3GPP TSG RAN WG1 #100b                                                      	R1-2004234
e-Meeting, May 25th – June 5th, 2020

Agenda Item:	7.2.6.6
Source:	Apple Inc.
Title:	On Further MIMO Enhancement
Document for:	Discussion/Decision
Introduction
In this contribution, we provide some discussion on further MIMO enhancement.
Beam Management
Beam pair selection
In Rel-15/Rel-16, the beam management framework has been defined, which includes beam report and beam indication. A good gNB-UE beam pair can be helpful to increase the link budget so as to improve the coverage and system performance. Then the question is what kind of gNB-UE beam pair could be considered to be good enough. Ideally the good gNB-UE beam pair could be the one with best beam quality, e.g. best L1-RSRP. Currently to always find out the best gNB-UE beam pair would require a lot of measurement effort. Given there are N Tx beams in gNB side and M Rx beams in UE side, the worst case is to try N*M times measurement to find out the best beam. Thus, it is not always guaranteed that UE is able to select the best beam pair. If we consider the cell selection is based on the L1-RSRP from the measured RSRP, this would bring in one question:
· If UE is not able to select the best gNB-UE beam pair, is it possible that an incorrect gNB would be selected?
We did some system level simulation to investigate the issue. The simulation is assumed that UE can select one of the N best beam pairs randomly and perform cell association based on this selected beam. The simulation assumption is shown in Table A-1. From the simulation results, we observe some that UEs would select an incorrect gNB if it fails to select the best beam, and we can observe significant performance degradation for cell edge UEs, where N=1 is considered as the baseline.
Table 1: System Level Evaluation Results
	
	N=5
	N=10

	RSRP degradation (Figure 1)
	Up to 5dB
	Up to 10dB

	Geometry SINR degradation (Figure 2)
	Up to 5dB
	Up to 10dB

	Percentage of UEs with incorrect cell association
	25.0%
	38.3%

	Cell edge performance degradation
	22.0%
	44.1%
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Figure 1: C.D.F. of RSRP
[image: ]
Figure 2: C.D.F. of Geometry SINR

It can be observed that it is still important to find out the best beam pair. With regard to the mobility management, as a result of blockage, rotation as well as movement, there could be two types of beam change as shown in Figure 3:
· Type 1 beam change: gradual beam change
· Type 2 beam change: abrupt beam change

