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1. Introduction
In RAN#86 meeting, a new WID for enhancement of NR-MIMO was approved for Rel-17. In the WID [1], the objective of enhancing multi-TRP operation has been listed as follows:
1. 
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
In this contribution, some potential enhancements on “2c. beam management for multi-TRP operation” including multi-panel/TRP based beam measurement, group based beam reporting, antenna group/panel indication for DL transmission, and simultaneous transmission of different DL channel(s) and RS(s) are discussed for NR Rel-17.
2. Enhancement(s) on DL beam measurement and reporting
In this subsection, some potential enhancements including multi-panel/TRP based beam measurement, group based beam reporting are discussed for NR Rel-17.
2.1 Multi-beam measurement in multi-panel/TRP case
Consideration on constraints of TRP antenna panels should be taken for selecting Tx beam(s) for downlink, like the maximum number of SRS resource sets that can be configured for UL beam management in NR Rel-15. For instance, Tx beams generated from one Tx panel cannot be transmitted simultaneously. Therefore, enhanced signaling or configuration would allow gNB to inform this kind of information of UE for beam reporting. 
· For one TRP, there may have more than one TRP panels, but these multiple panels often share the same boresight and similar large-scale channel properties. If beam management is done for each individual panel, the overheads of beam measurement and reporting per Tx panel per TRP is very high and NOT necessary. 
· Therefore, from beam management perspective, these TRP panels from one same TRP can be represented by one out of these panel, and the beam(s) generated by the selected panel can be virtualized as one group, in which no more than N beams can be simultaneously transmitted, where N depends on gNB capability. Furthermore, in multi-TRP case, gNB can configure multiple groups, respectively, each of which is associated with one TRP.
One example for multi-beam measurement in multi-panel/TRP case can be found in Figure 1, where there are two TRPs that are deployed with 4 panels and 1 panel, respectively. For TRP-1, only one panel is used for generating candidate Tx beam(s) for sweeping, rather than the whole 4 panels.
Observation 1: For one TRP, there may have multiple TRP panels sharing the same boresight and similar large scale properties, and consequently beam measurement for one out of the multiple panels (instead of each of the panels) is sufficient for supporting the subsequent CSI acquisition and data transmission.
· In such case, the overhead of measurement RS and UL reporting can be significantly saved compared with per-panel per-TRP measurement.


 Figure 1 DL multi-beam measurement scenario for multi-TRP transmission with multi-panel reception
Consequently, when a UE selects beams for simultaneous receiving in group based beam reporting, the selection rules should follow the constraint that the number of these beams (to be reported for simultaneous receiving) from one same TRP should satisfy its capability of simultaneous transmission, e.g., no more than N. 
Proposal 1: Information on simultaneous transmission capability from each of TRP can be indicated for the assist of DL beam determination in UE reporting.
· Study the configuration of beam measurement and reporting to achieve the indication of TRP related simultaneous transmission capability.
2.2 Enhancements on group based beam reporting
Group-based reporting that informs gNB which pairs of multiple beams can be received simultaneously (which implicitly provides the mapping between UE panel and gNB beam) should be regarded as an essential solution for supporting the multi-panel operation of both DL and UL transmission (including DL multi-panel reception and UL fast panel selection). In Rel-15, the following two alternative criteria for group based beam reporting were discussed and agreed for down-selection or merging.
· In our views, Alt-2 (antenna group based reporting) is beneficial for DL and UL panel-specific beam management. For instance, for mDCI case in mTRP, the different groups can be associated with two different TPRs, and consequently the subsequent beam refinement and CSI measurement for two TRPs can be performed independently. 
· But, in a specific case, e.g., L1-SINR reporting and sDCI in mTRP, the UE can well consider the inter-beam/panel interference through using Alt-1 (beam group based reporting) and can provide a better spatial multiplexing (high-RANK DL transmission).
Consequently, we need to further study and identify the usages of Alt-1 (beam group based reporting) and Alt-2 (antenna group based reporting) in multi-panel and multi-TRP case, e.g., sDCI/mDCI, L1-RSRP/L1-SINR reporting.
	Alt-1 (beam group based reporting): UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s) where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal. 
· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
 Alt-2 (antenna group based reporting): UE reports information about TRP Tx Beam(s) per UE antenna group basis where UE antenna group refers to receive UE antenna panel or subarray. 
· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.
· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE


