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1. Introduction
In the RAN1#86 meeting, RAN1 agreed to support reciprocity based operation for uplink (UL) MIMO transmission [1]. 
	Agreements:
The following aspects for UL MIMO transmission should be supported:

· Transmission schemes/methods for reciprocity calibrated UEs, reciprocity non-calibrated UEs, and non-reciprocity/partial reciprocity cases
· If needed, signalling associated with UL reciprocity based operation is introduced, e.g. UE capability which indicates calibration accuracy
· Whether to differentiate reciprocity non-calibrated UEs from non-reciprocity or not is to be studied

· Note: the number of transmission schemes/methods can be further discussed 


In this agreement, RAN1 resolved one of major issues about reciprocity based operation: UE calibration inaccuracy. However there is another issue we have on reciprocity based operation: asymmetric property of interference. In realistic environment, TRP/UE can’t know interference condition at the opposite side. For example, if interference sources are near to one side and far from the other side, this affects beam management behavior. In this contribution, we discuss on beam management for reciprocal systems.
2. Discussion 
First, when NR uses reciprocity based operation, interference asymmetricity should be taken into account, since it has impact on beam management behavior. For instance, as shown in Fig. 1, interference source can be located near to UE and far from TRP. 
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Figure 1: Beam distortion caused by asymmetric interference
If UE determines the best Rx beam according to the received downlink (DL) reference signal (RS) suffering strong interference from the nearby interference source, the beam can be distorted by received interference power and 































































































maximizing SINR, e.g., MMSE receiver. As a result, if the reciprocity is applied, i.e., Tx beam is determined by the distorted Rx beam, the main lobe would not be directed to the TRP, and the Tx beam would not maximize the reception power at the TRP, i.e., it is not the best Tx beam for UL. The point is that the best Tx beam could be different from the best Rx beam.
Observation 1:
 Due to the interference received at UE, UE beam determined by reciprocity based on DL RS may not be the best beam for UL transmission.

Second, we should consider beam determination procedure. In the RAN1#86 meeting, RAN1 agreed to support joint and/or sequential DL beam determination [2].
	Agreements:
The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming


If UL beam is determined sequentially as well, TRP Rx and Tx beams can be determined before UE determines its Tx beam. When different beams are used for Rx and Tx at TRP, there will be an issue on subsequent Tx beam determination at UE side. In particular, when UE Tx beam is determined by reciprocity based on DL RS transmitted with TRP Tx beam, the UE Tx beam would be unsuitable for TRP Rx beam which UL data are received with. Thus, reciprocity based Tx beam determination at UE side doesn’t work well if TRP Rx and Tx beams are quite different. This issue should be further studied in NR SI.
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Figure 2: Beam management procedure when Rx and Tx beams are different
Observation 2:
 In case that Rx and Tx beams are quite different at the counterpart, reciprocity based CSI acquisition doesn’t work well.

Proposal 1:

Study how to determine the best UL Tx beam when Rx and Tx beams are quite different at TRP.
3. Conclusion
In this contribution, our main focus is placed on the study of beam management with reciprocity based operation when there is asymmetric interference. Our observations and proposal are shown as follows.
Observation 1:
 Due to the interference received at UE, UE beam determined by reciprocity based on DL RS may not be the best beam for UL transmission.

Observation 2:
 In case that Rx and Tx beams are quite different at the counterpart, reciprocity based CSI acquisition doesn’t work well.

Proposal 1:

Study how to determine the best UL Tx beam when Rx and Tx beams are quite different at TRP.
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