[image: ]
Figure 3: Beam change scenarios
For gradual beam change, the best beam pair can be discovered and maintained based on some measurement of SSB and CSI-RS for P2, which are transmitted from some beams highly correlated to current beam. But for abrupt beam change, current beam could not be considered as a reference, instead, UE may need to perform a full beam search to find out the best beam pair. 
To improve the performance for initial beam acquisition and mobility management, it should be studied to introduce some mechanisms to accelerate the best beam pair acquisition. In UE side, one simple way to accelerate the beam acquisition is to introduce some schemes as sub-sampling based UE beam selection as shown in Figure 4. UE can try 3 Rx beams to measure 1 SSB, initially UE can measure the SSB based on beam #1, #5 and #8. If the RSRP from beam #5 is the best, UE can search the beams highly correlated beam #8, e.g. beam #3, #7 and #9.
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Figure 4: Sub-sampling based UE beam selection
However, UE has no information on the gNB’s beam for different SSBs. Then UE still has to measure each SSB with the procedures above repeatedly. If UE is able to get some spatial related information for SSBs, it would accelerate UE beam searching procedure and increase the possibility of best beam pair acquisition. From signaling perspective, gNB only needs to provide the number of SSB groups to UE, and UE can assume the SSBs within a group are spatial correlated.
In addition, to support L1/L2 centric intra-cell/inter-cell beam management, similar to handover procedure, both event triggered and gNB configured beam update could be studied. For even triggered scheme, UE can request beam switching if a possible event happens, which is similar to handover. For gNB configured beam update, gNB could decide beam switching based on some UE report. However, currently beam measurement and report is based on L1-RSRP, but the L1-RSRP may be based on 1-shot measurement, which may not be accurate enough. Therefore it is necessary to study whether L1-RSRP based measurement is accurate enough or not for intra-cell/inter-cell beam management.
Proposal 1: RAN1 can consider the mechanisms to accelerate the best gNB-UE beam pair acquisition procedure based on some spatial relation information for SSB/CSI-RS configured by gNB.
· As a starting point, RAN1 can consider the scheme for SSB grouping, where gNB can indicate the number of SSB groups and SSBs in a group can be assumed to be spatially correlated
Proposal 2: For L1/L2 centric intra-cell/inter-cell beam management, both event triggered and gNB indicated beam switching should be considered.
· It is necessary to study whether L1-RSRP based measurement is accurate enough or not
Beam indication
In Rel-15/Rel-16, the beam indication for downlink is based on TCI state, and beam indication for uplink is based on spatial relation info. In Rel-15, the beam indication is defined per channel/resource per CC. In Rel-16, simultaneous beam update for multiple CCs by a single MAC CE is supported, which can help to reduce the signaling overhead, but still the fundamental beam indication is still per channel/resource per CC. Such per channel and per CC based mechanism make the system unnecessarily complicated. Figure 5 illustrates one procedure on how UE can determine a TCI state for PDSCH.
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Figure 5: Procedure to determine TCI state for PDSCH In Rel-15/Rel-16
Typically, a UE can apply common beam for multiple CCs, which may be within the same band or a band group. Thus, such per channel/resource per CC beam indication would bring in a lot of QCL-typeD collision cases. The collision handling would make the system more complicated, if we consider different types of priorities for the channel and different subcarrier spacings across CCs.
Further, the UE may not be able to maintain so many beam tracking loops with regard to power consumption. One possible way is that UE can maintain two beams:
· Current UE beam: the UE beam used to communicate with gNB
· Candidate UE beam: the UE beam used to discover new gNB-UE beam pair
So the beam indication is not needed to be per channel/resource and per CC, but to simplify the signaling and to accommodate typical UE implementation schemes, it is better that the beam indication is per link per CC groups. 
Proposal 3: RAN1 could consider to simplify the beam indication signaling and to support per link per CC groups based beam indication.
Uplink panel selection
In Rel-16, the uplink beam selection per panel has been discussed. However, RAN1 failed to specify the uplink panel selection. One key issue is whether a panel ID should be introduced or not, and follow-up question could be whether gNB could control the UE panel, e.g. activate or deactivate a UE panel, a third issue is whether UE needs to report the UE panel status to gNB, e.g. whether a UE panel is active or inactive.
To answer the questions above, the first step is to understand what the potential issues in UE side would be to perform uplink panel switching. As a result of UE power saving, UE may not be able to always activate all the uplink panels. As discussed in section 2.1, a typical implementation is that UE may maintain two beam searching loops, one is to communicate with gNB and the other is to identify potential new beam. With the help of the second loop, UE can identify corresponding UE beam for each gNB beam. But such identified UE beam may be from a panel that has been deactivated, when gNB indicates UE to switch to the corresponding gNB beam. Then UE would require additional delay to turn on the panel.
At gNB side, gNB does not need to know the exact UE panel for each gNB beam, similarly to the uplink beam indication, where gNB does not need to know the exact UE beam ID for each gNB beam. What gNB really needs to know is whether additional delay is needed for uplink beam switching. So instead of how to define the panel ID, the key issue is how to maintain the same understanding between gNB and UE on the minimal delay for a beam switching. 
In addition, with regard to maximum power emission (MPE) issue, the maximum power reduction (MPR) for each panel could be different. Therefore, in addition to the switching delay for a beam, it would be helpful that gNB could aware the MPR for different panels as shown in Figure 6. Sometimes, due to physical panel separation, the beam in panel 2 may be still worse than panel 1, although additional MPR should be included for beams in panel 1. While sometimes, the beams in panel 2 may be better, where the RSRP difference between beams in panel 2 and panel 1 could be smaller than the MPR offset. So, in general, such MPR related information could help gNB to select the best beam. 
[image: ]
Figure 6: Potential MPR difference for different UE panels due to MPE issue
Proposal 4: For uplink panel selection, it is not necessary to introduce the panel ID. Instead, RAN1 could study how to maintain the same understanding between gNB and UE on the minimal delay for a beam switching with regard to panel switching delay, as well as the MPR difference for different panels.

