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1. Introduction
In RAN1#86bis meeting, RAN1 made following working assumption to define the new word ‘beam correspondence’ related to reciprocity based beam management [1].
	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 addition, following agreements were made [2].
	Agreements:
· FFS Indication of information related to Tx/Rx beam correspondence is supported

· Study uplink beam management procedure by considering the Tx/Rx beam correspondence

· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence


In this contribution, we discuss details on the procedure to acquire condition of Tx/Rx beam correspondence for TRP and UE.
2. Discussion

First of all, we should consider about the case where UE/TRP loses its beam correspondence. There are at least two reasons: calibration error and interference. Regarding calibration error, generally transmitter and receiver have different channel responses. This makes it difficult for UE/TRP to keep its Tx/Rx beam correspondence. As for interference, we show an instance of uplink (UL) case in Figure 1. When UE determines the best Tx beam based on received downlink (DL) reference signal (RS) suffering DL specific interference from a neighboring cell, the beam will be adjusted to avoid the interference and to maximize SINR, e.g., as behaviour of MMSE receiver. As a result, the beam wouldn’t be the best for Tx use, and Tx beam should be determined with another way, e.g., by TPMI signaling. In such case Tx/Rx beam correspondence will be lost.
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Figure 1: Asymmetric interference causes loss of Tx/Rx beam correspondence.

Next, we discuss how to acquire information about UE/TRP condition on Tx/Rx beam correspondence, i.e., how to judge whether UE/TRP has its Tx/Rx beam correspondence. Since Tx/Rx beam correspondence information (BCI) acquisition procedure has not been defined yet, we should specify it.
Observation 1: How to acquire UE/TRP condition about Tx/Rx beam correspondence has not been addressed yet.
Proposal 1: Support procedure for acquiring Tx/Rx beam correspondence information (BCI).

We propose BCI acquisition procedure shown in Figure 2. Although the procedure only for UL transmission is illustrated in Fig. 2 as an example, the same procedure can be applied for DL transmission. In the first step, in order to acquire the best beam index for UL transmission, UE sweeps its Tx beam. Then in the second step, TRP signals beam index with which TRP experienced the best UL signal quality. In the third step, the TRP transmits reference signal (RS) to the UE so that UE can estimate the best Rx beam based on received RS. In the final step the UE compare the separately obtained beams, i.e., best Tx beam signaled from the TRP and best Rx beam estimated by using DL RS, and judge if it has Tx/Rx beam correspondence or not.
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Step1: Tx beam sweeping
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Step2: Signalling beam index 
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Step3: Rx beam estimation
Step4: Compare the beams in step2 and 3 and then judge its correspondence

Figure 2: BCI acquisition procedure

Proposal 2: BCI acquisition procedure should include following steps: Tx beam sweeping, beam index feedback, reciprocity based beam estimation and comparison of them.

  In order to take reciprocity gain, Tx/Rx beam correspondence is needed at the both of UE and TRP sides. In other words, unless there is Tx/Rx beam correspondence at both sides, reciprocity based Tx beam determination should not be used. However, BCI of the counterpart can’t be known without reporting it. Hence BCI acquired by the proposed scheme should be exchanged between UE and TRP. The detailed exchange scheme is FFS. Explicit or/and implicit method can be used.
Observation 2: In order to avoid performance degradation on reciprocity based Tx beamforming, BCI should be exchanged between UE and TRP.
Proposal 3: Support mechanism to exchange BCI.
3. Conclusion
In this contribution we discussed BCI acquisition scheme. Our observations and proposals are as followed:
Observation 1: How to acquire UE/TRP condition about Tx/Rx beam correspondence has not been addressed yet.
Proposal 1: Support procedure for acquiring Tx/Rx beam correspondence information (BCI).

Proposal 2: BCI acquisition procedure should include following steps: Tx beam sweeping, beam index feedback, reciprocity based beam estimation and comparison of them.

Observation 2: In order to avoid performance degradation on reciprocity based Tx beamforming, BCI should be exchanged between UE and TRP.

Proposal 3: Support mechanism to exchange BCI.
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