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1. Introductions
In RAN #81 meeting, revised Rel-16 NR MIMO working item [1] was approved and the objectives of enhancements on multi-TRP/Panel transmission are as following:
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this paper, we share our views on enhancements on multi-beam operations in Rel-16. 
2. DL/UL Beam Management Enhancement
For beam management enhancement, the target is mainly for latency and overhead reduction. 

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead
The beam management technique typically comprises following three areas:
· Beam measurement

· Beam report

· Beam indication

There are quite a few techniques that could be used to reduce the overhead and latency. At least the following are discussed in Rel-15:

· Beam measurement overhead and latency reduction
· UL beam refinement; 
· Sub-time units 
· Beam reporting overhead and latency reduction
· Aperiodic PUCCH
· Event based beam report
· CRI set info report
· Group based beam report
· Beam indication overhead and latency reduction
· Dynamic switch of mapping between TCI states and CORESET; 
· Aperiodic CSI-RS as QCL source; 
· Cross-carrier beam indication
· CRI/SSBRI indication of UL beam
Considering the possibly large amount of work involving above various techniques, it is beneficial for the community to evaluate and compare different techniques in different sub-categories separately at least for DL. For UL, the major focus falls in beam measurement, for which SRS for beam management overhead reduction could be considered.

For the methodology of evaluation, system level simulation might be needed to justify the latency and overhead reduction gain compared to the baseline supported in Rel-15. We provide some further details on how to conduct system level simulation for BM in section 6.   
Proposal 1: For DL and UL beam management latency and overhead reduction, different techniques are evaluated and compared in the following three categories separately:

· Beam measurement 
· Beam report (for DL BM)
· Beam indication

Proposal 2: At least for DL beam management latency and overhead reduction, system level simulation should be conducted to justify the gains of each specified technique over Rel-15 NR baseline.
3. UL Multi-panel transmission
For UL multi-panel transmission, the target of the work item is to
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
UL transmission mainly involve SRS/PUSCH/PUCCH. In current UL beam indication, SRS and CRI/SSBRI could both be used. But for UL beam indication based on CRI and SSBRI, it is not possible to control UL transmission per panel. For SRS based UL beam indication, different sets of SRS resources could be transmitted simultaneously and are typically associated with different panels. Beam indication through SRS should play the major role to facilitate panel-specific beam selection. For PUSCH and PUCCH transmission, multi-panel transmission with per panel beam selection would naturally be supported if multi-panel transmission of SRS resource with per panel beam selection is supported.
Furthermore, if UE is mounted with multi-panel gadgets, simultaneous transmission of multiple channels or RS should naturally be supported. This should also be sufficiently discussed in Rel-16.  
Proposal 3: UL multi-panel transmission discussion in Rel-16 should at least include the following issues:
· Multi-panel transmission of SRS with per panel beam selection

· Multi-panel transmission of PUSCH with per panel beam selection

· Multi-panel transmission of PUCCH with per panel beam selection

· Simultaneous transmission of multiple UL channels/RS. 

· Power control of multi-panel transmission
Observation: For PUSCH and PUCCH transmission, multi-panel transmission with per panel beam selection would be facilitated if multi-panel transmission of SRS resource with per panel beam selection is supported.
Proposal 4: Multi-panel transmission of SRS resource with per panel beam selection should be firstly discussed to facilitate discussion of other issues. 

4. Enhancements on S-Cell Beam Failure Recovery
For S-cell beam failure recovery, it has been widely discussed in Rel-15 and some agreements were made. The target in the objective is to specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15. Although there are agreements achieved in Rel-15, the agreements are with some restrictions in number of monitored RS. These restrictions should be further evaluated in Rel-16 considering the whole picture of beam failure recovery support in Scell. 
In our understanding, Scell beam failure recovery is mainly targeting the scenarios of primary cell in low band aggregated with high band secondary Scell. BFR could be used as a quick beam recovery tool. With such motivation, at least the following issues should be addressed in this AI: 
· Basic configuration of beam failure recovery on Scell, where the BFR PRACH and responses are also configured;
· Beam failure request reported in another cell. 
· PRACH configuration would consume large amount of resources if the number of candidate beams is large.
· PUCCH/SP-PUSCH/MAC-CE report in another cell would increase the possibility of successful recovery.
· Further generalization of Scell beam failure events

· May possibly include cases like both CORESET(s) and candidate beams fail;

Proposal 5: SCell beam failure recovery should focus on the following issues:

· Basic configuration of beam failure recovery on Scell

· Beam failure request reported in another cell. 