Observation 2: Group-based reporting should be regarded as an essential solution for the case of multi-panel operation including both DL multi-panel reception and UL fast panel selection.
· Regarding criteria for group based reporting, the antenna group based reporting (Alt-2) is very beneficial for DL and UL panel-specific beam management, but beam group based reporting (Alt-1) is more suitable for optimizing inter-beam/panel interference.
The Rel-15/16 group based reporting with only N=2 Tx beams to be reported significantly restricts system flexibility and weakens diversity gain through dynamically indicating one of multiple candidate beams in multi-panel/TRP cases. According to the grouping criteria of Alt 2 (antenna group based reporting), we evaluate SLS performance for the case that a UE with 2 Rx panels is served by 2 TRP in indoor hotspot and dense urban under UE blockage model of TS 38.901. In dense urban, we consider the high-mobility case, i.e., speed of UE = 60 km/h. The evaluation assumptions can be found in the appendix. 
The simulation results for indoor hotspot and dense urban are provided as a function of number of beams per group in a report instance and can be found in Table 1 and Table 2 respectively. The Rel-15 group based reporting (up to 1 beam for each of 2 UE panels is reporting) is considered as baseline. From the evaluation results, it can be observed that increase number of beams per group can bring performance benefit due to combat blockage and UE mobility. Specifically, we have the further observation as follows.
· With the increase of the number of groups to be reports M from only 1 to 4, the performance gain of 7.7% and 5.6% in terms of average UPT can be observed in indoor hotspot and dense urban. 
· For 5% cell edge UE in dense urban, we can find the performance gain of 36.8% compared with Rel-15 group based reporting, which proves that the increase of candidate beams for each UE panel can distinctly enhance the performance of cell-edge UE with high mobility and be against the blockage and UE mobility. 
Table 1	SLS for group based reporting with M beams per group to be reported and N groups in indoor hotspot
	UPT (Mbps)
	 mean
	5%-ile
	50%-ile
	95%-ile

	(N = 2 group, M = 1 beam)
i.e., Rel-15 group reporting
	89.48
(100%)
	52.02
(100%)
	79.20
(100%)
	176.47
(100%)

	(N = 2 group, M = 2 beams)
	93.34
(+4.3%↑)
	55.50
(+6.7%↑)
	84.19
(+6.3%↑)
	182.06
(+3.2%↑)

	(N = 2 group, M = 4 beams)
	96.36
(+7.7%↑)
	55.82
(+7.3%↑)
	84.82
(+7.1%↑)
	183.05
(+3.7%↑)


Table 2	SLS for group based reporting with M beams per group to be reported and N groups in dense urban
	UPT (Mbps)
	 mean
	5%-ile
	50%-ile
	95%-ile

	(N = 2 group, M = 1 beam)
i.e., Rel-15 group reporting
	83.42
(100%)
	13.47
(100%)
	77.65
(100%)
	165.66
(100%)

	(N = 2 group, M = 2 beams)
	86.19
(+3.3%↑)
	15.15
(+12.5%↑)
	80.86
(+4.1%↑)
	170.71
(+3.0%↑)

	(N = 2 group, M = 4 beams)
	88.09
(+5.6%↑)
	18.42
(+36.8%↑)
	81.40
(+4.8%↑)
	170.07
(+2.7%↑)


