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1	Introduction
Channel reciprocity has been extensively studied for LTE MIMO operation. In 5G new radio, many deployments are envisioned in high frequency bands with high bandwidths, and TDD may be more attractive for such deployments. In this context, channel reciprocity would require more attention than it received in the design of the legacy systems. In this contribution, we analyse the potential advantages for leveraging channel reciprocity, as well as present its challenges in real deployment. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	New opportunity for channel reciprocity in massive MIMO
In new radio system of 5G, one key feature is massive MIMO technology. In massive MIMO, large scale antenna array will be used. In this case, DL channel information feedback will be more challenging if conventional CSI feedback methods are used. One simple method is applying beamforming, where UE is only measuring limited beam ports, and another effective method for TDD, that is channel reciprocity based CSI feedback. Instead of designing codebooks for large arrays, the base station (BS) can get channel information through UL sounding reference transmission. When the number of BS antenna ports is large, leveraging reciprocity can lead to a significant reduction in overhead. It should be noted that interference information is not reciprocal, so interference feedback should be reported by UE.
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                                Figure1  Massive MIMO application 

In LTE and LTE-A MIMO operation, more antenna ports mean a larger codebook set. In the PMI feedback framework, PMI selection accuracy is critical for best performance. However, whether the UE has reported the best PMI is hard to verify by the base station, which means relying on UE feedback may be challenging. Considering this issue in real deployments, finer codebook design would not necessarily bring significant benefits. From a different perspective, relying on long term channel reciprocity may relax UE feedback burden. Due to considerable frequency gap in FDD TX and RX, short term channel information is not matched, but long term beam direction would be possibly aligned in DL and UL.  
Based on above analysis, channel reciprocity utilization in 5G NR system would be desired to reduce CSI feedback overhead. 
Observation 1: In massive MIMO application, the utilization of channel reciprocity is beneficial to achieve precoding/beamforming gain with low overhead.
Proposal 1: For TDD NR system, channel reciprocity utilization should be considered, and for FDD NR system, long term reciprocity may be considered.
In massive MIMO application, one new thing is UE side beamforming. In high frequency bands the antenna size will be smaller, in this case UE beamforming is possible. Channel reciprocity may be exploited in both directions, hence in this case the DL channel information can be used to generate an UL precoding vector, thereby enabling UL reciprocity based MIMO. Furthermore, as one sub-optimal solution, long term based beamforming could be considered in the UE side in the uplink.  Also, due to smaller size of UE device, array calibration may be difficult.  However, standards support for UE array calibration should only be considered if some compelling advantage can be shown over vendor-specific self-calibration mechanisms. 
Proposal 2: UE side reciprocity based on long term reciprocity could be considered for uplink transmission.  
3	Real challenges learned from legacy system deployment  
In LTE, an obstacle to effectively leveraging channel reciprocity is the level of practical channel information available at the eNB. The commercial UE device is often not equipped with two transmitters and may not even support antenna switching. This makes it impossible to acquire the full channel state information at eNB. Based on this limitation, LTE transmission modes 7 and 8 are constrained to work with single antenna port SRS transmission.
If partial channel information is available in base station, some hybrid method can be considered. For example, partial CSI could be used to generate one rank-1 beam vector, and beamformed CSI-RS can be used to get one codebook feedback, and finally one effective full precoding/beamforming vector can be constructed by combining the beam vector and reported PMI.
Another challenge is transmission density in time and frequency and transmission power of UL SRS. Continuous SRS transmission will cost UE power. Due to UL interference, SRS based CSI acquisition may not be accurate, which impacts DL MIMO performance.  
Antenna calibration is always one fundamental issue in the channel reciprocity. Self-calibration is an option at the base station in real deployments. When a large scale antenna system is used, calibration becomes more complicated, and hence the calibration accuracy in the antenna panel would impact the ability to leverage reciprocity.
Observation 2: Antenna calibration, SRS transmission density and unmatched number of TX chain and RX chain will constrain channel reciprocity utilization and performance.  
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 3: MIMO transmission solution based on channel reciprocity should be robust against real impairments.
4	Channel reciprocity applicability in NR  
Although leveraging channel reciprocity for data channels is well known, extending the use of channel reciprocity to other beamformed channels may be considered in 5G NR system. 
In [3], a DL beam based common control channel is proposed. In figure 2 it is shown how to map DL beam sweeping to UL PRACH beam reception in the initial access stage. The assumption here is that there is one DL subframe including multiple beam sweeping blocks, and one UL subframe including multiple beam reception blocks. That means the UE will firstly select one favoured DL beam, and send an UL preamble in the time interval in which the base station is receiving with the associated UL receive beam. For a TDD system, channel reciprocity can be used in this case since the best DL beam can be assumed to be the best UL beam. When the DL beam is determined, the UL transmission will occur on the time interval when the base is listening on the corresponding to UL receive beam, without the need for any additional indication to the base station regarding the best beam. In this use case, TX beam direction of base station is associated with RX beam direction of base station, which simplifies base station behaviour and eliminates the need for a best beam indication from the UE. 
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                                Figure2  DL and UL beam association 

For UE transmit beamforming, there is similar situation. For one DL beamformed broadcast channel, UE can try different received beams to find which RX beam is optimal. After determining which beam is best, based on channel reciprocity, UE will use same direction TX beam to send the UL signal, then the UL link quality can be improved. So in this case the RX beam is associated with TX beam in UE side through reciprocity. If UE is equipped with hybrid BF architecture, then it is possible that RX beam and TX beam association will be created with time domain mapping similar to above base station side.
Above two use cases are about how to make DL beam to UL beam association based on DL signal reception, either TX or RX. But from the whole beamforming cycle, there is another chain, that is to say, how to make UL beam to DL beam association without prior information. In theory, UL beam can be detected according to UL reference signal.  However, due to UL power limitation, UL beam detection may not be reliable, meanwhile, for multiple UEs coexistence environment, BS may spend much effort to detect UL beam direction of each UE for mobility consideration. Hence, UL beam association needs further study. 
Proposal 4: In beam selection and association procedure, channel reciprocity can be considered to create DL beam to UL beam association.
5	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The contribution is concluded by summarizing our proposals as follows: 
Proposal 1: For TDD NR system, channel reciprocity utilization should be considered, and for FDD NR system, long term reciprocity may be considered.
Proposal 2: UE side reciprocity based on long term reciprocity could be considered for uplink transmission 
Proposal 3: MIMO transmission solution based on channel reciprocity should be robust against real impairments.
Proposal 4: In beam selection and association procedure, channel reciprocity can be considered to create DL beam to UL beam association.
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