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Introduction
In 3GPP RAN1#86 meeting, beam management procedures were discussed and three procedures were agreed to be supported [1]:
Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

In 3GPP RAN1#86bis meeting, QCL assumptions for NR were discussed. QCL between CSI-RS antenna ports within two or more CSI-RS resources was left as FFS. In this contribution, the QCL relationship between RS (CSI-RS) for different beam management procedures is discussed. 
Discussion
With beam management, a TRP or a UE determines its TX beam for transmission and/or RX beam for reception. In one link direction, signal transmitted with a TX beam propagates through a specific path, and the receiver has to use a corresponding RX beam to receive signal from the path. A change in TX beam may lead to change of optimal RX beam. Therefore, in the beam management procedure, UE or TRP has to determine a pair of TX beam and Rx beam.
A TRP determines its TX beam based on uplink measurement or UE reporting. The former is only possible when certain degree of beam correspondence holds at TRP side. When beam correspondence is not valid at TRP, TRP has to rely on UE reporting to determine its TX beam. To enable beam management, a TRP needs to send a set of RS, each from one candidate TX beam. UE measures the RS and selects the best TX beam(s) and corresponding RX beam(s). The index of the best TX beam(s) is reported to TRP.
Basically, two factors shall be taken into account in the design of beam management. First, the RS shall be able to cover all UEs within the TRP coverage so that each UE can receive signal from at least one beam with sufficient quality. Second, the beam management procedure should provide sufficiently high spatial resolution to fully explore the benefit of beamforming with large antenna array. Bearing these in mind, the RS shall be sent in all possible beam directions with high resolution. The number of candidate beams may be very large considering the number of antenna elements and required oversampling factor to achieve high spatial resolution. Sending a RS from each candidate beam would be a resource demanding approach. 
Multi-stage beam management is a promising approach to achieve high spatial resolution without incurring too much overhead. The first stage, a TRP sends RS with low spatial resolution but with sufficient coverage. For example, oversampled 2D DFT beams are used as the beamforming weight. The first stage could use the 2D DFT beams with low resolution, e.g., oversampling factor 1 or 2. The first stage can even consider using wide beam to further reduce the number of RS. The first stage beam management can be realized by utilizing procedure P-1.
UE reports preferred TX beams based on measurement of the first stage RS. The report provides TRP with rough beam information toward the UE. If TRP deems it necessary to acquire accurate beam information, the second stage beam management can be carried out. In the second stage, the beam management RS are chosen based on the information obtained in the first stage. For example, a set of high resolution narrow beams are generated around the rough beam direction obtained in the first stage. If the first stage uses DFT beam with oversampling factor 1 or 2, the second stage RS could be transmitted around the first stage beam with high resolution, e.g., oversampling factor 4 or 8. If the first stage uses wide beam, the second stage RS could be transmitted with narrow beam within the coverage of the preferred first stage beam. The second stage beam management can be realized by utilizing procedure P-2.
The first stage RS could be TRP-specific and periodic. The second stage RS could be transmitted UE-specifically and aperiodically. TRP can trigger the second stage RS whenever necessary. An example of multi-stage RS transmission is shown in Figure 1. Sixteen high resolution candidate beams are numbered from 0 to 15 according to beam direction. The first stage RS is transmitted periodically with beam 0, 4, 8 and 12. UE measures the first stage RS and report a preferred TX beam to TRP, say, beam 4. When necessary, TRP triggers and transmits second stage RS around beam 4, i.e., beam 3, 4, 5, 6. Based on UE reporting in second stage, TRP gets accurate beam information for data transmission.

Figure 1: Illustration of multi-stage beam management
Observation1:
· Multi-stage beam management can be realized by using procedure P-1 and P-2 together.
Beamforming, especially by large antenna array, may change the large scale parameters, such as average delay, delay spread, etc. Therefore, even RS transmitted from the same TRP cannot always be assumed to be QCL with each other. Two distinct RSs propagated along different path would have different large scale parameters. Generally, RS of different stages of beam management procedures are correlated, i.e., TX beams of the second stage are obtained from the first stage. If information of this correlation between different stages is indicated to UE in the form of QCL assumption, it is possible for UE to exploit the correlation to simplify the management procedure. For example, an instance of the second stage RS is indicated to be QCLed with one of the first stage TX beam RS, the UE could employ RX beams corresponds to the indicated TX beam without testing RX beams.
In 3GPP RAN1#86bis meeting, it was agreed to introduce a new spatial QCL parameter(s) to support UE side beamforming/receiving procedure. As the exact parameter is yet to be decided, we temporarily refer the parameter as RX beamforming parameter. Then the QCL parameters involving between different stages of beam management RS include Doppler spread, Doppler shift, delay spread, average delay and RX beamforming parameter.
Proposal 1:
· QCL relationship between RS of different beam management procedures shall be specified.

Conclusions
In this contribution, QCL relationship between RS for different beam management procedures is discussed, and the following proposal is given:
Proposal 1:
· QCL relationship between RS of different beam management procedures shall be specified.
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