· Further generalization of Scell beam failure events

5. Beam Report with L1-SINR or L1-RSRQ 

For beam report with L1-SINR or L1-RSRQ, the target is to
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
This target is also an enhancement of Rel-15 NR baseline and whether to specify L1-RSRQ or L1-SINR or both should be discussed first. This objective is also highly related to the objective of enhancement on DL BM. Thus system evaluation should be conducted together with BM enhancement to justify corresponding measurement and reporting techniques.
As what is stated in the scope, the following issues need to be addressed in the work item:
· Whether to specify L1-RSRQ or L1-SINR or both
· Measurement
· Resources to measure interference or RSSI, which may or may not be the same as the resources for RSRP measurement
· Reporting
· Relationship with L1-RSRP report and reporting configuration and format
· UE CSI computation timing
Proposal 6: For beam report with L1-SINR or L1-RSRQ, system level simulation and evaluation should be conducted together with BM enhancement to justify corresponding measurement and reporting techniques specified.

Proposal 7: For the specification of L1-RSRP or L1-RSRQ, the corresponding issues at least include the following:
· Whether to specify L1-RSRQ or L1-SINR or both

· Resources to measure interference or RSSI. 

· Relationship with L1-RSRP report and reporting configuration and format 
· UE CSI computation timing for the corresponding report
6. Evalutaions for FR2 
According to above discussions, for enhancements on multi-beam operation, evaluations for FR2 operation should focus on DL beam management latency and overhead reduction and L1-RSRQ or L1-SINR enhancement. On the one hand, simulations should be done to justify the gains, especially for the techniques that have been supported in Rel-15. On the other hand, FR2 simulations have not been fully conducted and sufficiently calibrated before in the community. Some novel features like blockage and UE rotation is the first time for MIMO community to simulate in large scale, if evaluations for FR2 is finally decided to conduct. For the smooth progress of beam management enhancement, simulations for specific component technologies under the most important scenarios should be carefully carried out. Thus we have following proposals
Proposal 8: Evaluations for multi-beam enhancement should focus on the following aspects:

· DL beam management latency and overhead reduction 
· L1-RSRQ or L1-SINR
Proposal 9: Evaluations for multi-beam enhancement at least include in-door hotspot scenarios.

· InH is ‘mandatory’ scenarios for companies to provide simulation results. 

· Evaluation results for other scenarios are up to companies to provide.

For the purpose of beam management specification, some add-on features for channel model should be included. These features include blockage and UE rotation. Otherwise, after initial attach, the necessity of beam management would be largely reduced.  
Proposal 10: For evaluations for multi-beam enhancement, the add-on feature of blockage and UE rotation should be included in the channel model.

Number of antennas at UE and gNB is another dimension that needs discussion. For UE side, 16 and 32 antennas with one or two antenna panels are typical implementation. For network side, 64, 128 and 256 should all be allowed for possible implementation.

Proposal 11: For evaluations for multi-beam enhancement, the antenna configurations include the following possible combinations:
· UE antenna configuration includes 16 and 32 antennas. 

· gNB antenna configuration includes 64, 128 and 256 antennas.

For other simulation parameter details, they could be found in the annex.
7. Conclusion

In this contribution, we have the following proposals for multi-antenna transmission schemes.
Proposal 1: For DL and UL beam management latency and overhead reduction, different techniques are evaluated and compared in the following three categories separately:

· Beam measurement 
· Beam report (for DL BM)
· Beam indication

Proposal 2: At least for DL beam management latency and overhead reduction, system level simulation should be conducted to justify the gains of each specified technique over Rel-15 NR baseline.

Proposal 3: UL multi-panel transmission discussion in Rel-16 should at least include the following issues:

· Multi-panel transmission of SRS with per panel beam selection

· Multi-panel transmission of PUSCH with per panel beam selection

· Multi-panel transmission of PUCCH with per panel beam selection

· Simultaneous transmission of multiple UL channels/RS. 

