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1 Introduction
In RAN1 #102e meeting [1], the following agreements on beam management enhancement for M-TRP transmission were achieved. Some remaining issues were raised. In this paper, we provide our views on the issues.
	Agreement
For L1-RSRP, consider measurement / reporting enhancement to facilitate inter-TRP beam pairing 
· Option-1: Group-based reporting,  
· e.g., beam restriction to facilitate inter-TRP pairing.
· Option-2: Non-group-based reporting
Agreement
Evaluate and study at least but not limited to the following issues for multi-beam enhancement
· Issue 1: Consideration of inter-beam interference
· Issue 2: For group-based reporting, increased number of groups and/or beams per group
· Issue 3: UE Rx panel related beam measurement/report
· NOTE: “UE panel” is used for discussion purpose only
Agreement
· Evaluate enhancement to enable per-TRP based beam failure recovery starting with Rel-15/16 BFR as the baseline.
· Consider following potential enhancement aspects to enable per-TRP based beam failure recovery 
· Issue 1: TRP-specific BFD
· Issue 2: TRP-specific new candidate beam identification
· Issue 3: TRP-specific BFRQ
· Issue 4: gNB response enhancement
· Issue 5: UE behavior on QCL/spatial relation assumption/UL power control for DL and UL channels/RSs after receiving gNB response
Agreement
Study Rel.17 enhancements on beam management for multi-TRPs with following priority
· High priority:
· Beam measurement/reporting enhancement
· Beam failure recovery for multi-TRP
· Low priority
· Simultaneous reception of same type of channel/RS with different QCL-TypeD
· Simultaneous reception of different type of channel/RS with different QCL-TypeD



2 Beam management enhancement for M-TRP
2.1 Beam reporting
In the last meeting, group-based beam reporting and non-group-based beam reporting were both discussed. Both group-based beam reporting and non-group-based beam reporting are supported in Rel-15. These two schemes can both work for M-TRP scenarios. So, both group-based and non-group-based beam reporting should be supported in Rel-17.
For group-based beam reporting, one or multiple beam groups composed of beams from different TRPs can be reported to the gNB in one report. As discussed in [2], M-TRP based beam management is beneficial for traffic offload between TRPs, where gNB can configure UE to report the beams from different TRPs. One straight forward way for gNB’s configuration is that different TRPs are associated with different resource sets, then UE can identify beams from different TRPs and determine the beam groups for M-TRP transmission. Please note that if the number of resource sets is configured as 1 for group-based beam reporting, the channel measurement and reporting is for single TRP case. 
Proposal 1: For group-based beam reporting, the relationship between TRPs and resource sets need to be defined to enable UE reporting different beams from different TRPs.
In non-group-based beam reporting, beams of different TRPs are configured, measured and reported independently. To imply that the reported beams in the two reports can be received simultaneously by UE, the association between report settings (across different beam reports) need to be configured to UE.
Proposal 2: For non-group-based beam reporting, the association between different reports should be defined to enable simultaneous transmission from multiple TRPs.

2.2 Interference between the two TRP
The two reported beams are used for simultaneously DL transmission with different data. The two beams may cause mutual interference for each other. To mitigate the mutual interference from different TRPs, the interference between the two reported beam should be identified by the UE and ensure that the two reported beams have low mutual interference. As shown in following Figure-1, if the reference signal resource (RS)-1 and RS-2 will be beam pairs from M-TRP transmission, the two beams will be with mutual interference for each other. To consider the mutual interference in beam reporting, L1-SINR based reporting should be supported for the M-TRP beam management. Specifically, RS -1 and RS-4 shown in Figure-1 is for channel measurement and interference measurement at the same time, i.e., if RS-1 is for channel measurement, then RS-4 is for interference measurement; at the same time, RS-1 is assumed as interference measurement when channel is measured through RS-4. 
Proposal 3: Mutual interference between the reported beam pairs should be considered for L1-SINR calculation in beam reporting for M-TRP.
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Figure 1. Interference between two TRPs

