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1. Introduction
At 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 


Subsequently, at RAN1#86bis meeting, RAN1 agreed to study Tx/Rx beam management considering Tx/Rx beam correspondence [2]. 
	Agreements:
· 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 beam management and related RS design especially for the case TRP or UE has no Tx/Rx beam correspondence.
2. Discussion 

When NR uses reciprocity based operation, interference should be taken into account, since it has impact on beam management behavior. As shown in Fig. 1, if TRP determines the best Rx beam based on the measurement of received UL reference signal (RS), e.g., Sounding RS (SRS), the Rx beam would be adjusted to received interference power and 































































































maximize SINR, e.g., in MMSE receiver. As a result, the main lobe would not be directed to the UE. This means that the beam is not the best for Tx use. Therefore, TRP should determine Tx and Rx beams separately when there is unignorable interference. In this case, TRP Tx/Rx beam correspondence is obviously lost. Although Fig. 1 shows only TRP issue, the same problem can be seen at UE side as well.
Observation 1:
 Tx/Rx beam correspondence is lost when Rx beam distortion is caused by interference.

[image: image1]
Figure 1: Beam distortion caused by interference
 Additionally, if downlink (DL) RS is transmitted with beamforming without Tx/Rx beam correspondence, the DL RS is not useful for reciprocity based UL Tx beam determination at the UE. This is shown in Fig. 2. TRP transmits DL RS with the Tx beam which is differ from its Rx beam. Then UE determines its Tx beam with reciprocity based beam determination. Although TRP will use different beams for transmission and reception, UE assumes the same beam will be used for them at TRP. Due to such contradiction, reciprocity based Tx beam determination doesn’t work.

Observation 2:
 When TRP or UE applies different beams for Tx and Rx, reciprocity based Tx beam determination at the counterpart doesn’t work.
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Figure 2: Problem on reciprocity based beam determination without Rx and Tx beams correspondence
Hence we should consider a solution for it. For instance in UL transmission case, we propose to transmit DL RS by using Rx beam for the UE, i.e., beam derived by UL RS measurement, instead of original Tx beam. This allows UE to apply reciprocity based Tx beam determination because Tx/Rx beam correspondence will be kept at TRP. The idea is described in Fig. 3. 
Observation 3:
 If DL RS is transmitted by using Rx beam, Tx/Rx beam correspondence at TRP can be kept, which allows UE to apply reciprocity based Tx beam determination.
Proposal 1:

Support RS transmission with Rx beam for reciprocity based Tx beam determination.
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Figure 3: DL RS transmission with Rx beam
For example, we assume that some parts of DL CSI-RS are transmitted with Rx beam. Since original DL CSI-RS usage is placed on DL CSI acquisition, we cannot apply Rx beam to all DL CSI-RS. Therefore we should consider which resource(s) can be used for CSI-RS transmission with Rx beam and how to switch the beams. 
In RAN1#86bis meeting, RAN1 agreed to study CSI-RS resources configuration including multi-shot transmission [3].
	Agreements:
· Study CSI-RS resources configuration in 2 steps 

· The CSI-RS transmissions can be dynamically indicated as one shot or multi-shot within the window


 We think multi-shot CSI-RS can be used to enable the scheme shown above, i.e., one of several shots can be transmitted with Rx beam. We show an instance of this idea in Fig. 4.
In addition, we should consider a mechanism to inform UE of whether each RS (including one of multi-shot RS) is transmitted with Rx beam or not. TRP signals the information to the UE so that UE can use informed RS for reciprocity based Tx beam determination. We should discuss this issue in more detail.
Observation 4:

TRP should inform UE of whether a RS is transmitted with Rx beam or not so that UE can use informed RS for reciprocity based Tx beam determination.
Proposal 2:

Support signaling UE whether a RS is transmitted with Rx beam or not.
Meanwhile, although in the above discussion we focused on Tx beam determination for UL transmission, the same approach can be applied for DL transmission as well.
Observation 5:

Proposed schemes are applicable for DL transmission as well.
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Figure 4: CSI-RS transmission with Rx beam in multi-shot RS
3. Conclusion
In this contribution, our main focus is placed on beam management with reciprocity based Tx beam determination considering interference. Our observations and proposals are shown as follows.
Observation 1:
 Tx/Rx beam correspondence is lost when Rx beam distortion is caused by interference.
Observation 2:
 When TRP or UE applies different beams for Tx and Rx, reciprocity based Tx beam determination at the counterpart doesn’t work.
Observation 3:
 If DL RS is transmitted by using Rx beam, Tx/Rx beam correspondence at TRP can be kept, which allows UE to apply reciprocity based Tx beam determination.
Observation 4:

TRP should inform UE of whether a RS is transmitted with Rx beam or not so that UE can use informed RS for reciprocity based Tx beam determination.
Observation 5:

Proposed schemes are applicable for DL transmission as well.
Proposal 1:

Support RS transmission with Rx beam for reciprocity based Tx beam determination.
Proposal 2:

Support signaling UE whether a RS is transmitted with Rx beam or not.
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