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1. Introduction
In the RAN 1 #85 meeting some agreements on beam management has been achieved as follows [1] [2].
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
In this contribution we provide our views on the beam management with prior beam information. In our companion contribution [3], we have discussed beam management without prior beam information. UE can use such procedure to acquire the initial beams and to autonomous maintain the beams. After UE has acquired initial beams, TRP and UE have some prior beam information to further manage the beams during data communication. The prior beam information can include some feedback of beam quality such as beam based RRM measurement reports. And during data communication, UE may rotate, move or experience channel blockage, and the TRP beam and UE beam may change, which may be reported to the TRP. Then it would be necessary to manage the beam according to the feedback beam quality. But TRP should have more freedom to manage the beams as Prior beam information is available.
2. Beam Management Scenario
For the multi-beam operation, both the TRP and UE may maintain multiple beams. A best TX-RX beam pair can be helpful to increase the link budget. The UE may be able to measure the beam quality of each TRP beam with corresponding UE beam, and then report this beam quality to TRP. As a result of UE movement, rotation and blockage, the beam quality may change. As shown in Figure 1, there could be the following cases with regard to the beam change.
· Case 1: TRP beam changed, UE beam unchanged
· Case 2: TRP beam unchanged, UE beam changed
· Case 2a: TRP beam unchanged, UE beam gradual changed
· Case 2b: TRP beam unchanged, UE beam abrupt changed
· Case 3: TRP beam changed, UE beam changed
· Case 3a: TRP beam changed, UE beam gradual changed
· Case 3b: TRP beam changed, UE beam abrupt changed


Figure 1: Beam change cases
For case 1, as the UE beam does not change, it may not be necessary to refine the UE beam if the TRP would like to switch to the new beam. This can be achieved using beamformed CSI-RS. For case 2, there can be two sub-cases: one for gradual UE beam change; the other for abrupt UE beam change. For case 2a, it may result from UE gradual rotation, so that the best UE beam is gradually changing, or it may be from UE beam refinement based on both the signal beam and interference beam; for case 2b, it may be like a fully UE beam refinement procedure which supports full UE beam scan for the same network beam. For example the UE used a good beam to accomplish the initial access procedure and then it needs to find out the best UE beam for data communication. Further and it can allow UE to optimize its reception beam real time and not from a pre-stored beam codebook. A typical scenario is that UE observes same TRP beams multiple times to derive optimal beamforming weight. Hence some signals for the UE to refine the UE beam may be useful in order to get higher link gain. For case 3, there can be also two sub-cases: one is that the beam is gradual changed, which indicates the new UE beam may be around current UE beam. A typical scenario of case 3a is beam tracking; the other is that the beam is abruptly changed, which implies that the new UE beam may not be around current UE beam. A typical scenario of case 3b is beam switching due to channel condition or scheduling decision. To support the beam change in case 2 and case 3, where the new UE beam may come from a UE beam codebook or not, some enhancement on dedicated beamformed reference signal to allow the UE to sweep the RX beams is necessary. 
Observation 1: there can be different UE beam change scenarios as a result of UE rotation, movement, channel blockage and other reasons and those cases shall be considered for beam management with prior beam information.
3. Dedicated Beamformed Reference Signal Structure
To enable the UE to do beam sweeping, one way is to transmit multiple symbols with repeated signals with the same TRP beam. Then the UE could find out the best UE beam by detecting the multiple repeated signals using different UE beams. However if one repetition can be transmitted in one symbol, the overhead for DBRS is too large. Hence it would be good if multiple repetitions can be mapped in a TDM manner within one symbol, so that the UE could try different UE beams for different repetition. To save the overhead, there can be two ways to transmit the DBRS: one is to utilize a larger subcarrier spacing, by which the duration of DBRS symbol can be shorten than other symbols; the other is to use the IFDMA based signal that could create a repeated signal structure in time domain.
3.1 Larger subcarrier spacing based DBRS
For the DBRS with larger subcarrier spacing approach, the subcarrier spacing for the BRS can be , where  indicates the subcarrier spacing for data and control signal. Then in one symbol, there can be N DBRS symbols. Thus one TRP beam can be applied to one symbol and the UE could try N UE beams within this symbol.  
As illustrated in Figure 2, the subcarrier spacing for DBRS is . Then there are 4 DBRS symbols within one OFDM symbol. The time domain signal for the DBRS could consist of 4 repetitions and each repetition contains CP and DBRS data. Hence, for one TRP beam applied in this symbol, the UE could try 4 different UE beams to receive each repetition and find out one best beam among these beams. The best beam may be the one with highest DBRS Receiving Power (DBRS-RP). 

Figure 2: Larger subcarrier spacing based DBRS
Observation 2: larger subcarrier spacing based approach can help to create multiple repetitions in time domain within one symbol and each repetition could have a CP+data structure.
3.2 IFDMA based DBRS
For the IFDMA based DBRS, the DBRS signals can be mapped to every N subcarriers in one symbol. Then for the time domain signal, there can be N repetitions observed if one TRP beams is applied. Similarly the UE could try N UE beams within one symbol and each beam is used to receive each repetition.
Figure 3 illustrates the resource mapping structure for IFDMA based DBRS, where the DBRS symbol can be mapped to every 4th subcarrier which starts from the first subcarrier. Then one TRP beam can be applied to this symbol. After transformed to time domain, there can be 4 repetitions after CP. The UE could try 4 UE beams within this symbol and each UE beam is used to receive one replica. Thus the UE beam refinement can be done with the help of DBRS.


Figure 3: IFDMA based DBRS
Observation 3: IFDMA based approach can help to create multiple repetitions as well as a common CP in time domain within one symbol.
Either IFDMA based DBRS or larger subcarrier spacing based IFDMA can help to create repeated signal within one symbol. To enable UE beam sweeping, the same TRP beam can be applied to each repetitions.  For different beam management cases discussed in section 2, different number of DBRS symbols can be used. For gradual beam change, as the new UE beam may be around current UE beam, small number of DBRS symbols can be enough. For example, 1 DBRS symbols can be used. For abrupt beam change, as the new UE beam may be far from current UE beam, which may need a full UE beam sweeping, more DBRS symbols can be needed. Therefore generally the DBRS should be configurable so as to be adapted to different beam management scenarios with limited overhead. Further to enable some advanced beam sweeping scheme, such as hierarchical beam searching discussed in [2], some guard period between DBRS symbols may need to be further studied. 
Proposal 1: RAN1 to study the DBRS structure which can be used for UE beam sweeping with limited overhead, such as larger subcarrier spacing based approach and IFDMA based approach.
Proposal 2: RAN1 to study the configurable DBRS so as to make the DBRS structure be aligned with the beam management scenario and limit its overhead. 
4. Conclusions
In this contribution we have provided our views on beam management with prior beam information. From the discussion, we have achieved the following observations and proposals.
Observation 1: there can be different UE beam change scenarios as a result of UE rotation, movement, channel blockage and other reasons and those cases shall be considered for beam management with prior beam information.
Observation 2: larger subcarrier spacing based approach can help to create multiple repetitions in time domain within one symbol and each repetition could have a CP+data structure.
Observation 3: IFDMA based approach can help to create multiple repetitions as well as a common CP in time domain within one symbol.
Proposal 1: RAN1 to study the DBRS structure which can be used for UE beam sweeping with limited overhead, such as larger subcarrier spacing based approach and IFDMA based approach.
Proposal 2: RAN1 to study the configurable DBRS so as to make the DBRS structure be aligned with the beam management scenario and limit its overhead. 
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