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1 Introduction
In RAN1#85 [1], agreed to consider beam management procedures under different assumptions of channel reciprocity and study different methods of determining Tx/Rx beams, and the following agreements were made:
	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


In RAN1#86 [2], beam management procedures were further discussed, and the following agreements was achieved:
	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 this contribution, the first beam management procedure P-1 would be further discussed.
2 Discussion
NR system in high frequency band (above 6 GHz) is expected to be multi-beam based system. For initial access, beam-sweeping is fundamental to ensure the coverage of a serving cell. The NR system generally deploys with a not large number of wide beams for beam-sweeping to deliver the first initial access signals to each UE, while keeping a reasonable sweeping overhead. During the RACH procedure, a coarse-beam alignment between TRP and UE can be built over the beam-sweeping for the first initial access signals. Meanwhile, the TRP Tx beams of the coarse-beam alignment can be utilized to build a robust control channel for delivering subsequent system information and the configuration of the first beam management procedure P-1.
In the phase after coarse-beam alignment, the first beam management procedure P-1 can be performed to achieve a fine-beam alignment on narrow beams. Due to the large pathloss and penetration loss in high frequency band, the NR system may deploy with a large number of narrow beams to cover one cell. Fortunately, the search area can be diluted down by leveraging the coarse-beam alignment. In this case, each TRP deploys multiple candidate Tx fine-beams to cover an intended search area, and beam determination is performed in each UE by selecting one or more desired Tx beams from these candidate TPR Tx fine-beams. On the other hand, the reference signal (RS) for the first beam management procedure P-1 is agreed in RAN1#86bis [3] to be mobility RS and/or CSI-RS.
To achieve the fine-beam alignment in P-1, plenty of studies have been proposed, and they can be roughly divided into two different ways:
· Transparent approach
· Non-transparent approach
which are discussed in the following subsections, respectively. 
2.1 Transparent approach
By transparent approach, the first beam management procedure P-1 will be based on a beam-sweeping of the candidate TRP Tx fine-beams. According to the UE measurement on the reference signal of these candidate TRP Tx fine-beams, UE reports the beam indices (or IDs) associated with the selected N TRP Tx fine-beams to TRP. In this beam determination, UE does not require explicit configurations of the swept TRP Tx beams, but only requires beam index (or ID) of the detected TRP Tx beams regardless of implicit or explicit methods. 
Advantages of transparent approach are that the signaling of TRP Tx beams can be configured by few bits in a control channel, and the candidate TRP Tx fine-beams can be selected arbitrarily without constraining in a predefined codebook. The main drawback of transparent approach is that the sweeping overhead is expensive especially for large-scale antenna systems, which may deploy with a very large number of candidate TRP Tx fine-beams, and the total time for beam-sweeping may not be confined to a slot of subframe duration.
Observation 1: Although the search area can be diluted down by leveraging coarse-beam alignment during initial access, the sweeping overhead of transparent fine-beam alignment would still be expensive for large-scale antenna systems.
2.2 Non-Transparent approach 
By non-transparent approach, the swept TRP Tx beams are known for each UE. Moreover, the candidate TRP Tx fine-beams might not be used for beam-sweeping. In this case, a set of training-specific Tx beams would be swept by TRP, and they are different from those candidate TRP Tx fine-beams. In light of this, each UE is made aware of these training-specific TRP Tx beams by receiving an explicit signaling from TRP. In this signaling, information about the explicit configurations of training-specific TRP Tx beams and candidate TRP Tx fine-beams may be included, respectively. Since a robust control channel is built the over the coarse-beam alignment, the explicit beam configurations can be delivered to each UE.
According to the UE measurement and the explicit beam configurations, the best TRP N Tx fine-beams are selected based on the predefined candidate TRP Tx fine-beams. By exploiting the sparse nature of physical channel, non-transparent approach can use some advanced algorithms to determine the desired TRP Tx fine-beams by sweeping only a small number of training-specific TRP Tx beams [4][5]. Thus, the sweeping overhead would be significantly reduced. On the other hand, the training-specific TRP Tx beams for each TRP can also be well designed for mitigating inter-cell interference in multiple TRP scenario. 
A main drawback of non-transparent approach is the control signaling overhead for delivering explicit beam configurations. Therefore, how to reduce the overhead should be further studied.
Observation 2: The non-transparent fine-beam alignment may use different TRP Tx beams for UE measurement and the corresponding beam determination due to own purposes for sweeping overhead reduction or inter-cell interference mitigation, etc.
Observation 3: Due to the requirement of explicit beam configurations, control signaling overhead would be a challenge for non-transparent approach.
3 Conclusions
This contribution proves our observations of the approaches for the fine-beam alignment in P-1 as following:
Observation 1: Although the search area can be diluted down by leveraging coarse-beam alignment during initial access, the sweeping overhead of transparent fine-beam alignment would still be expensive for large-scale antenna systems.
Observation 2: The non-transparent fine-beam alignment may use different TRP Tx beams for UE measurement and the corresponding beam determination due to own purposes for sweeping overhead reduction or inter-cell interference mitigation, etc.

Observation 3: Due to the requirement of explicit beam configurations, control signaling overhead would be a challenge for non-transparent approach.
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