2.3 Number of beam groups
In the last meeting, it was agreed to study whether need to increase the number of beam groups for group-based beam reporting, where a beam group is a group of beams for simultaneous transmission, i.e., two beams from two TRPs. 
Increasing the number of beam groups for M-TRP based transmission can be considered, since the scheduling flexibility will increase by increasing the number of candidate beam pairs reported by UE. For example, two or four candidate beam pairs for each UE is much more flexible for MU scheduling when MU-interference is considered. Figure 2 shows the SLS evaluation results for different number of beam groups, where MU scheduling is assumed. With multiple beam groups for selection, interference can be well eliminated with flexible scheduling of Tx beams. As shown in the figure, compared to single beam group reporting, 8.9% and 15.2% throughput gain can be achieved with 2 and 4 reported beam groups, respectively. Simulation assumption is given in the Appendix.
Proposal 4: The number of beam groups in group-based beam reporting can be 1, 2, or 4.
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Figure 2. Performance gain with more than 1 beam group reported

2.4 UE Rx panel related beam management
It was agreed to study UE panel related beam management in the last meeting. Before directly get into the detail of panel related beam management, UE panel related functionalities should be clarified first. UE-panel related issues have already been discussed in Rel-16 for UL selective transmission. However, it was finally postponed to Rel-17 due to too diverse discussion and limited progress. Fortunately, a list of critical issues have been identified in Rel-16, such as panel ID definition, panel power saving, panel status alignment, etc. These issues can be taken as the starting point of Rel-17 discussion.
Panel ID definition: Panel ID definition has been discussed in Rel-16. The major divergence of the discussion is the form of the ID: a dedicated ID for each panel or an existing ID of other items (e.g., ID for SRS resource set for beam management). Both dedicated panel ID and existing ID of other items can work for identifying panels. Reusing the ID of other items may cause ambiguity in some cases. For example, if adopting the ID of SRS resource set for BM as panel ID, how to identify the panel for UE without UL beam management procedure is questionable.
Panel power saving: Increasing power consumption is a bottleneck of activating multiple panels. In order to reduce the power consumption and improve power efficiency, power saving objective should be considered in panel operation methodology. For example, UE can control the activation and inactivation of its panels to enable power saving. 
Panel status alignment: In Rel-15/16, UE panel status is transparent to the gNB. This leads to performance loss in transmission. For example, if the UE changes its Rx panel without reporting to the gNB, the gNB will still use the original Tx beam toward the original UE panel for transmission. In Figure 3, we simulate the RSRP gap between the original Tx beam and the best Tx beam toward the switched UE panel. It can be found that, 2~4 dB performance loss is suffered if the gNB without the information that UE switched receive panels. Consequently, panel status alignment between gNB and UE is requisite. Status like activated/inactivated can be considered as a starting point.
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Figure 3. Average RSRP loss due to transparent UE panel selection

Proposal 5: For multiple panel reception, the Panel ID definition, Power Saving and Panel status reporting should be discussed firstly. 

3 TRP specific BFR
In the last meeting, it was agreed to study TRP-specific BFR. A list of issues, including TRP-specific BFD and NBI (new beam identification), were raised for discussion. In this section, we provide our views on these issues. 
In Rel-15 and Rel-16, beam failure detection and new beam identification are performed in cell level. That is, a group of BFD resources and NBI resources are configured for each cell. In order to support TRP-specific BFD and NBI, BFD resources and NBI resources for each TRP should be configured, so that the UE can know which TRP has beam failure event and identify new beam for that TRP. One way is to configure a group of BFD resources and a group of NBI resources for each TRP by containing a TRP related index in each BFD/NBI resource group. However, TRP related index is not supported in current spec. Although CORESETPoolIndex was introduced in Rel-16, it is only used for multi-DCI case. 
Another method is to build association between a BFD resource group and a NBI resource group, where the associated BFD resource group and NBI resource group contain resources of a TRP. When beam failure is detected with a BFD resource group, new beam identification can be executed within the associated NBI resource group. In this way, TRP-specific BFD and NBI is realized.
Proposal 6: To support TRP-specific BFR, multi-group resources for BFD and NBI should be configured to a UE, where an association between BFD RS groups and NBI RS groups need to be defined. 
After detecting beam failure on a TRP (i.e., detecting beam failure with one BFD resource group), the UE can send BFRQ to the gNB. New candidate beam, if any, can be reported to the gNB via BFRQ. BFRQ can also indicate that there is no new candidate beam in the NBI resource group. 
In addition, BFD group ID or NBI group ID should be included in BFRQ to indicate the TRP with beam failure. With such information, the gNB can switch to Single TRP transmission before the new beam is ready for transmission, if one TRP is blocked.
Proposal 7: BFRQ is sent to gNB when beam failure is detected in one BFD resource group associated to a TRP.
Proposal 8: BFRQ can include the following contents:
· Indication of new candidate beam information or indication of no candidate beam in corresponding NBI resource group
· BFD/NBI resource group ID.