Besides, up to 2 groups (e.g., UE panels) in Rel-15 group reporting are also unsuitable for the enhanced UE in Rel-16. Three or four UE panels may be applied to a handheld device, e.g., mobile phone. Regarding EVM for multi-beam operation in Item-1 of this FeMIMO, evaluation assumption of 3 UE panels (left, right, and back) has also been agreed for subsequent evaluation. That means that the number of groups in the group based reporting should also be enhanced, e.g., up to 4 groups.
Observation 3: From the evaluation results for group based reporting, it can be observed that:
· Increase number of beams per group can bring significantly higher performance gain to combat blockage and UE mobility, especially for cell-edge UE in dense urban, through improving system flexibility with more candidate beams.
· Increase number of groups can be more suitable for advanced UE with 3, 4 or more panels.
Proposal 2:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported in Rel-17 NR-FeMIMO.
· Identify usages of Alt-1 (beam group based reporting) and Alt-2 (antenna group based reporting) in multi-panel and multi-TRP case, e.g., sDCI/mDCI, L1-RSRP/L1-SINR reporting. 
3. Enhancement(s) on simultaneous transmission with multi-panel reception
In this section, the enhancement(s) on simultaneous transmission with multi-panel reception, including antenna group/panel indication for DL transmission and simultaneous transmission of different DL channel(s) and RS(s), are discussed.
3.1 Antenna group/panel indication for DL transmission
In order to achieve an effective multi-panel operation, the enhancements on associating the DL transmission with antenna group(s) should be considered. One Tx beam may be received by different UE antenna group(s) with corresponding UE Rx beams, and consequently there may be some ambiguities between gNB and UE sides about which UE antenna group(s) are used when only the TCI state (i.e., DL Tx beam) is indicated for a DL transmission. Subsequently, considering that different DL channel(s) or RS(s) with different antenna group(s) may be received simultaneously, associating the DL transmission with the antenna group(s) is beneficial for specifying whether/when the different DL channel(s) and RS(s) can be transmitted simultaneously.
· Note that the DL channel(s) and RS(s) with different spatial QCL parameters and same antenna group may NOT be received simultaneously. 
· Note that the DL channel(s) and RS(s) with different spatial QCL parameters and different antenna groups may be received simultaneously. 
Regarding the antenna group/panel indication for DL transmission, the spatial QCL parameter in the TCI state can be further configured with an antenna group/panel ID. When the TCI state is applied to a DL transmission, the Rx spatial domain filter of receiving the DL transmission should be generated by the UE Rx panel indicated by the antenna group ID.
Alternatively, for non-ideal backhaul or multi-PDCCH/DCI transmission, dynamic beam indication for transmission/reception sharing the same antenna group among multiple TRPs is very difficult considering the constraint of simultaneous transmission. Consequently, when multiple CORESET group IDs are configured in a UE, the different CORESET group(s) and the associated transmission resource(s), e.g., the scheduled PDSCH and AP-CSI-RS, can be associated with respective antenna group(s), and the subsequent beam management for a CORESET group is only performed based on its associated antenna groups until re-associating. 
Proposal 3:  In multi-panel reception, DL channel(s) and RS(s) can be associated with the information about antenna group(s).
· Study mechanism(s), e.g., associating CORESET group(s) or TCI state(s) with antenna group(s).
3.2 Simultaneous transmission of different DL channel(s) and RS(s)
In NR Rel-16, 2 Tx-beam transmission is supported, but the collision rules for different DL Tx beam(s) at a given time instant are still based on the single DL Tx beam transmission, i.e., according to Rel-15. With the support of multi-panel operation for DL transmission, it is assumed that DL channels or RSs from the same or different CCs (or TRPs) can be received with different spatial QCL parameters simultaneously, according to the UE capability. Furthermore, considering constraints of antenna group(s), different spatial QCL parameters should be associated with respective antenna groups, e.g., panel, of the UE side as one condition.
· For instance, for a multi-panel UE, there can be only one spatial QCL parameter applied for a single antenna group at a given time instant.
