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1 Introduction
In RAN #86 meeting [1], it was agreed to study beam management enhancement for simultaneous multi-TRP transmission and multi-panel reception in Rel-17. 
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
This paper first has a summary on the issues of current specification, and then provides the potential enhancements.

2 Issues of current specification
In NR, analog beam was introduced for transmission in FR2. Beam related mechanisms, like beam management, beam based initial access, beam based data transmission, have been widely studied and supported in Rel-15 and Rel-16. However, these mechanisms mainly focus on the transmission operation of the gNB. The reception operation of the UE is usually transparent to the gNB. For example, the Tx beam information should be indicated to the UE, while the Rx beam/panel information is not reported to the gNB. This seems not a big problem for single-TRP transmission, as the UE receives with a single beam/panel. While, when it comes to multi-TRP transmission, some issues may arise for multiple panel based reception. For example, in multi-TRP transmission where the UE uses two panels for reception, if the UE close one of the two panels without notifying this to the gNB, transmission error will be caused. 
Observation 1: If UE panel information is transparent to gNB, it may cause certain ambiguity in multi-TRP multi-panel based transmission.
On another hand, beam management has been introduced in Rel-15 and Rel-16. In Rel-15, RSRP based beam management mechanism is supported, including group-based beam management and non-group-based beam management. In Rel-16, L1-SINR based beam management was introduced to consider the impact of inter-beam interference. These beam management mechanisms are mainly designed for single-TRP cases. For M-TRP transmission, some enhancements for beam management may be needed. In current mechanism, the beam/resource configuration is not associate with TRP, and UE is unaware whether the measured beams are from single TRP or multiple TRP. If gNB want to UE to measure the beams from multiple TRPs, without the association between TRPs and resource configurations, UE cannot measure and report correctly. As an example, for a cell-edge UE, if the traffic is high in one TRP but light for the neighboring TRP, gNB may consider to offload part of data streams to the neighboring TRP even the beams may be better for performance in the original TRP. In such case, gNB configures the UE to measure and report the beams from two TRPs and do not want to UE only report beams within one TRP. 
Observation 2:  In some use cases, gNB requires UE to measure and report beams across multi-TRPs jointly.
The two reported beams are used for simultaneously transmission. When they are used to transmit different data layers, they may cause mutual interference. So, the interference between the two reported beam shall be identified by the UE and ensure that the two reported beams have limited mutual interference. However, for L1-SINR based beam reporting in Rel-16, the mutual interference between the two reported beams is not taken into account, as which 2 CMRs can be received simultaneously by UE is unknown when gNB configures IMR set for L1-SINR reporting.
Observation 3: Mutual interference between the reported beams is not considered in current beam management framework.