4 Conclusion
This paper discusses the issues of current specification on beam management enhancement for Multi-TRP transmission. In summary, the following proposals are provided:
Proposal 1: For group-based beam reporting, the relationship between TRPs and resource sets need to be defined to enable UE reporting different beams from different TRPs.
Proposal 2: For non-group-based beam reporting, the association between different reports should be defined to enable simultaneous transmission from multiple TRPs.
Proposal 3: Mutual interference between the reported beam pairs should be considered for L1-SINR calculation in beam reporting for M-TRP.
Proposal 4: The number of beam groups in group-based beam reporting can be 1, 2, or 4.
Proposal 5: For multiple panel reception, the Panel ID definition, Power Saving and Panel status reporting should be discussed firstly. 
Proposal 6: To support TRP-specific BFR, multi-group resources for BFD and NBI should be configured to a UE, where an association between BFD RS groups and NBI RS groups need to be defined. 
Proposal 7: BFRQ is sent to gNB when beam failure is detected in one BFD resource group associated to a TRP.
Proposal 8: BFRQ can include the following contents:
· Indication of new candidate beam information or indication of no candidate beam in corresponding NBI resource group
· BFD/NBI resource group ID.


Appendix
Simulation parameters:
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz,
· SCS: 120 kHz
· BW: 80 MHz

	Scenarios
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor

	UE Speed
	3 km/h (for outdoor UEs, Dense Urban)

	Transmission Power
	Maximum Power and Maximum EIRP for base station and UE as given by corresponding scenario in 38.802 (Table A.2.1-1 and Table A.2.1-2)

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-6, Table A.2.1-7

	UE Antenna Configuration
	Number/location of Panels
· 2,3,4 Panel UEs 
Panel structure
· 1x4x2 (Baseline)
· Other panel structures optional (company to report)

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8, Table A.2.1-10

	Beam correspondence
	Not involved

	Link adaptation
	Based on CSI-RS

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes (other value is not precluded).
Other traffic models including the full buffer are not precluded.

	Inter-cell mobility related
	Companies to explain cell association scheme

	Panel Blockage Modeling
	Not involved 

	MPE Modeling
	Not involved

	UE-side panel switching latency
	Not involved

	UE Mobility, trajectory handling and UE rotation
	Not involved

	Inter-panel calibration for UE
	Ideal, non-ideal following 38.802 (optional) – Explain any errors

	Control and RS overhead
	Not involved

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	DFT

	Transmission scheme
	Not involved

	Algorithm details (when applicable)
	Beam reporting mechanism: report beam with best RSRP
Beam metric: L1-RSRP
Number of active panels: 2

	Performance metrics (when applicable) 
	RSRP




References
[bookmark: _Ref16635710]“3GPP RAN1 #102e” Chairman’s Notes”, 17th - 28th August, 2020.
R1-2006393, “Enhancements on multi-TRP for multi-panel reception in Rel-17”, 17th - 28th August, 2020.

image3.png
n < oo N « O

(9p) sso| dYSY 28esany

HLOS mLOS+NLOS mNLOS




image1.png
Panel 1 I' I Panel 2

groupBasedBeamReporting: enabled





image2.png
Spectrum efficiency

A
o o o

5.4

v
(I

s B
o

Throughput gain with multiple beam groups

15.2%

8.9% W One beam group

B Two beam groups
0.0% B Four beam groups





