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Introduction
During RAN1#86, RAN1 captured the following agreements regarding beam management [1]: 
	Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 
· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency
· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links
· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,
· Joint determination: Tx beam and Rx beam are determined jointly
· Separate determination: Tx beam or Rx beam are determined sequentially. 
· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination
· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission



This contribution discusses the impact of beam/channel reciprocity for NR.

Factors affecting beam/channel reciprocity
MIMO and beamforming techniques are one of the key techniques for NR. For MIMO techniques, acquisition of CSI information at TRP is important for DL transmission. If channel reciprocity is available, the TRP can measure DL CSI from UL RS (e.g., SRS). Otherwise, without channel reciprocity, only feedback based DL CSI measurement is available. Also, acquisition of beam information (e.g., best beam index) is one of the key factors for multi-beam based NR system. With beam reciprocity, 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 reciprocity, however, UL beam search should be supported to find the best UL Tx and Rx beams.
This section discusses some factors affecting beam/channel reciprocity. 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/channel reciprocity cannot be guaranteed. For example, the distance between Tx and Rx antennas may cause different level of DL-UL beam reciprocity. If Tx and Rx antennas are close enough, the beam reciprocity 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 reciprocity could not be assumed. In order to achieve beam/channel reciprocity,  we can consider sharing the same physical antenna elements. However, such implementation requires switching loss which increases in proportion to carrier frequency.
Another factor affecting beam/channel reciprocity is duplex mode (i.e. TDD and FDD). In TDD mode, beam/channel reciprocity could be generally assumed since DL and UL share bandwidth for data transmission. In FDD mode, we generally do not assume beam/channel reciprocity. However, for beam reciprocity 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 reciprocity in FDD mode.
Observation 1: Tx/Rx antenna configuration and duplex mode(TDD/FDD) are the factors affecting beam/channel reciprocity.
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DL/UL procedures based on beam/channel reciprocity
As discussed in the previous section TRP should consider capabilities (e.g. separation of Tx and Rx antennas) on beam/channel reciprocity when TRP triggers DL/UL procedures. If beam reciprocity is available at both TRP and UE, UL beam search does not need to be triggered since TRP and UE can utilize beam selection based on the result of DL beam search for UL transmission and reception. Otherwise, the UL beam search should be supported for UL beam acquisition. In addition to beam management, such capability can be used for CSI acquisition. If channel reciprocity is capable, DL CSI can be measured from UL RS. 
Observation 2: When TRP triggers DL/UL procedures, TRP should realize and take into account UE’s capability on beam/channel reciprocity.
Proposal 1: Support indication of UE’s capability on beam/channel reciprocity capability to TRP.

Impact of beam reciprocity
As discussed above, beam reciprocity affects DL/UL procedures. In [2], RACH design considering beam reciprocity is discussed. In the following, we focus on the impact of beam reciprocity on UL beam search. If the beam reciprocity is not capable at TRP or UE, then proper UL beam search should be supported and the TRP should allocate UL beam reference signal (BRS) subframe to the UE.  Considering capability of beam reciprocity at TRP and UE, possible cases are summarized in Table 1. In the table, Case 1 represents when the beam reciprocity is not capable at only TRP. In this case, UE’s DL best Rx beam(s) can be used for UL Tx beam(s) since UE has capability on beam reciprocity. However, TRP may require UL Rx beam sweeping to search the best UL Rx beam(s). For Case 2, on the contrary, UE requires UL Tx beam sweeping and TRP can utilize DL Tx beam(s) based on the selection of UL best Rx beam(s). Since both TRP and UE have no capability on beam reciprocity in Case 3, beam sweeping for both the TRP and the UE should be supported. Therefore, beam management procedure for UL beam search can be different depending on the capability on beam reciprocity as shown in Figure 1. For this reason, the number of allocated UL BRS subframes (or symbols) to UE may be different according to the cases.

Table 1: Three cases according to capability of beam reciprocity at TRP and UE
	
	Capability of beam reciprocity

	
	TRP
	UE

	Case 1
	X
	O

	Case 2
	O
	X

	Case 3
	X
	X
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Figure 1. Three cases for UL beam search

Observation 3: UL beam search procedure can be different depending on the capability of beam reciprocity. For this reason, the number of allocated UL BRS subframes (or symbols) may be different according to the aspects of UL beam search.
Proposal 2: Study how TRP allocate UL BRS subframe to UE considering the capability of beam reciprocity.

For Case 2 and Case 3 in Figure 1, UE performs beam sweeping and TRP selects the UL best Tx beam(s). Then, the TRP should indicate the information of the selected beam(s) to the UE. It is worthwhile to study how to indicate the information of the UE’s best beam(s). Also, the contents of the indication, such as beam index and beam RSRP, should be studied. The TRP should indicate the beam information at least before the next PUSCH transmission of the scheduled UE.

Observation 4: If UE performs beam sweeping during UL beam search, then TRP should indicate the information of the selected beam(s) to the UE.
Proposal 3: Study how to indicate UE’s best beam information and study contents of the information.

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/channel reciprocity.
Observation 2: For scheduling of DL/UL procedures, TRP should take into account the capability of beam/channel reciprocity and should know the UE’s capability affecting beam/channel reciprocity.
Observation 3: Aspects of UL beam search could be different depending on the capability of beam reciprocity. For this reason, the number of UL BRS subframes (or symbols) allocated for UE may be different according to the aspects of UL beam search.
Observation 4: If UE performs beam sweeping during UL beam search, then TRP should indicate the information of the selected beam(s) to the UE.
Based on above observations, we propose the following:
Proposal 1: Support indication of UE’s reciprocity capability for TRP and study contents of UE’s reciprocity capability.
Proposal 2: Study how TRP allocate UL BRS subframe to UE considering the capability of beam reciprocity.
Proposal 3: Study how to indicate UE’s best beam information and study contents of the information.
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