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Introduction
[bookmark: _GoBack]During RAN1 NR Ad hoc#2, many companies have shown their views on beam management procedures. Some important topics and agreements are summarized in [1] and [2]. 
In this paper, we first provide our views on the group-based beam reporting, then we will explain the reason why we support SS block for beam management.
Discussion on group-based beam reporting
In RAN1 #88, it is agreed that two alternatives of beam reporting is supported: Rx beam set based as Alt 1 and antenna group based as Alt 2. For Alt 1, how to construct the Rx beam set depends on UE implementation. One example is that each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel. For Alt 2, antenna group refers to receive UE antenna panel or subarray, and then UE should report information about N best Tx beams for each antenna group.
In RAN1 #88bis and RAN1 #89, many companies have shown their views on these two alternatives. However, decisions have not been made yet. To better understand these two alternatives, new agreements has been made as follows:
 (
Agreements:
The fo
llowing beam grouping criteria are considered:
A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
Down selection of the beam grouping criteria by next meeting
FFS in addition to the above grouping criteria, the following grouping criteria can be considered
C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.
C2
 
(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE
.
)
· For A1, different TRP TX beams reported for the same group can be received simultaneously at the UE. After Rx beam sets are constructed, the combination of Rx beams in each Rx beam set is fixed, and the corresponding Tx beams are fixed as well.
· For A2, different TRP TX beams reported for different groups can be received simultaneously at the UE. The combination of Tx beam can be determined by TRP considering traffic buffer status, channel information, scheduling method, etc.
In RAN1 NR Ad hoc #2, however, no consensus was achieved on the down selection between these two alternatives. 
A typical situation when TRP schedules multiple UE is that the configured beam pair to a UE may not be the best in order to perform spatial multiplexing. For example, 2 UEs are attached to a TRP as illustrated in figure 1. Tx beam 2 is the best Tx beam for UE1, and Tx beam 2 is an alternative beam. However, for UE 2, Tx beam 2 is also the best Tx beam. If TRP schedules these 2 UEs with their best Tx beams in the same time-frequency resource, intra-cell interference will occur and system performance will decrease. Thus TRP may configure Tx beam 1 (or beam 2) to UE 1 while Tx beam 2 (or beam 3) to UE 2 to avoid interfere each other.


Figure 1. Scenario with 1 TRP and 2 attached UEs
For Alt 2, no additional procedure is needed because TRP can select Tx beam for each UE flexibly. However, for Alt 1, all possible combinations of Rx beam should be reported to achieve the same flexibility, which will cause larger feedback overhead.
Observation 1: TRP may configure alternative Tx beam to UE in order to avoid intra-cell interference.
Assume a UE with 4 panels, each 2 of them have the same panning angle and mechanical downtilt angle, thus antenna ports in these 2 panel are spatially QCLed. After DL beam sweeping, 2 best beams of each panel need to be reported to TRP from UE, when performing beam reporting:
· For Alt 1, each Rx beam set contains 4 beams corresponding to 4 panels, at least 2 Rx beam sets should be constructed
· For Alt 2, each antenna group contains 2 Tx beams, 2 spatially QCLed panels can be treated as one antenna group, thus the number of antenna groups is 2.
We can conclude that Alt 2 can further reduce feedback overhead by taking advantage of spatial QCL assumption of antenna ports in different panels.
Observation 2: Alt 2 can further reduce feedback overhead by taking advantage of spatial QCL assumption of antenna ports in different panels.
To achieve robust NR-PDCCH transmission against channel blockage, UE can be configured to monitor multiple beam pairs simultaneously. Multi-beam based PDSCH can be used to achieve better performance as well. If beam failure event occurs with one of these beam pairs, beam recovery is needed, and the associated beam group(s) should be updated. 
· For Alt 1, the Rx beam set(s) containing blocked beam pair(s) will be out of date. UE should perform beam recovery and report new Rx beam set(s) to TRP.
· For Alt 2, since changing beam pairs doesn’t affect grouping of UE antennas, we can simply delete the blocked beam pair(s) in the associated antenna group. After beam recovery, new beam pair(s) can be added to the associated antenna group.
The analysis above shows that it’s easier to maintain antenna groups (Alt 2) than Rx beam sets (Alt 1).
Observation 3: It’s easier to maintain antenna groups (Alt 2) than Rx beam sets (Alt 1).
Based on these observations, we propose to select Alt 2 as beam reporting method, no the Alt 1.
Proposal 1: NR supports antenna group based beam reporting (Alt 2).
SS block for beam management
SS block is intended to be used for synchronization and initial random access. During RAN1#88bis, SS block was agreed to be used for L3 mobility as well. One of the main characteristics of SS block is that it’s a periodic, “always-on” signal. For carrier frequency above 6GHz, different SS blocks are transmitted with different beams, resulting in different coverage areas. 
During P1 procedure, a UE can be configured with multiple SS blocks. By calculating RSRP of each SS block, the UE selects the SS block with the maximum RSRP, and then reports the beam related information associated with RSRP. The beam used by SS block can be used for control/data transmission. Therefore, P1 procedure based on SS blocks can be used to obtain DL Tx/Rx beams. 
Observation 4: P1 procedure based on SS blocks can be used to obtain DL Tx/Rx beams.
As discussed in [3], there’s a need to search new candidate beam(s) with periodic reference signal. Therefore, it can be beneficial to use SS block to achieve this requirement. 
A UE in CONNECTED mode may be configured by gNB to monitor SS blocks, and reports one or multiple strong beam indices associated with their RSRPs. Usually these beams are relatively coarse than the beams used by CSI-RS, thus the calculated RSRP can not be compared with CSI-RS RSRP. However, with the reported SS block beam indices, gNB is able to narrow down the searching area for candidate beams, and the beam refinement can be accelerated and more efficient.
Observation 5: SS blocks can be used to search new candidate beams.
In RAN1 #89, agreements on support of QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS block have been made, details are listed as follows:
 (
Agreements:
Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
The other QCL parameters not precluded 
FFS: indication either explicit or implicit or configurable or a default
Note: default assumption may be no QCL
)
If a UE is configured with QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS block, the UE will be able to estimate beam quality of control channel by monitoring the corresponding SS block, for example, calculating the RSRP of the SS block. If the RSRP is lower than a threshold, beam failure is detected and beam failure recovery mechanism will be needed to find a new beam for control channel. 
Thus it’s an efficient way to detect beam failure by monitoring SS blocks.
Observation 6: SS blocks can be used to detect beam failure.
Proposal 2: SS block should be supported for beam management.
Conclusion
In this contribution, we have the following observations:
Observation 1: TRP may configure alternative Tx beam to UE in order to avoid intra-cell interference.
Observation 2: Alt 2 can further reduce feedback overhead by taking advantage of spatial QCL assumption of antenna ports in different panels.
Observation 3: It’s easier to maintain antenna groups (Alt 2) than Rx beam sets (Alt 1).
Observation 4: P1 procedure based on SS blocks can be used to obtain DL Tx/Rx beams.
Observation 5: SS blocks can be used to search new candidate beams.
Observation 6: SS blocks can be used to detect beam failure.
Based on these observations, we have the following proposals:
Proposal 1: NR supports antenna group based beam reporting (Alt 2).
Proposal 2: SS block should be supported for beam management.
[bookmark: _In-sequence_SDU_delivery]References
[1] R1-1711965 Beam management offline summary, Qualcomm
[2] Draft_Minutes_report_RAN1#AH_NR2_v010
[3] R1-1707085 Discussion on DL Beam Management, Beijing Xinwei Telecom Techn.
	1/4	
oleObject1.bin
3



image1.emf
2

1

3

UE 1

UE 2

TRP


