proposal 1: In NR, channel reciprocity needs to be studied with respect to antenna configuration mismatch, radio channel variation with UE rotation aspect, RF calibration error, asymmetry of DL/UL interference, SRS estimation error, and duplex distance.

Channel reciprocity utilization in NR
As mentioned above, several factors making error limit accuracy of channel reciprocity. In general, TDD is more likely to utilize channel reciprocity compared to FDD. However, even in TDD, full channel reciprocity assumption could be invalid especially when we consider more severe channel aging and imperfect RF calibration at high frequency bands. Correspondingly, assumption of partial reciprocity may be more reasonable in NR despite potential advantages of reciprocity based transmission. Tx/Rx beam correspondence at TRP and/or UE can be one example of partial reciprocity from beam level perspective. Another example of partial reciprocity can be long-term covariance level reciprocity. In any case, reciprocity error should be analysed by taking practical impairment factors such as UE rotation into account. 
On the other hand, in FDD mode, we cannot generally assume full channel reciprocity. For the case when duplex distance is not large, partial channel reciprocity such as beam correspondence could be considered. As discussed in [5-9], it is not clear whether the long term channel reciprocity can be utilized or not in various conditions such as different antenna spacing, the number of antennas and scattering environment. Hence, it is necessary to investigate validity of partial reciprocity in FDD.
Proposal 2: In TDD, partial channel reciprocity (e.g., Tx/Rx beam correspondence) assumption seems to be more desirable than full channel reciprocity. In FDD, it is necessary to investigate validity of partial channel reciprocity.
In addition, analogous to reciprocity based DL transmission, reciprocity based UL transmission may be possible in NR system. However, in this case, performance benefit is unclear because PMI feedback is not required for UL. One possible scenario can be the initial beam scanning in case of analog/hybrid beamforming. UL beam scanning overhead could be reduced by using the result of DL beam scanning. We still need to investigate how practical impairment factors could sacrifice the performance instead of efficiency in both TDD and FDD.

Conclusions
This contribution discussed reciprocity based MIMO. Following proposals are given, based on the discussion: 
Proposal 1: In NR, channel reciprocity needs to be studied with respect to antenna configuration mismatch, radio channel variation with UE rotation aspect, RF calibration error, asymmetry of DL/UL interference, SRS estimation error, and duplex distance.
Proposal 2: In TDD, partial channel reciprocity (e.g., Tx/Rx beam correspondence) assumption seems to be more desirable than full channel reciprocity. In FDD, it is necessary to investigate validity of partial channel reciprocity.
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