Multi-TRP Enhancement
Multi-TRP beam management
Rel-16 failed to define the mechanisms on how to maintain the same understanding between gNB and UE whether two beams can be received by UE simultaneously or not. Consequently, gNB may indicate the beams that cannot be received by UE simultaneously. Then UE may fail to decode the PDSCH correctly. In Rel-15, the group based beam report is supported, where UE can report the two beams which can be simultaneously received. But UE should not be able to always receive the reported two beams simultaneously. As a result of movement or rotation, UE may turn off some panels or the best panel to receive one beam may be changed as shown in Figure 7.
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Figure 7: Status change on simultaneous reception
Therefore, to improve the system performance for multi-TRP operation, it is important to study the mechanism to maintain the same understanding between gNB and UE whether two beams can be received simultaneously or not. 
In addition, in Rel-16, the default PDSCH beam is defined to be based on two TCI states for both single-DCI and multi-DCI mode. However, as shown in Figure 6, it would be possible that UE cannot identify any beam from a particular TRP. In that way, it is not reasonable to mandate UE to keep using two beams to buffer downlink data, which would waste UE power.
Proposal 5: RAN1 should study the mechanism to maintain the same understanding between gNB and UE on whether two TCI states can be received simultaneously or not.
In addition, in Rel-15/Rel-16, the beam failure recovery is supported. But the beam failure recovery is performed per UE per CC. Thus, for multi-TRP operation, UE can only trigger beam failure recover request only when both TRPs fail. But for non-ideal backhaul scenario, it would be helpful that UE can recover the beam from one TRP as soon as possible. Currently beam failure recovery is the only way for UE to trigger possible beam switching. Without per TRP beam failure recovery, UE can only change the beam until it reports the new beam by a normal beam report and receives the beam indication signaling. 
To reduce the latency, one possible way is to configure periodic beam report, but gNB may need to configure periodic beam report for each TRP, which would increase the overhead. So with regard to the latency and overhead, it is better to extend the SCell BFR mechanism to multi-TRP operation, where UE can report the BFRQ as soon as it identifies beam failure for one TRP.
Proposal 6: RAN1 can consider to extend the SCell BFR mechanisms to support TRP-specific beam failure recovery with regard to non-ideal backhaul scenario.
HST-SFN 
For HST, the SFN mode is typically used, as shown in Figure 8, both TRPs could transmit the same downlink signal to a UE. The high Doppler would be one critical issue in this scenario.
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Figure 8: HST-SFN Scenario
In Rel-15, the TRS is supported, which is used for fine time/frequency offset tracking. For HST-SFN mode, one possible way is to transmit the same TRS from two TRPs in overlapped resource, and then UE is able to measure the Doppler offset for the combined signals. One issue could be what would the combined Doppler offset look like, and whether UE is able to track the Doppler offset from the combined signal.
We did some evaluation to check the possible Doppler shift. Figure 9 illustrates the Doppler shift from the combined signal, and the Doppler shift for each TRPs are shown in Figure 10 and Figure 11 respectfully. Detail simulation assumption is provided in Table A-2. It can be observed that the Doppler offset for the combined signal could change very fast, which would be challenging for UE to apply some filtering to improve the tracking performance. However, for most of time the Doppler offset for signal from one TRP is stable. 


[image: ]
Figure 9: Doppler Shift from combined signal
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Figure 10: Doppler Shift for signal from TRP1
[image: ]
Figure 11: Doppler Shift for signal from TRP2

It can be observed that the Doppler shift in each TRP could change quickly. Currently the minimal periodicity of periodic TRS is 20ms for bandwidth larger than 52 RBs, and gNB can only trigger aperiodic TRS by uplink grant. So, it is not easy for gNB to trigger periodic or aperiodic TRS more frequently. As the starting point, it is better to study whether to increase the time domain density of TRS burst should be necessary or not.
Proposal 7: With regard to the HST-SFN mode, as the starting point, RAN1 can consider to study whether to increase the time domain density of TRS burst should be necessary or not for HST-SFN mode, when the aperiodic TRS is configured as the QCL source of PDSCH.
PDCCH reliability enhancement
In Rel-16, PDSCH reliability enhancement has been specified, where the PDSCH can be transmitted repeatedly by different beams, and the PDSCH repetitions can be multiplexed in FDM/TDM manner. For PDSCH reliability enhancement, there can be two general options:
· Option 1: One DCI is carried by multiple PDCCH repetitions with different beams
· Option 2: One DCI is carried by one PDCCH, where different beams can be applied to different time/frequency resources, e.g. different symbol or different REG bundles
Both options could help to increase the robustness and reliability. However, PDCCH is different from PDSCH, where blind detection should be performed. Therefore, for option 1, UE may need to perform blind detection for each repetition, which would increase the total number of blind detections, and there should be no such issue for option 2. Thus, with regard to UE implementation complexity, RAN1 should take option 2 as the starting point to further enhance the PDCCH reliability and robustness.
Proposal 8: Compared to multiple PDCCH repetitions, RAN1 should consider the scheme to transmit one PDCCH with REG bundle level or symbol level beam cycling as the starting point to improve the robustness and reliability.
PUCCH/PUSCH reliability enhancement
To improve PUCCH/PUSCH reliability, one possible way is to transmit PUCCH/PUSCH repeatedly with different beams. Each repetition can be multiplexed in FDM/SDM/TDM manner, similar to PDSCH schemes in Rel-16. However, to transmit uplink signals at the same time may bring in two potential issues: one is to increase the PAPR; the other is to spatial relation related issues, where UE may not be able to generate more than 1 Tx beams at one time. So, for PUCCH/PUSCH reliability enhancement, only TDMed based multiplexing should be considered. 
Proposal 9: For PUCCH/PUSCH reliability enhancement, only TDMed based multiplexing should be considered.
Inter-cell multi-TRP operation
To support inter-cell multi-TRP operation, gNB should provide the QCL information based on DL signals from different cells. However, to support L1/L2 centric inter-cell mobility management, gNB should also provide some QCL information based on DL signals from neighbor cells. Therefore, it is not necessary to optimize the QCL indication for inter-cell multi-TRP only, but a general framework should be defined to support both inter-cell multi-TRP operation as well as L1/L2 centric inter-cell mobility management. 
Proposal 10: A general framework should be defined to support both inter-cell multi-TRP operation as well as L1/L2 centric inter-cell mobility management.
SRS Enhancement
In Rel-15, 4 types of SRS are defined, which include SRS for codebook, non-codebook, antenna switching and beam management. The SRS for codebook/non-codebook is used for link adaptation, SRS for antenna switching is used for downlink CSI measurement, and SRS for beam management is used for uplink beam selection. For different functionalities, gNB has to trigger different SRS resource sets with different usage. This would result in large overhead. 
Further, there is no gap guaranteed for SRS for codebook/non-codebook, so UE is not able to perform antenna switching for such types of SRS. Then gNB is not able to perform uplink antenna selection. Sometimes due to some blocking, e.g. hand-blocking, the coupling loss for each uplink antenna could be different. The uplink antenna selection could be a very important feature to improve system performance.
Therefore, with regard to the SRS overhead reduction, and to support uplink antenna selection, it would be beneficial to support that an SRS resource set can be used for both link adaptation and antenna switching. Thus, one SRS resource set can be configured for codebook and antenna switching or non-codebook and antenna switching.
Proposal 11: With regard to the SRS overhead reduction, and to support uplink antenna selection, it should be supported that one SRS resource set can be configured for codebook and antenna switching or non-codebook and antenna switching.
For SRS for antenna switching, in UE power saving, currently UE can report the preferred maximum number of layers to gNB, where the maximum number of DL layers could be from 1 to 8, and the maximum number of UL layers could be from 1 to 4. With restricted maximum number of layers, UE can decide to turn off some antennas for power saving. For example, for a 4Rx UE, if the maximum number of layers is configured to be 2, UE can turn off 2 DL antenna for power saving. Thus, the SRS for antenna switching enhancement should consider antenna turn-off impact due to UE power saving.
Proposal 12: The SRS for antenna switching enhancement should consider antenna turn-off impact due to UE power saving.
Conclusion
In this contribution, we discussed some further MIMO enhancement. Based on the discussion, the following proposals have been achieved.
Beam management
Proposal 1: RAN1 can consider the mechanisms to accelerate the best gNB-UE beam pair acquisition procedure based on some spatial relation information for SSB/CSI-RS configured by gNB.
· As a starting point, RAN1 can consider the scheme for SSB grouping, where gNB can indicate the number of SSB groups and SSBs in a group can be assumed to be spatially correlated
Proposal 2: For L1/L2 centric intra-cell/inter-cell beam management, both event triggered and gNB indicated beam switching should be considered.
· It is necessary to study whether L1-RSRP based measurement is accurate enough or not
Proposal 3: RAN1 could consider to simplify the beam indication signaling and to support per link per CC groups based beam indication.
Proposal 4: For uplink panel selection, it is not necessary to introduce the panel ID. