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Introduction
During RAN1#86bis meeting, RAN1 captured the following working assumptions and agreements regarding beam correspondence [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

Agreements:
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· FFS Indication of information related to Tx/Rx beam correspondence is supported
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· 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



This contribution discusses the impact of beam correspondence for NR.

Impact of beam correspondence
1 
2 
Factors affecting beam correspondence
Beamforming techniques are one of the key techniques for NR and acquisition of beam information (e.g., best beam index) is one of the key factors for multi-beam based system. With beam correspondence, TRP and UE can utilize beam selection based on the result of DL beam search for UL transmission and reception. In other words, DL Tx beam(s) and DL Rx beam(s) can be used for UL Rx beam(s) and UL Tx beam(s), respectively. Without beam correspondence, however, UL beam search should be supported to find the best UL Tx and Rx beams.
This subsection discusses some factors affecting beam correspondence. The NR with higher frequency (> 6GHz) can have various implementations for Tx and Rx antennas. One possible implementation is to separate Tx and Rx antennas, which allows no switching loss. Since Tx and Rx do not share physical antenna elements, beam correspondence cannot be guaranteed. For example, the distance between Tx and Rx antennas may cause different level of DL-UL beam correspondence. If Tx and Rx antennas are close enough, the beam correspondence can be assumed since the angle of arrival is same as the angle of departure. However, if the antenna elements are not close enough, the angle of arrival and the angle of departure may be different and beam correspondence could not be assumed. We can consider sharing the same physical antenna elements in order to achieve channel reciprocity as well as beam correspondence. However, such implementation requires switching loss which increases in proportion to carrier frequency.
Another factor affecting beam correspondence is duplex mode (i.e. TDD and FDD). In TDD mode, beam correspondence could be generally assumed since DL and UL share bandwidth for data transmission. In FDD mode, we generally do not assume beam correspondence. However, for beam correspondence in FDD mode, UL best beams may not be independent with DL best beams when the guard bandwidth between DL and UL is not large. Therefore, it is worthwhile to study aspect of the beam correspondence in FDD mode.
Observation 1: Tx/Rx antenna configuration (e.g. Tx and Rx antenna separation, distance) and duplex mode(TDD/FDD) are the factors affecting beam correspondence.
Indication of UE’s capability on beam correspondence
If beam correspondence is available at both TRP and UE, UL beam management does not need to be triggered since TRP and UE can utilize beam selection based on the result of DL beam management for UL transmission and reception. Otherwise, the UL beam management should be supported for UL beam acquisition. For the UL beam management, U-1 represents when both TRP and UE do not have beam correspondence, which supports selection of UE Tx beams and TRP Rx beams. If only UE has beam correspondence, U-2 supports selection of TRP Rx beams. For U-2, UE’s DL Rx beams can be used for UL Tx beams since UE has capability on beam correspondence. For U-3, on the contrary, UE requires UL Tx beam selection and TRP can utilize DL Tx beams for UL Rx beams. More details of UL beam management considering beam correspondence are discussed in [2]. Since there are different types of UL beam management, TRP should consider capabilities on beam correspondence at both TRP and UE. Therefore, UE’s capability on beam correspondence should be indicated to TRP.
Observation 2: For UL beam management, TRP should realize and take into account UE’s capability on beam correspondence.
[bookmark: _GoBack]Proposal 1: Support indication of UE’s capability on beam correspondence to TRP.

Beam correspondence metrics 
3 
In this section, we discuss how beam correspondence can be validated in a real-time setting. Traditional Tx/Rx correspondence in legacy wireless technologies and in particular TDD systems assumes that the channel coefficients remain same for both UL and DL and exchange these coefficients (either quantized or in the form of pre-coder matrix indices). However, these mechanisms are typically slow considering the fact that they need some reference signals (such as CSI-RS) and channels are estimated via these signals. Also, the estimation performance of the channel via these RS determines the confidence of the reciprocity assumptions (i.e., the channel estimation needs to be accurate at both ends to ensure that the reciprocity indeed holds true). Performing channel estimation and exchanging these matrices/co-efficient may significantly delay the NR procedures, random access for example, and thereby delays the connection establishment. Further, since this impacts the overall network, this must be agreed upon in the specification perspective and is not just implementation related in the case of NR. This traditional channel estimate based technique can continued to be used by NR for efficient data transmission cases. But to fasten the procedures of initial connection establishment, other mechanisms may be studied. 
From the previous discussion, it is clear that via beam correspondence relationships, it is necessary to find the best directions to be used for UL and DL. Specifically, direction-based beam correspondence refers to cases where based on AoA (AoD) at a node, it can find the AoD (AoA) for the other transmissions. This correspondence can be evaluated by using the following metrics - 
a) SNR/Power-based
b) Channel estimation-based
Each of these metrics intends to find the best beam directions where the SNR/Power is the maximum or where the channel estimates are the same (as done in traditional channel reciprocity evaluations). While channel estimation-based evaluation is indeed a fool-proof mechanism, this may not always be needed. Hence, we propose to consider SNR/Power-based evaluations as well.
Proposal 2: SNR/Power-based evaluations for beam correspondence be considered for NR.

Within direction-based beam correspondence, the following cases may arise – 
1) Same beam width for transmission and reception at a node (either UE or TRP)
2) Different beam width for transmission and reception at a node (either UE or TRP)
When same beam widths exist, it is straightforward to see that the beams chosen for transmission based on the best reception beam will have the AoD which is same as the AoA of the best reception beam. However, when the beam widths are different for transmission and reception at the same node, the situation is a little more involved. Consider a case where the receive beams are wider than the transmit beams. In this case, the bore sight direction of the receive beam may not correspond to any transmit beam depending on the beam resolution used for the same. Hence, in this case, several beams inside this wide reception beam may have to be used by the node in the transmit direction in an attempt to find the best transmit beam. This implies that beam sweeping may be needed within this set of beams in order to find the best beam direction for the transmission. The NR procedure impacts of such a design needs to be understood.
Observation 3: Different beam widths for transmission and reception at the same node pose critical challenges for the NR system design with respect to beam correspondence.
Conclusions
This contribution discusses the impact of beam/channel reciprocity for NR. The observations are as follows:
Observation 1: Tx/Rx antenna configuration and duplex mode(TDD/FDD) are the factors affecting beam correspondence.
Observation 2: For UL beam management, TRP should realize and take into account UE’s capability on beam correspondence.
Observation 3: Different beam widths for transmission and reception at the same node pose critical challenges for the NR system design with respect to beam correspondence.
Based on above observations, we propose the following:
Proposal 1: Support indication of UE’s capability on beam correspondence to TRP.
Proposal 2: SNR/Power-based evaluations for beam correspondence be considered for NR.
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