· Power control of multi-panel transmission
Observation: For PUSCH and PUCCH transmission, multi-panel transmission with per panel beam selection would be facilitated if multi-panel transmission of SRS resource with per panel beam selection is supported.
Proposal 4: Multi-panel transmission of SRS resource with per panel beam selection should be firstly discussed to facilitate discussion of other issues. 

Proposal 5: SCell beam failure recovery should focus on the following issues:

· Basic configuration of beam failure recovery on Scell

· Beam failure request reported in another cell. 

· Further generalization of Scell beam failure events

Proposal 6: System level simulation and evaluation should be conducted together with BM enhancement to justify corresponding measurement and reporting techniques specified.

Proposal 7: For the specification of L1-RSRP or L1-RSRQ, the corresponding issues at least include the following:

· Whether to specify L1-RSRQ or L1-SINR or both

· Resources to measure interference or RSSI. 

· Relationship with L1-RSRP report and reporting configuration and format 
· UE CSI computation timing for the corresponding report

Proposal 8: Evaluations for multi-beam enhancement should focus on the following aspects:

· DL beam management latency and overhead reduction 

· L1-RSRQ or L1-SINR
Proposal 9: Evaluations for multi-beam enhancement at least include in-door hotspot scenarios.

· InH is ‘mandatory’ scenarios for companies to provide simulation results. 

· Evaluation results for other scenarios are up to companies to provide.

· Proposal 10: For evaluations for multi-beam enhancement, the add-on feature of blockage and UE rotation should be included in the channel model.

Proposal 11: For evaluations for multi-beam enhancement, the antenna configurations include the following possible combinations:
· UE antenna configuration includes 16 and 32 antennas. 

· gNB antenna configuration includes 64, 128 and 256 antennas.
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Annex

	Multiple access
	OFDMA

	Duplexing
	TDD

	Modulation
	Up to 256 QAM

	Coding on PDSCH
	LDPC
Max code-block size=8448bit 
[with BP decoding]

	Numerology
	60 kHz / 120 kHz,
14 OFDM symbol slot

	Simulation bandwdith
	80 MHz

	UE antenna panel selection for data transmission and UE attachment
	The UE panel with the best receive SNR is chosen for transmission and reception

	Frame structure
	DDDSU

	Transmission scheme
	SU/MU adaptation

	DL CSI measurement
	Ideal feedback based on precoded CSI-RS / Non-PMI based feedback

	PRB bundling
	4 PRB
	　

	CSI feedback
	CQI: every 5 slot; RI: every 5 slot, CRI: every 5 slot
Subband based 

	Interference measurement
	　SU-CQI

	CBG
	1

	ACK/NACK delay
	　The next available UL slot

	Re-transmission delay
	The next available DL slot after receiving NACK　

	Antenna configuration at TRxP
	For 12TRxP: 32T,  (M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1;4,4)
 (dH,dV) = (0.5, 0.5)λ

	Antenna configuration at UE
	For 12TRxP: 8R, (M,N,P,Mg,Ng; Mp,Np) =  (2,4,2,1,2; 1,2)
(dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Non-ideal

	TRxP number per site
	1

	Mechanic tilt 
	180° in GCS (pointing to the ground)

	Electronic tilt
	(According to Zenith angle in "Beam set at TRxP")

	UT attachment
	Based on RSRP (formula as shown in Appendix 3 of RP-180524) from port 0
The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels.

	Wrapping around method
	No wrapping around

	Beam set at TRxP
(Constraints for the range of selective analog beams per TRxP)
	For direction of TRxP analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -1*pi/8, 1*pi/8, 3*pi/8]
Zenith angle θj = 
[pi/4  3*pi/4] for 1 TRxP/site; 
[pi/2 3*pi/4] for 3 TRxPs/site
NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (phai_i, theta_j) is given by equation 1 in Appendix 1 of RP-180524 (2D DFT beam)

	Beam set at UE
(Constraints for the range of selective analog beams for UE)
	For direction of UE analog beam steering (in LCS):
Azimuth angle φi = [-3*pi/8, -pi/8, pi/8, 3*pi/8];
Zenith angle θj = [pi/4, 3*pi/4];
NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.
Precoder for beam at (φi, θj) is given by equation 1 in Appendix 1 of RP-180524 (2D DFT beam)

	Criteria for selection for serving TRxP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered

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

	Analog beam selection for interfering TRxP
	Based on the analog beam selection according to scheduling results of non-serving TRxP
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