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Introduction
In previous meetings, the following agreements were made:
Agreements:
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· A reporting setting at least including
· Information indicating selected beam(s)
· L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· 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, beam selection rules for assisting rank selection for MIMO tx, etc.
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc .)
· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis

As agreed on RAN2 #95bis meeting, UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. And how beams are identified is for further study. In this contribution, we discuss a bitmap based beam indication for beam management with low-overhead. 
Beam indication with low-overhead
According to the agreement in RAN2 #95bis meeting, UE should have the capability of reporting multiple best beams. The reporting field should include the beam indication to distinguish different beams. When the number of reported beams is too large, the feedback overhead for beam indication will be very high. So, beam indication method with low signalling overhead should be investigated.
Beam indication method with low signalling overhead should be investigated.
To support multiple-beam reporting, we propose a bitmap indication method where a bitmap is included in the reporting field. As beam grouping has been agreed in RAN2 #95bis meeting, both beam group based beam indication and non-beam-group based beam indication should be investigated. In the following, we will discuss the bitmap indication with and without beam grouping.
a) Bitmap indication without beam grouping
When multiple best beams are needed to be reported, use a bitmap for the indication of multiple beams. Assume a TRP has K beams. If beam grouping is not adopted, when UE reports measurement result, a K bit bitmap where 1s denote the selected best beams and 0s are beams not satisfy the condition can be used to indicate the selected N beams. As illustrated in Figure 1, using the proposed method, a K-bit sequence {00…0110…010} and the corresponding beam quality will be reported to TRP.


[bookmark: _Ref465776721]Figure 1 Beam indication field for reporting without beam grouping
Bitmap based beam indication method can be used for multiple beam reporting.
b) Bitmap indication with beam grouping
When beam group is adopted, the beam indication can be identified with a two layer beam indication. Then, both the beam indication and beam group indication can be indicated with a bitmap. There are two options can be adopted.
· Dual-bitmap indication solution
Assume a TRP has K beams and the beams are divided into G groups. Then the best beams can be indicated with a dual-bitmap indication. As shown in Figure 2, the reporting region for beam indication is divided into two parts, which are beam group indication and best beam indication in this group. When best beams are located in one group, only one group’s bitmap is needed. For example, in Figure 2(a), beams {#kg+1 #kg+2} in group #g are selected for the best beams and reported to TRP. When best beams are located in multiple groups, more than one group’s bitmaps are needed. For example, in Figure 2(b), beams {#kg+1 #kg+2} in group #g and beams {#kg+1, #kg+1+2, # kg+1+3} in group #(g+1) are selected for best beams and reported. In this solution, only the beam indication overhead will increase with the increasing of number of groups. However, beam group indication overhead doesn’t increase with the increasing of number of groups.

 
[bookmark: _Ref489972370]Figure 2 Beam indication field for beam group based reporting with dual-bitmap indication
· Hybrid indication solution
Assume a TRP has K beams and the beams are divided into G groups. Just like the dual-bitmap indication solution, the reporting region for beam indication of hybrid indication solution is also divided into two parts, i.e., beam group indication and best beam indication in this group. Different from dual-bitmap indication solution, beam group ID is used for beam group indication. Then the best beams can be indicated with beam group ID and bitmap hybrid indication manner. Beam group ID can be a predefined sequence with a given bits according to existing proposals [R1-1610243, R1-1611670]. Best beam indication in a group is expressed with a bitmap.
When best beam are located in one group, only one group ID and this group’s bitmap are needed to be reported. For example, in Figure 3(a), beams {#kg+1 #kg+2} in group #g are selected for the best beams and reported to TRP. However, when best beams are located in multiple groups, more than one group IDs and the corresponding bitmaps are needed. For example, in Figure 3(b), beams {#kg+1 #kg+2} in group #g and beams {#kg+1, #kg+1+2, # kg+1+3} in group #(g+1) are selected for best beams and reported. For this solution, the feedback overhead of beam group indication increases with the number of beam groups.


