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1. Introduction
In RAN #80 meeting, a new WI on MIMO enhancement has been approved [1]. Following objective is included in the WI.
	· 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
· [bookmark: _Hlk524524181]Specify measurement and reporting of either L1-RSRQ or L1-SINR



[bookmark: _Hlk524526354]In this contribution, we discuss the enhancements on multi-beam operation in Rel-16, including enhanced beam selection mechanism with low latency and low overhead, UL panel-specific beam selection, beam failure recovery for SCell, and beam measurement and reporting of L1-RSRQ/L1-SINR. 

2. DL beam selection
In Rel. 15 beam management for PDCCH, MAC CE based beam selection is supported. Figure 2-1 illustrates MAC CE based beam selection procedure for beam management of PDCCH. As illustrated in figure 2-1, MAC CE is transmitted on PDSCH, and PDCCH (DL assignment) transmission is required for PDSCH transmission. Hence, if gNB wants to change TCI state for PDCCH, gNB requires transmitting PDCCH with old TCI state to transmit MAC CE. We believe this procedure is not suitable for medium to high speed UEs. Hence, we believe the low latency beam selection should be specified in Rel. 16.
For medium to high speed UEs, shorter periodicity of beam reporting would be required. In such case, beam reporting overhead will be significantly high. In addition to the larger overhead of beam reporting, beam indication would be required in shorter periodicity for such UEs, which also increase signaling overhead for beam indication. Hence, we believe low signaling overhead beam selection should be specified.
[image: ]
Figure 2-1. MAC CE based beam selection for PDCCH in Rel. 15.
Observation 2-1:
· In Rel. 15 beam management for PDCCH, if gNB wants to update TCI state for PDCCH, gNB requires transmission of PDCCH with old TCI state to transmit MAC CE.
Proposal 2-1: 
· Low latency beam selection should be specified.
· Low signaling overhead beam selection should be specified.

3. UL beam selection
3.1 Simultaneous UL multi-analog beam transmission using multi-panel
One of the scopes of Rel. 16 MIMO enhancement is simultaneous DL multi-analog beam transmission using multi-TRP/panel for single user. Similarly, simultaneous UL multi-analog beam transmission towards some isolated TRPs would be beneficial to enhance UE’s coverage and throughput performance. Fig. 3-1 illustrates target scenarios of simultaneous UL multi-analog beam transmission using multi-panel. Fig. 3-1 (a) illustrates for the case of multi-TRP, and Fig. 3-1 (b) illustrates for case of single TRP. As illustrated in the figures, when each channel has sufficient spatial isolation such as shown in Fig. 3-1 (a), UE can obtain spatial diversity gain by using multiple panels/TRPs. As shown in Fig. 3-1 (b), simultaneous UL multi-analog beam transmission using multi-panel towards single TRP would be beneficial to achieve high rank transmission. So, we believe that simultaneous UL multi-analog beam transmission using multi-panel should be supported in Rel. 16. 
[bookmark: _Hlk525302766]To realize this enhancement, there is a need to discuss two issues. The first issue is about SRI indication. gNB can indicate only one SRI corresponding to one analog Tx beam for UE in Rel. 15. Hence, simultaneous UL multi-analog beam transmission using multi-panel is not possible in Rel. 15. An indication of multiple SRIs corresponding to UE’s multi-analog beams should be supported in Rel. 16. 
The second issue is about codebook enhancement for multi-analog beam transmission. The UL codebook in Rel. 15 is not designed for spatial multiplexing of separate stream(s) in different analog beams. Therefore, to support efficient high rank transmission by using multi-analog beams based on multi-panel, extending UL codebook should be considered.
Proposal 3-1: 
· Simultaneous UL multi-analog beam transmission using multi-panel should be supported.
Proposal 3-2: 
· An indication of multiple SRIs corresponding to UE’s multi-analog beams should be supported.
Proposal 3-3: 
· Extending UL codebook should be considered to support efficient high rank transmission for UL multi-analog beam transmission.
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(a) For the case of multi-TRP                                             (b) For the case of single TRP
Figure 3-1 Simultaneous UL multi-analog beam transmission using UE’s multi-panel
3.2 Power consumption handling for using simultaneous UL multiple panels
In the above subsection, we propose that simultaneous UL multi-analog beam transmission using multi-panel should be supported. Meanwhile, as the number of panels to be used for UL transmission, i.e., number of panels with power-on increases, UE’s power consumption increases. Therefore, UE or gNB should be capable of turning off the UE’s Tx panel(s) which is not going to be used immediately e.g., when using single panel for UL is expected to be enough. Detailed mechanism to turn off/on the UE’s Tx panel(s) should be further studied.
Proposal 3-4: 
· Detailed mechanism to turn off/on the UE’s Tx panel(s) should be further studied.

4. Beam failure recovery for SCell
4.1 Target scenario
We believe the main target scenario of specifying BFR on SCell is for FR1-FR2 CA. In case of FR2-FR2 CA and SCell is co-located with PCell or PSCell, BFR on SCell is not essential because gNB can be aware of BFR on SCell when UE declares BFR on PCell or PSCell by assuming that common beam pair is used between SCell(s) and PCell or between SCell(s) and PSCell. However, BFR on SCell becomes essential for FR1-FR2 CA because BFR on PCell or PSCell in FR1 and BFR on SCell in FR2 would be independent events. Figure 4-1 shows the case of BFR detection on SCell for FR1-FR2 CA. In this scenario, following points should be taken into account to discuss BFR on SCell:
· Location of PCell (or PSCell) and SCell can be different.
· BFR on PCell and BFR on SCell would be independent events.
· Numerology of PCell (or PSCell) and SCell is different.
· If BFR on SCell procedures are completed within SCell(s), it would be good from latency perspective.
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(a) Location of PCell / SCell	                          (b) Numerology of PCell / SCell
Figure 4-1. Main target scenario for BFR on SCell (FR1-FR2 CA).

Proposal 4-1: 
· Main target scenario of supporting BFR on SCell is for FR1-FR2 CA.

In Rel. 15, PUCCH on SCell is supported. If PUCCH on SCell is not configured, UE transmits UCI including HARQ-ACK, CQI report, and beam report to PCell. On the other hand, if PUCCH on SCell is configured, UE transmits UCI including HARQ-ACK, CQI report, and beam report to SCell. Motivation of supporting PUCCH on SCell on FR1-FR2 CA is to reduce overhead of PUCCH resources on PCell and to reduce latency of UCI transmission. Considering BFR on SCell for FR1-FR2 CA, BFR request reporting should be completed within SCell at least when PUCCH on SCell is configured.

[image: ]               [image: ]
(a) if PUCCH on SCell is not configured	                   (b) if PUCCH on SCell is configured
Figure 4-2. PUCCH on SCell.

4.2 Discussion points to specify BFR on SCell
BFR request destination:
When BFR on SCell is detected by UE, UE should transmit BFR request to gNB. The first discussion point is to which cell UE should transmit BFR request of SCell. Since the numerology of PCell and SCell is different in the considered scenario, if BFR request can be only transmitted to PCell, UE should wait for a large number of slots from SCell perspective. Hence, we believe UE should transmit BFR request of SCell to SCell.
Proposal 4-2: 
· When UE detects BFR on SCell, UE can transmit BFR request to SCell.
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(a) BFR request to SCell                                                  (b) BFR request to PCell
Figure 4-3. Comparison of BFR request to PCell and SCell.

BFR response:
After UE reports BFR request to the NW, UE will expect to receive BFR response. The second discussion point is whether the BFR response can be transmitted from SCell. For the same reason as above, we believe UE should be able to receive BFR response of SCell from SCell.
Proposal 4-3: 
· When UE detects BFR on SCell, UE can receive BFR response from SCell.

