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1. Introduction
In RAN1#87 meeting, RAN1 agreed to study the benefits of correspondence determination mechanism under the refined definition of beam correspondence [1].
	Agreements:
· Companies are encouraged to refine the definition of beam correspondence, if necessary 

· Note: whether or not to introduce this definition in NR is a separate topic

· Under the refined definition of beam correspondence (if any), study whether or not mechanism(s) for determining UE’s beam correspondence is needed. 

· the study may consider the following aspects - 

· e.g. metrics to be considered SNR/Power (beam-quality), CSI, and others
· e.g. values of the metrics at which beam correspondence is declared
· e.g., complexity/overhead 
· e.g., possibility of supporting reporting to the gNB about beam correspondence at the UE


In this contribution, we discuss the definition of beam correspondence and the details of beam correspondence determination.
2. Discussion

First of all, we propose to confirm following working assumption made in RAN1#86bis meeting [2].
Proposal 1: Confirm the working assumption on the definition of beam correspondence made in RAN1#86.
	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


According to the definition, beam correspondence is determined by downlink (DL) and/or uplink (UL) measurement. This implies beam correspondence includes both UE calibration and channel reciprocity. Even though UE is fully calibrated, channel reciprocity can’t be obtained in some cases, e.g., due to large interference. Therefore determination of beam correspondence should include channel reciprocity.
Observation 1: Beam correspondence includes both UE calibration and channel reciprocity. Even though UE is fully calibrated, channel reciprocity can’t be obtained in some cases, e.g., due to large interference. Therefore beam correspondence should include channel reciprocity.
Next, we focus on UE calibration. Some companies proposed UE calibration schemes [3, 4]. However, their accuracy and effective duration, i.e., how long the calibration lasts, are highly up to implementation. Since there will be wide range of ability on UE, TRP should have methodologies to know UE correspondence. In order to acquire beam correspondence information (BCI), the mechanism described in our companion paper should be introduced [5].
Observation 2: Calibration performance is device matter. As there will be wide range of ability on UE, i.e., how often the calibration is needed is differ from one another, TRP should have methodologies to know UE correspondence.
Proposal 2: Support a mechanism so that TRP can acquire UE beam correspondence information (BCI).

The mechanism is shown in Fig. 1. In step 1, UE sweeps its Tx beam, e.g., SRS can be used for this purpose. Then in step 2, TRP informs UE of beam index which TRP experienced the best UL signal quality with. In step 3, UE selects the best Rx beam based on received DL RS. In step 4, the UE compares the beams obtained in step 2 and 3, i.e., the best Tx beam informed by the TRP and the best Rx beam selected by the UE, and determine if it has beam correspondence or not. In the final step, UE informs its BCI to TRP. Beam determination metrics should also be studied.
Proposal 3: The BCI acquisition mechanism should include following steps: UE Tx beam sweeping, Informing UE of the best Tx beam, reciprocity based Rx beam selection by UE, comparison between the information from TRP and reciprocity based beam selection and BCI signaling to TRP.
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Step1: Tx beam sweeping
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Step2: Informing UE of best Tx beam

[image: image3]
Step3: Reciprocity based Rx beam selection by UE
Step4: Comparison between beams in step2 and 3 and then determine UE beam correspondence


[image: image4]
Step5: BCI signaling to TRP
Figure 1: BCI acquisition mechanism
 Based BCI, TRP allows UE to do reciprocity based transmission. For frequency-selective precoding, reciprocity is beneficial to reduce TPMI signaling [6]. In order to get precoding gain, UE need to be calibrated. If UE is not calibrated enough, TRP can request the UE to redo calibration. The BCI acquisition can be triggered when starting PUSCH transmission, i.e., initial transmission is non-reciprocity, and repeated periodically. It can be triggered also by gNB, e.g., when the number of DL retransmission reaches to the maximum allowed retrainsmission number.
Proposal 4: TRP should allow UE reciprocity transmission based on BCI.
Observation 3: If UE doesn’t hold beam correspondence, TRP can request the UE to redo calibration.
3. Conclusion
In this contribution we discussed the definition of beam correspondence and the details of determination of beam correspondence. Our observations and proposals are as followed:
Proposal 1: Confirm the working assumption on the definition of beam correspondence made in RAN1#86.

Observation 1: Beam correspondence includes both UE calibration and channel reciprocity. Even though UE is fully calibrated, channel reciprocity can’t be obtained in some cases, e.g., due to large interference. Therefore beam correspondence should include channel reciprocity.
Observation 2: Calibration performance is device matter. As there will be wide range of ability on UE, i.e., how often the calibration is needed is differ from one another, TRP should have methodologies to know UE correspondence.
Proposal 2: Support a mechanism so that TRP can acquire UE beam correspondence information (BCI).

Proposal 3: The BCI acquisition mechanism should include following steps: UE Tx beam sweeping, Informing UE of the best Tx beam, reciprocity based Rx beam selection by UE, comparison between the information from TRP and reciprocity based beam selection and BCI signaling to TRP.

Proposal 4: TRP should allow UE reciprocity transmission based on BCI.

Observation 3: If UE doesn’t hold beam correspondence, TRP can request the UE to redo calibration.
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