· Additionally, different spatial QCL parameters can be applied to the different antenna groups at a given time instant. As shown in Figure 2, DL channel/RS-0 and DL channel/RS-1 should be transmitted simultaneously based on two different gNB Tx beams, i.e., the green beam and the blue beam, respectively. Herein, the two different gNB Tx beams corresponds the panel-0 and panel-1 (or panel-1 and panel-0), respectively.
[image: 图片1]
Figure 2 Simultaneous transmission of different channel(s) and RS(s) based on different beams and different panels
However, different spatial QCL parameters of different DL channel(s) and RS(s) may be applied to the same antenna group at a given time instant in some cases. For example, as shown in Figure 3, in a non-ideal backhaul scenario (e.g., multi-DCI in multi-TRP), the UE rotates at a given time instant, and only panel-0 faces to 2 TRPs. Thereby, for the reception of DL channel/RS-0 and DL channel/RS-1, the two best (Rx) beam are likely to be associated with panel-0. With this collision, the UE fails to receive the DL channel(s) and RS(s) simultaneously due to the restriction of its capability. In order to avoid such dynamical collisions, one straightforward way is that the gNB shall ALWAYS transmit the different DL channel(s) and RS(s) with different spatial QCL parameter by TDMed scheme, e.g., go back to Rel-15 design. No doubt that this approach does NOT achieve any performance gain through using DL simultaneous reception with multiple UE antenna groups, and meanwhile it also greatly limits the flexibility of the gNB scheduling.
Therefore, in order to ensure the flexibility of the gNB scheduling, it is necessary to study mechanism or collision rules that can resolve such collisions, e.g., the UE can prioritize the reception of a DL channel or RS with higher priority. Furthermore, the following cases for simultaneous transmission of different DL channel(s) and RS(s) can be studied: PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS, CSI-RS+CSI-RS, etc.
Proposal 4:  Study mechanism or collision rules of simultaneous transmission of different DL channel(s) and RS(s) (e.g., PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS, CSI-RS+CSI-RS) for the case of multi-TRP transmission with UE multi-panel reception.
    [image: 图片2] 
Figure 3 Transmission of different channel(s) and RS(s) based on different beams and the same panel for a multi-panel UE
4. Enhancement(s) on TRP-specific beam recovery
In general, there are independent beam pair links for each of multiple TRP serving a single UE, and consequently only beam pair link for partial TRPs fails instead of all beam pair links. For instance, in Figure 4, Link-1 is blocked by a human or a vehicle, and the channel quality (e.g., BLER of PDCCH/CORESET(s) with the same CORESET pool) may be worse than a threshold. But, there is no blockage occurrence for Link-2, and channel quality is still better than the threshold. Consequently, UE can NOT initialize any beam failure recovery procedure according to the rule of existing beam failure recovery procedure.
Considering the non-ideal backhaul between TRPs, communication link for the failed TRP may NOT be recovered quickly with the assist of a work-well TRP. Straightforwardly, the PCell and SCell beam recovery procedure can be enhanced as a TRP-specific one. In Rel-16 eMIMO, there was some initial discussion for TRP-specific beam recovery, but, unfortunately, there was no further progress. 
In our views, in order to guarantee TRP-specific transmission, e.g., for mDCI in mTRP, TRP-specific beam recovery procedure should be further studied in Rel-17 FeMIMO. 
· Considering the already beam recovery procedure for PCell and SCell, we need to identify appropriate beam recovery procedure, e.g., based on PCell BFR or based on SCell-BFR, especially for signaling design for beam failure recovery request.
· Then, gNB response for TRP-specific beam recovery and UE behavior after receiving gNB response should be optimized for this TRP-specific case.
Proposal 5:  Study TRP-specific beam recovery procedure in order to handle partial beam failure event, e.g., for beam link(s) between a UE and one out of multiple serving TRPs.
· Identify an appropriate beam recovery procedure from the existing PCell-BFR and SCell-BFR, e.g., for signaling of beam failure recovery request.
· Study TRP-specific procedure for gNB response for beam failure recovery request as well as default UE behavior after receiving gNB response.