UL channel of BFR request:
The third discussion point is which UL channel is used to transmit BFR request. Following are possible options:
· BFR request is transmitted by
· Alt. 1: PRACH
· Alt. 2: PUCCH (PUCCH SR based transmission)
· Alt. 3: MAC CE on PUSCH
Alt. 1 is very similar way as Rel. 15 BFR. Advantage of Alt. 1 is that we can reuse Rel. 15 BFR procedures for some cases. On the other hand, disadvantage of Alt. 1 is the limitation of PRACH transmit occasion and multiplexing capacity of CF (contention free)-PRACH. Another disadvantage of Alt. 1 is larger specification work, i.e. we should consider both CB (contention based)-PRACH and CF (contention free)-PRACH, and we may need to exchange large number of LSs between RAN1 and RAN2 because RACH procedure is RAN2 issue.
Alt. 2 was also discussed in Rel. 15. As discussed in Rel. 15, SR based PUCCH transmission can be used for BFR request transmission, i.e. UE is configured multiple SR resources with different symbols for BFR request transmission, and UE selects one resource to transmit BFR request. In this case, we should take into account the cases of both PUCCH on SCell is configured and not configured. Similar to PUCCH on SCell, whether UE transmits SR based PUCCH transmission to PCell or SCell should be determined based on whether PUCCH on SCell is configured. Advantage of Alt. 2 is the lowest latency for BFR request transmission because PUCCH resource can be configured on any UL symbols. Another advantage of Alt. 2 is higher multiplexing capacity compared to CF-PRACH, e.g. SR of PUCCH format 0 can multiplex 12 UEs within a PRB on 1-symbol. On the other hand, disadvantage of Alt. 2 is to create new BFR procedure; however, we can reuse BFR procedure of Rel. 15 as much as possible.
Alt. 3 is a new procedure to inform BFR request to NW by using MAC CE. Advantage of Alt. 3 is MAC CE can contain larger information compared to other alternatives. Disadvantage of Alt. 3 is larger latency. In order to transmit MAC CE on PUSCH, UE should transmit SR to NW to assign UL grant for PUSCH, hence it would take larger latency to inform BFR request to NW. For example, if SR periodicity is 10ms, UE should wait maximum 10ms to transmit SR.
Based on the above discussion, we would like to provide following proposal.
Proposal 4-4: 
· When UE detects BFR on SCell, 
· UE transmit SR based PUCCH to SCell to inform BFR request if UE is configured PUCCH on SCell,
· UE transmit SR based PUCCH to PCell to inform BFR request if UE is not configured PUCCH on SCell.

4.3 Procedure on PUCCH SR based BFR on SCell
Figure 4-4 shows PUCCH SR based BFR procedure; in the figure, the difference from Rel. 15 is illustrated in red. As shown in the figure, we can reuse most part of BFR procedure in Rel. 15. The only differences from Rel. 15 are that UE is configured PUCCH resources instead of PRACH resource and that UE transmits one PUCCH instead of one PRACH.
In PUCCH SR based BFR transmission, multiple SR resources are configured for PCell or SCell, and UE selects one SR resource associated with the new beam. For BFR request transmission, UE transmits PUCCH SR on the selected resource to inform BFR request.

[image: ]
Figure 4-4. PUCCH SR based BFR procedure (difference from Rel. 15 is illustrated in red).

Figure 4-5 illustrates PUCCH SR based BFR request transmission for BFR on SCell. As shown in the figure, whether UE transmits SR based PUCCH transmission to PCell or SCell is determined based on whether PUCCH on SCell is configured. As a result, this proposal can reduce the resource overhead of PCell for BFR request and reduce the latency of BFR on SCell when PUCCH on SCell is configured. 
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(a) if PUCCH on SCell is not configured	                   (b) if PUCCH on SCell is configured
Figure 4-5. PUCCH SR based BFR request transmission for BFR on SCell.

5. Beam measurement and reporting of L1-RSRQ/L1-SINR
5.1 Performance evaluation
1 
2 
To compare the performance of different beam measurement/reporting methods, system level simulation is performed. In this section, we provide the evaluation results of L1-RSRP based beam selection method and L1-RSRQ based beam selection method. For RSSI in RSRQ measurement, both signal strength and interference strength are captured. Cell average spectral efficiency and 5% edge UE spectral efficiency are evaluated as the metrics. Detailed evaluation assumptions are listed in Table A-I in appendix. The evaluation results are summarized in Figure 5-1. Corresponding CDF curves of UE spectral efficiency are shown in Figure A-I in appendix.
	
