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1. Introduction & Background
In the last 3GPP RAN1 Ad-Hoc meeting, beam management based on beam correspondence was discussed and following agreements were made [1]: 
Agreements:
· For the definition of beam correspondence:
· Confirm the previous working assumption of the definition

· Note: this definition/terminology is for convenience of discussion

· The detailed performance conditions are up to RAN4

Agreements:
· Support capability indication of UE beam correspondence related information to TRP

· FFS details including capability definition,  case(s) (if any) when the indication is not necessary
And the following agreements on beam reporting were achieved:
Agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:

· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include

· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both

· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, etc.
In this contribution, beam management procedure and beam reporting are discussed.
2. Discussion
2.1. Beam management procedures
From the previous RAN1 meeting agreements, the DL/UL beam management procedures are used to enable the beam selection and refinement at TRP/UE. These procedures include Tx beam sweeping, Rx beam sweeping and measurement, and beam reporting of the selected Tx beam or beam group. 
For DL beam management, the DL beam sweeping and beam selection of TRP Tx beams/UE Rx beams in P-1 will be implemented by two procedures: different TRP Tx beam measurement at UE using the same Rx beam, and same TRP Tx beam measurement at UE using different Rx beams, jointly or sequentially. So these two procedures may be P-2 and P-3. In other words it is likely P-1 can be realized by a combination of P-2 and P-3. From the agreements of RAN1 #86bis, P-1 is a general beam management procedure, whereas P-2 and P-3 can be the special cases of P-1. In some cases P-1 is unnecessary and just P-2 and/or P-3 is enough. For example when UE is rotating, it is only necessary to execute P-3 procedure. Generally, P-1 can be used for the coarse beam training, while P-2 and/or P-3 can be used for the beam refinement from a smaller beam set. The UL beam management procedures are similar to the DL ones. 
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Figure 1: DL beam management procedure
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Figure 2: UL beam management procedure
Observation: P-1 and U-1 are the general beam management procedures, particularly used for coarse beam training; while P-2 and P-3/U-2 and U-3 are the special cases of P-1/U-1, which can be used for the beam refinement.
For high frequency NR systems, massive MIMO technology is an important feature. However, a large number of beams to be trained will lead to high overhead and long latency. If the beam reciprocity at TRP and/or UE exists, the beam management procedure can be greatly simplified to reduce the overhead and the latency [2]. However, there are many challenging issues for beam reciprocity, e.g. RF calibration error, radio channel variation, antenna configuration mismatch and so on. Additional signaling (e.g. UE capability) is needed to inform the TRP whether beam reciprocity is available at UE side.
· Case 1: If beam reciprocity is available at both TRP and UE, beam management procedures can be simplified greatly, no matter performing DL beam management first or UL beam management first. As shown in figure 3, ideally, only by one beam training procedure P-1, both TRP and UE can obtain the best Tx and Rx beam pairs, assuming that the UE capability of beam reciprocity and the best DL Tx beam(s) can be explicitly or implicitly reported to TRP.
· Case 2: If beam reciprocity is only available at TRP side, we propose to perform UL beam management first. As shown in figure 4, by adopting beam training procedures U-1 and P-3, both TRP and UE can obtain the best Tx and Rx beam pairs. Here the best UL Tx beam(s) information mechanism is FFS.
· Case 3: If beam reciprocity is only available at UE side, we propose to perform DL beam management first. As shown in figure 5, by adopting beam training procedures P-1 and U-2, both TRP and UE can obtain the best Tx and Rx beam pairs. Here the best DL Tx beam(s) reporting mechanism is FFS.
For the DL and UL beam management procedures mentioned above, NR-SS can be assisted for periodic DL coarse beam training and PRACH can be assisted for initial UL coarse beam training. For DL the UE-specific CSI-RS that is transmitted in the semi-persistent and periodic, or triggered aperiodic way can also be utilized to implement further beam refinement and prompt coarse beam training when the NR-SS is absent at the time.  The SRS-based beam refinement according to the selected UE Tx coarse beam can be utilized. Furthermore, DM-RS which exists along with the data transmission can be used to monitor the selected beam quality real time.
Proposal 1: 
· For beam reciprocity available at both TRP and UE, the UE capability of beam reciprocity and the best DL Tx beam(s) should be explicitly or implicitly reported to TRP to shorten beam training procedure.

· For beam reciprocity only available at one side (TRP or UE), performing beam sweeping firstly on the other side (UE or TRP) is proposed to shorten beam training procedure.

· For beam reciprocity available at TRP, sequentially adopt beam training procedures U-1 and P-3, as illustrated in figure 4.
· For beam reciprocity available at UE, sequentially adopt beam training procedures P-1 and U-2, as illustrated in figure 5.
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Figure 3: Beam management with full beam reciprocity
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Figure 4: Beam management with beam reciprocity at TRP
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Figure 5: Beam management with beam reciprocity at UE
Beam management includes beam training and beam tracking. The periodic, semi-persistent and aperiodic reference signals for beam management procedure may be combined together. The periodic reference signal is cell-specific and can be configured by SIB or RRC message or predefined. The aperiodic reference signal is UE-specific and can be configured by RRC message. Transmission of the aperiodic reference signal is triggered by MAC CE or L1 control message.