[bookmark: _Ref489972427]Figure 3 Beam indication field for beam group based reporting with hybrid indication
When beam group is adopted, the beam indication can be identified with a two layer beam indication.
Bitmap can be used to indicate the group ID when the beam group based reporting is adopted.
Feedback overhead analysis





R1-1610243 proposes the beam report information should include N * (logical beam index + (strength and/or quality)) + group ID per beam group having signal quality or signal strength above some threshold (or alternatively the N-best beams). Beam index definition is given as BI = antenna_port_index*sweep_block_index. In this solution, all the best  beam indices will be reported. Beam index definition is not clear in this proposal. In the following, we assume the beam index is numbered with 1, 2, …,,, where  is the number of beams.
To explore the overhead saving for our proposed solution, we compared the beam ID reporting solution and our proposed solution. As the signal quality or signal strength for the selected beams are the same for both solutions, only the beam indication overhead are compared. Both beam-grouping and non-beam-grouping based solutions are compared. In the following, the traditional solution in proposal R1-1610243 is treated as the baseline.
(1) Beam reporting without beam grouping


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Assume there are  beams for each TRP without beam grouping. Then at least  bits are needed to indicate each beam.

If  best beams are selected to be reported, then the feedback overhead for beam indication can be described as follows.

                            	 (1)

However, if bitmap solution is adopted, the feedback overhead for the  beam indication can be described as follows.

                                        (2)
The feedback overhead of our proposed solution and the traditional solution is compared for a given number of beams.
[image: ]
[bookmark: _Ref489971916]Figure 4 Overhead comparison (beam number K=16).

Assume the number of beams for one TRP is 16. As shown in Figure 4, the feedback overhead of traditional solution increases linearly with the increasing of number of reported best beams . However, the overhead of our proposed solution is a constant. There is a cross point for the traditional solution and our proposed solution. When the number of best beams is higher than the cross point, such as 4 in this simulation, our proposed solution will be better than the traditional solution.
(2) Beam reporting with beam grouping




Assume each TRP has  beams which are allocated to  groups. For simplicity, the number of beams in each group is assumed equal in the analysis. Each beam can be indicated with two-layer ID which are beam group ID and beam ID. At least  bits are needed to indicate one group ID. At least  bits are needed to indicate one beam ID in a group.


If  groups which group has  best beams are selected to be reported, then the feedback overhead for beam indication can be described as follows.

                                 (3)

For our proposed bitmap solution, beam can be identified with bitmap and beam group can be identified with a group ID which is similar with traditional solution. We call this solution as single-bitmap indication. Then the feedback overhead for the  groups of beams can be described as follows.

                                     (4)

For our proposed bitmap solution, the group indication can also be identified with a bitmap. We call this solution as dual-bitmap indication. Then the feedback overhead for the  groups of beams can be described as follows.

                                         (5)
[image: ]
[bookmark: _Ref489971924][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Figure 5 Overhead comparison (beam number K=64, group number G=8).
Assume the number of beams for one TRP is 64 and the beams are divided into 8 groups with 8 beams in each group. The beam reporting for 1, 2, 4 groups are considered. As shown in Figure 5, no matter how many groups are needed to be reported, there still be cross points for the traditional solution and our proposed solutions. The proposed two solutions perform better when reporting a number of beams more than the cross point. There is a turning point for the proposed dual-bitmap indication solution and single-bitmap indication solution. The dual-bitmap indication solution has the advantage when more than a certain groups to be reported. 
From the above analysis and examples, we can see there is always a cross point for the two solutions. If the proposed solution is adopted, the feedback reporting overhead will be greatly reduced when more than a given number of beams needed to be reported.
When the number of best beams to be reported is higher than a given threshold, the bitmap indication should be supported as a low-overhead solution for beam indication.
Conclusions
Based on the discussion in this contribution we propose the following:
1. Beam indication method with low signalling overhead should be investigated.
1. Bitmap based beam indication method can be used for multiple beam reporting.
When beam group is adopted, the beam indication can be identified with a two layer beam indication.
Bitmap can be used to indicate the group ID when the beam group based reporting is adopted.
When the number of best beams to be reported is higher than a given threshold, the bitmap indication should be supported as a low-overhead solution for beam indication.
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