Figure 4 Multi-beam transmission for multi-TRP transmission with multi UE-panel reception
5. Conclusion
In this contribution, we provide the observations and proposals for enhancements on beam management for multi-TRP.
Observation 1: For one TRP, there may have multiple TRP panels sharing the same boresight and similar large scale properties, and consequently beam measurement for one out of the multiple panels (instead of each of the panels) is sufficient for supporting the subsequent CSI acquisition and data transmission.
· In such case, the overhead of measurement RS and UL reporting can be significantly saved compared with per-panel per-TRP measurement.
Observation 2: Group-based reporting should be regarded as an essential solution for the case of multi-panel operation including both DL multi-panel reception and UL fast panel selection.
· Regarding criteria for group based reporting, the antenna group based reporting (Alt-2) is very beneficial for DL and UL panel-specific beam management, but beam group based reporting (Alt-1) is more suitable for optimizing inter-beam/panel interference.
Observation 3: From the evaluation results for group based reporting, it can be observed that:
· Increase number of beams per group can bring significantly higher performance gain to combat blockage and UE mobility, especially for cell-edge UE in dense urban, through improving system flexibility with more candidate beams.
· Increase number of groups can be more suitable for advanced UE with 3, 4 or more panels.
Proposal 1: Information on simultaneous transmission capability from each of TRP can be indicated for the assist of DL beam determination in UE reporting.
· Study the configuration of beam measurement and reporting to achieve the indication of TRP related simultaneous transmission capability.
Proposal 2:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported in Rel-17 NR-FeMIMO.
· Identify usages of Alt-1 (beam group based reporting) and Alt-2 (antenna group based reporting) in multi-panel and multi-TRP case, e.g., sDCI/mDCI, L1-RSRP/L1-SINR reporting. 
Proposal 3:  In multi-panel reception, DL channel(s) and RS(s) can be associated with the information about antenna group(s).
· Study mechanism(s), e.g., associating CORESET group(s) or TCI state(s) with antenna group(s).
Proposal 4:  Study mechanism or collision rules of simultaneous transmission of different DL channel(s) and RS(s) (e.g., PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS, CSI-RS+CSI-RS) for the case of multi-TRP transmission with UE multi-panel reception.
Proposal 5:  Study TRP-specific beam recovery procedure in order to handle partial beam failure event, e.g., for beam link(s) between a UE and one out of multiple serving TRPs.
· Identify an appropriate beam recovery procedure from the existing PCell-BFR and SCell-BFR, e.g., for signaling of beam failure recovery request.
· Study TRP-specific procedure for gNB response for beam failure recovery request as well as default UE behavior after receiving gNB response.
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7. Appendix: 
Table 3 Simulation assumptions for indoor-hotspot system-level evaluation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	Constraints for the range of selective beams per TRP sector
	Two UE panels are attached with two respective TRP.

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1), (dV,dH) = (0.5, 0.5)λ
Boresight direction is perpendicular to the ceiling

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See wall-mount in Table A.2.1-7 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	3m

	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 3km/h,
10 users per BS 

	UE receiver type
	MMSE-IRC 

	Transmission scheme
	SU, Rank adaptation 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption for beam management in Rel-16 eNR-MIMO.

Table 4 Simulation assumptions for dense urban system-level evaluation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	80MHz

	Subcarrier Spacing
	120kHz

	Channel Model
	Dense Urban Micro layer only in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	Constraints for the range of selective beams per TRP sector
	Two UE panels are attached with two respective TRP.

	ISD
	200m

	BS Tx power
	43dBm

	BS Antenna Configuration
	[bookmark: _Hlk526726552](M, N, P, Mg, Ng) = (4, 8, 2, 1, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ


	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	According to TR38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	25m

	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 60km/h,
10 users per BS 

	UE receiver type
	MMSE-IRC 

	Transmission scheme
	SU, Rank adaptation 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption for beam management in Rel-16 eNR-MIMO.
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