	


Figure 5-1 Spectral efficiency of different beam selection methods
[bookmark: OLE_LINK5]From the results above, we can observe that L1-RSRQ only based beam selection could not outperform L1-RSRP based beam selection. The main reasons for such performance tendency are as follows. 
1. [bookmark: _Hlk524529166]The mismatch between the measured interference in L1-RSRQ reporting and the actual interference condition for data reception
2. The MMSE-IRC receiver at UE can mitigate inter-cell interference to some extent, which makes the measured interference level (RSSI of RSRQ) is less important than the signal strength (RSRP)
[bookmark: _Hlk524525231]In our simulation, the beam ranking based on L1-RSRQ is the same as the beam ranking based on L1-SINR considering L1-RSRQ = S/(S+I+N) = 1/(1+1/L1_SINR). For example, if L1-RSRQ of beam i is higher than that of beam j, the L1-SINR of beam i is also higher than that of beam j. That is to say, in our simulation, the evaluation results based on L1-RSRQ can be regarded equivalent to the evaluation based on wideband L1-SINR. Therefore, L1-SINR only based beam selection also could not outperform L1-RSRP based beam selection. In that case, we can further study the combination of L1-RSRP and L1-RSRQ/L1-SINR measurement and reporting based beam selection method, which potentially outperforms L1-RSRP only based beam selection. As the WI has agreed to consider measurement and reporting of either L1-RSRQ or L1-SINR, it is suggested that NR should support combination of L1-RSRP and L1-RSRQ/L1-SINR measurement and reporting to achieve a better beam selection method.
Observation 5-1: 
· L1-RSRQ/L1-SINR only based beam selection could not outperform L1-RSRP based beam selection.
Proposal 5-1: 
· NR should consider combination of L1-RSRP and L1-RSRQ/L1-SINR measurement and reporting based beam selection method.

5.2 Enhancement on beam measurement and reporting
3 
For L1-RSRQ and L1-SINR, only one measurement quantity needs to be specified as they are generally analogous. If we refer to measurement definition in [2], RSRQ is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where NR carrier RSSI comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth. While SINR is defined as the linear average over the power contribution (in [W]) of the resource elements carrying signal RSs divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying interference RSs within the same frequency bandwidth. From the definitions, it is observed that RSSI in RSRQ measurement can be performed on the entire OFDM symbol, while interference in SINR measurement can be performed in certain REs, which has finer measurement granularity. Since L1-SINR can reflects much more accurate transmission quality, L1-SINR based beam selection method would provide better performance than L1-RSRQ based beam selection method with the cost of higher measurement complexity. But the performance gap between those two methods is not clear and depends on detailed measurement definition and beam selection method. Anyway, considering better performance, L1-SINR is preferred over L1-RSRQ for beam measurement and reporting.
Proposal 5-2: 
· Between L1-RSRQ and L1-SINR, NR supports beam measurement and reporting of L1-SINR other than L1-RSRQ.

In NR Rel-15, UE performs L1-RSRP measurement and reports nrofReportedRS CSI-RS or SSB beams based on L1-RSRP results if groupBasedBeamReporting is configured as 'disabled'. In NR Rel-16, a combination of L1-RSRP and L1-SINR measurement/reporting based beam selection can be considered. There are manly three steps for the combined beam selection method.
1. UE is configured to perform beam measurement and determines reported beam(s) based on L1-RSRP only, or both L1-RSRP and L1-SINR
a) If UE is configured to perform measurement and determines reported beam(s) based on both L1-RSRP and L1-SINR, with the higher layer parameter groupBasedBeamReporting set to 'disabled',
i. Alt. 1: UE decides the M (M>= nrofReportedRS) best candidate beams based on L1-RSRP first. Then among the M beams, UE selects the nrofReportedRS beam(s) to be reported based on L1-SINR.
ii. Alt. 2: UE decides the M (M>= nrofReportedRS) best candidate beams based on L1-SINR first. Then among the M beams, UE selects the nrofReportedRS beam(s) to be reported based on L1-RSRP.
2. UE is configured to report the measured values of L1-RSRP only, or both L1-RSRP and L1-SINR for the reported beam(s)
a) For reporting of multiple beams, differential value reporting can be considered for L1-RSRP/L1-SINR to reduce the reporting overhead.
3. After receiving UE’s reporting, NW can further down select the used beams based on the reported measurement results.
With the three steps above, a flexible measurement/reporting configuration and beam selection method can be supported, which facilities NW operation.
Proposal 5-3: 
· In NR Rel-16, UE can be configured to perform beam measurement and determines reported beam(s) based on L1-RSRP only, or both L1-RSRP and L1-SINR.
· In NR Rel-16, UE can be configured to report the measured values of L1-RSRP only, or both L1-RSRP and L1-SINR for the reported beam(s).