3 Potential enhancement
3.1 Multi-panel reception
Multi-panel related issues have already been discussed in Rel-16 for UL selective transmission. However, it was finally postponed to Rel-17 due to the too diverse discussion and limited progress. In Rel-17, Multi-panel operation for UL transmission and DL reception will be discussed synchronously in different WID. It can be even more difficult to reach a consensus if the discussion is still diverse like that in Rel-16. Hence, to avoid the situation in Rel-16, companies may need to first have some common sense on some basic assumptions, and then discuss under these assumptions.
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(a) RSRP gain                           (b) RSRP gap reduction
Figure 1. Gain of selecting 2 panels from 3 or 4 panels
1) Panel number
As the number of TRPs for M-TRP transmission is restricted to 2, the number of UE panels for reception should also be restricted to 2. In the discussion of evaluation assumptions, FR2 UEs can be equipped with more than 2 panels (e.g., 3 or 4 panels). When more than 2 panels are equipped, it allows the UE to select the best 2 of them for data reception which can provide some performance gains. In order to analyze the gain of panel selection from 3 or 4 panel, SLS simulation is conducted. We select the best two panels from the 3 or 4 panels, and record the RSRP of the best beam on each panel as the quality of the panel. RSRP gain of the two selected panels over the two fixed panels is shown in Figure 1(a). It can be found that, selecting 2 panels from 3 or 4 panels can bring obvious RSRP gain. For example, over 3 dB gain can be observed with 32% and 51% probability in 3-panel case and 4-panel case, respectively. 
In addition, we also analyzed the RSRP gap of the two selected panel. A smaller RSRP gap is preferred as the weakest layer is usually the bottleneck of multi-layer transmission. As shown in Figure 1(b), the RSRP gap between the two panels selected from 4 panels are the smallest, while the RSRP gap of the two fixed panels is the largest. This phenomenon can be easily understood with following example. Consider the RSRP of the 4 panels are {-80dBm, -100dBm, -90dBm, -85dBm}. If only the first two panels are equipped, the RSRP gap of the two panels is 20dBm. While, if three panels are equipped (panel 1-3), then panel 1 and panel 3 will be selected and the RSRP gap between them is 10dBm. While, if four panels are equipped, then panel 1 and panel 4 will be selected and the RSRP gap is 5 dBm.
Observation 4: Multi-panel selection for data reception is beneficial, if there are 3 or 4 panels equipped at UE.
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(a) Assumption 1                          (b) Assumption 2
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(c) Assumption 3
Figure 2. Panel operation assumptions
2) Panel operation assumption
Different UEs may have different preference on the operation of UE panel. For example, some UE has more concern on the power consumption and only want to activate one panel for DL reception and UL transmission. Some UE may care more about the performance of data transmission and is willing to transmit/receive with two panels. Some UE may prefer the tradeoff between performance and power saving, and only uses one of the two activated panels for reception. So, in order for easy alignment among the companies, some basic assumptions (called panel operation assumption) should be clearly defined as the scenarios for technique discussion. In our understanding, there are following three types of assumptions.
· Assumption 1: UE only activates one panel for data reception (Fig 2-a). 
· Assumption 2: UE activates two panels and both of them are used for data reception (Fig 2-b). 
· Assumption 3: UE activates two panels but only one of them is used for data reception at one time (Fig 2-c). 
Proposal 1: Panel operation assumptions 1, 2 and 3 should be clarified and defined, to be served as the starting point of further technique discussion.
3) Common panel for UL and DL
The UE may use one or more panels for DL reception, and one panel for UL transmission. When beam correspondence hold, the best beam for DL reception and the best beam for UL transmission are usually the same beam on the same panel. So, in most cases, the panel for UL transmission is a subset (one panel) from the panels for DL reception. For example, panel #1 and #2 are activated by the UE. The UE can use panel #1 and #2 for the simultaneous reception, and use one panel from #1 and #2 for UL transmission. 
Proposal 2: The panel for UL transmission should be selected from UE panels used for DL reception.
A list of issues have been discussed for UL panel selective transmission in Rel-16, such as panel ID definition, panel status management, multi-panel beam measurement, etc. But, no consensus was reached. These issues should also be studied for supporting DL multi-panel reception. So, they can be considered as a starting point.
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., resource set ID). The form of panel ID should be first clarified. 
Panel status management: The status of each panel needed to be informed to the gNB, so that the gNB can schedule data transmission based on the panel status. Status like “on/off” can be considered as a starting point. Medial status can also be introduced if needed. Signaling on panel status alignment between gNB and UE also needs to be studied.
Multi-panel beam measurement: There is a set of beam on each panel. The quality of each beam directly determine the utility of each panel. For example, only the panels with qualified RSRP can be used for transmission. Beam management framework should be enhanced to support multi-panel beam measurement.
Panel power consumption: Increasing power consumption is a bottleneck of simultaneous multiple panels activation. In order to reduce the power consumption and improve the power or energy efficiency, some panel management based solutions on power saving can be study. For example, some solutions such as static or semi-static configuration on panel active/inactive status can be considered.
Proposal 3: Panel ID definition, panel status management, multi-panel beam measurement, and panel power consumption, need to be discussed in Rel-17.
3.2 Multi-TRP measurement
[bookmark: OLE_LINK6]Group-based beam reporting can enable the gNB to obtain a pair of beams for simultaneous transmission. So, it can be considered as a starting point. For example, as shown in Figure 3, the UE can be configured with a report setting with parameter groupBasedBeamReporting set to ‘enabled’, and an associated resource setting which contains the beams/resources of the two TRPs. Then, the UE will select two beams that can be received simultaneously by itself and report them to the gNB. As summarized in Section 2, since the gNB is not able to configure UE which TRP related beams it requires, UE determines which beam pair to measure and report by its implementation. In some cases, such as traffic offload, gNB requires a beam pair from different TRP (Case 1), but UE may measure and report two beams from the same TRP (Case 2). To address this issue, gNB configure UE to measure and report beams from two TRPs via configuration should be enabled in Rel-17.
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Figure 3. Group-based beam management in multi-TRP transmission scenario
Proposal 4: The mechanism that gNB configure UE to report multiple beams associated with different TRPs, shown in case 1 in Figure-3, should be supported.
3.3 Interference elimination
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Figure 4. Interference in multi-TRP transmission scenario 
As analyzed in Section 2, the two reported beam via group-based beam reporting may have strong mutual interference. Although L1-SINR has been introduced in Rel-16 for group based beam reporting, the mutual interference between the two reported beams still remain untreated. So, enhancement should be considered in Rel-17 to guarantee that the two beams reported by the UE in group-based beam management has low mutual interference. For example, as shown in Figure 4, when calculating L1-SINR of one reported CMR, the interference measured on the other reported CMR should be taken into account.
Proposal 5: The mutual interference of two beams from different TRPs should be considered in beam measurement and reporting.

4 Conclusion
This paper discusses the issues of current specification on UE panel management and beam management in supporting Multi-TRP transmission, and provides the potential enhancement directions. In summary, the following proposals are provided:
Observation 1: If UE panel information is transparent to gNB, it may cause certain ambiguity in multi-TRP multi-panel based transmission.
Observation 2:  In some use cases, gNB requires UE to measure and report beams across multi-TRPs jointly.
Observation 3: Mutual interference between the reported beams is not considered in current beam management framework.
Observation 4: Multi-panel selection for data reception is beneficial, if there are 3 or 4 panels equipped at UE.
Proposal 1: Panel operation assumptions 1, 2 and 3 should be clarified and defined, to be served as the starting point of further technique discussion.
Proposal 2: The panel for UL transmission should be selected from UE panels used for DL reception.
Proposal 3: Panel ID definition, panel status management, multi-panel beam measurement, and panel power consumption, need to be discussed in Rel-17.
Proposal 4: The mechanism that gNB configure UE to report multiple beams associated with different TRPs, shown in case 1 in Figure-3, should be supported.
Proposal 5: The mutual interference of two beams from different TRPs should be considered in beam measurement and reporting.


Appendix
Simulation parameters:
	Parameters
	Values

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

	Scenarios
	Dense urban (TR 38.901/38.913)

	UE Speed
	60 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
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