As a lot of narrow beams are needed to cover the entire area, the inappropriate periodic beam training parameters may lead to the beam misalignment and system performance deterioration, especially in the case of UE in high speed mobility. On the other hand, if the aperiodic beam management procedure is often used to refine the beam pair, the overhead of triggering signaling will be increased significantly. Thus, periodic and aperiodic beam training/tracking should be jointly designed to tradeoff between overhead and performance. The parameters such as periodicity value of RS for beam management (e.g. CSI-RS etc.), beam index set, etc. should be carefully designed according to the triggering frequency to cope with different scenarios. For example, a smaller RS periodicity value and the beam index set with larger directional isolation are suitable to track UE with high speed mobility.

Proposal 2: 
· Periodic and aperiodic beam training/tracking should be jointly designed.
· The parameters such as periodicity value of RS for beam management, beam index set, etc. should be carefully designed to cope with different scenarios.
As the number of TRP in an NR cell may be very large, another aspect related to beam management is multi-beam operation which adopts multiple beams from different TRPs as joint transmission to serve UE. Joint multi-beam training procedure needs to be investigated to reduce beam training overhead, e.g. the RS for beam management from different TRPs are grouped as joint beam training. Transparency from UE perspective is the preferred design principle for joint multi-beam transmission.

Proposal 3: Joint multi-beam transmission from multiple TRPs should be supported in NR, and joint multi-beam training mechanism needs to be investigated to reduce beam training overhead.
2.2. Beam reporting
Beam reporting is of great importance for beam management. From the perspective of UE, beam group information reporting may cause excessive uplink feedback overhead, which will decrease the uplink spectral efficiency. In order to reduce the overhead of beam group information, the reporting beams in a beam group need to be restricted [1] [2]. Besides, considering the dynamic range of receiver, only those wanted beams need to report [3]. The measurement quantities for beam reporting can base on beam RSRP and/or CQI. Potential methods for selecting beams for beam reporting are as below:

· Select N best reporting beams in terms of beam RSRP and/or CQI.
· Select reporting beams by beam RSRP and/or CQI thresholds.

· Select reporting beams by offset values to the maximum beam RSRP and/or CQI.

· Any combination of above methods.

Based on above discussion, if we restrict reporting beams to reduce the beam reporting information overhead, the overhead can be under control. But it may cause useless beam reporting. If we reduce the overhead by solely restricting the UE’s receive beam RSRP and/or CQI thresholds, the quality of reporting beam can be guaranteed, but it may cause huge beam information reporting in extreme scenario. Similar to the second method, the third method still cannot solve above shortcomings. Therefore, hybrid approaches of above methods to reduce reporting beams can be considered.

Proposal 4:

· Potential methods for selecting beams for beam reporting are as below:

· Select N best reporting beams in terms of beam RSRP and/or CQI.

· Select reporting beams by beam RSRP and/or CQI thresholds.

· Select reporting beams by offset values to the maximum beam RSRP and/or CQI.

· Any combination of above methods.
Above beam reporting information can be a group of time unit index and/or antenna port index and/or CSI-RS resource index, which indicates a group of transmission beams at TRP side. Considering the overhead of beam information reporting, UE should at least support TRP transmission beams information reporting. If UE has to support UE reception beams or TRP transmission and UE reception beams pair information reporting, potential application scenarios should be provided.
Proposal 5:

· Beam reporting information can be a group of time unit index and/or antenna port index and/or CSI-RS resource index, which indicates a group of transmission beams at TRP side.

3. Conclusion

In this contribution, beam management framework is discussed, and the following observation and proposals are given:
Observation: P-1 and U-1 are the general beam management procedures, particularly used for coarse beam training; while P-2 and P-3/U-2 and U-3 are the special cases of P-1/U-1, which can be used for the beam refinement.
Proposal 1: 
· For beam reciprocity available at both TRP and UE, the UE capability of beam reciprocity and the best DL Tx beam(s) should be explicitly or implicitly reported to TRP to shorten beam training procedure.

· For beam reciprocity only available at one side (TRP or UE), performing beam sweeping firstly on the other side (UE or TRP) is proposed to shorten beam training procedure.

· For beam reciprocity available at TRP, sequentially adopt beam training procedures U-1 and P-3, as illustrated in figure 4.
· For beam reciprocity available at UE, sequentially adopt beam training procedures P-1 and U-2, as illustrated in figure 5.

Proposal 2: 
· Periodic and aperiodic beam training/tracking should be jointly designed.
· The parameters such as periodicity value of RS for beam management, beam index set, etc. should be carefully designed to cope with different scenarios.

Proposal 3: Joint multi-beam transmission from multiple TRPs should be supported in NR, and joint multi-beam training mechanism needs to be investigated to reduce beam training overhead.
Proposal 4:

· Potential methods for selecting beams for beam reporting are as below:

· Select N best reporting beams in terms of beam RSRP and/or CQI.

· Select reporting beams by beam RSRP and/or CQI thresholds.

· Select reporting beams by offset values to the maximum beam RSRP and/or CQI.

· Any combination of above methods.
Proposal 5:

· Beam reporting information can be a group of time unit index and/or antenna port index and/or CSI-RS resource index, which indicates a group of transmission beams at TRP side.
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