In addition to beam selection for single-beam PDSCH transmission, L1-SINR is also helpful for multi-beam selection for multi-beam PDSCH transmission in multi-panel/TRP scenario. By configuring measurement of inter-beam interference in multi-panel/TRP scenario, suitable multi-beam pair(s) with lower inter-panel interference can be selected for joint transmission of multiple PDSCHs from multiple beams. In that case, the measurement and reporting of L1-SINR for a multi-beam pair should be further studied for multi-panel/TRP scenario.
Proposal 5-4: 
· In NR Rel-16, the measurement and reporting of L1-SINR of a multi-beam pair should be further studied for multi-panel/TRP scenario.

6. Conclusion
In this contribution, we discussed the enhancements on multi-beam operation in Rel-16. Based on the discussion, we made following observations and proposals.
DL beam selection
Observation 2-1:
· In Rel. 15 beam management for PDCCH, if gNB wants to update TCI state for PDCCH, gNB requires transmission of PDCCH with old TCI state to transmit MAC CE.

Proposal 2-1: 
· Low latency beam selection should be specified.
· Low signaling overhead beam selection should be specified.

[bookmark: _GoBack]UL beam selection
Proposal 3-1: 
· Simultaneous UL multi-analog beam transmission using multi-panel should be supported.
Proposal 3-2: 
· An indication of multiple SRIs corresponding to UE’s multi-analog beams should be supported.
Proposal 3-3: 
· Extending UL codebook should be considered to support efficient high rank transmission for UL multi-analog beam transmission.
Proposal 3-4: 
· Detailed mechanism to turn off/on the UE’s Tx panel(s) should be further studied.

Beam failure recovery for SCell
Proposal 4-1: 
· Main target scenario of supporting BFR on SCell is for FR1-FR2 CA.
Proposal 4-2: 
· When UE detects BFR on SCell, UE can transmit BFR request to SCell.
Proposal 4-3: 
· When UE detects BFR on SCell, UE can receive BFR response from SCell.
Proposal 4-4: 
· When UE detects BFR on SCell, 
· UE transmit SR based PUCCH to SCell to inform BFR request if UE is configured PUCCH on SCell,
· UE transmit SR based PUCCH to PCell to inform BFR request if UE is not configured PUCCH on SCell.

Beam measurement and reporting of L1-RSRQ/L1-SINR
Observation 5-1: 
· L1-RSRQ/L1-SINR only based beam selection could not outperform L1-RSRP based beam selection.

Proposal 5-1: 
· NR should consider combination of L1-RSRP and L1-RSRQ/L1-SINR measurement and reporting based beam selection method.
Proposal 5-2: 
· Between L1-RSRQ and L1-SINR, NR supports beam measurement and reporting of L1-SINR other than L1-RSRQ.
Proposal 5-3: 
· In NR Rel-16, UE can be configured to perform beam measurement and determines reported beam(s) based on L1-RSRP only, or both L1-RSRP and L1-SINR.
· In NR Rel-16, UE can be configured to report the measured values of L1-RSRP only, or both L1-RSRP and L1-SINR for the reported beam(s).
Proposal 5-4: 
· In NR Rel-16, the measurement and reporting of L1-SINR of a multi-beam pair should be further studied for multi-panel/TRP scenario.
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Appendix
Table A-I: Evaluation assumptions for beam selection
	Parameters
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	10MHz

	Subcarrier Spacing
	15kHz

	Channel Model
	UMa in TR 38.901

	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.  

	ISD
	200m

	BS Tx power
	37dBm

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

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

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	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,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

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

	Scheduling algorithm
	PF

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	UE receiver noise figure
	10dB

	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
	L1-RSRP/L1-RSRQ/SINR

	UE distribution
	80% indoor; 20% outdoor. 10 users per TRP 
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Figure A-I CDF of UE spectral efficiency
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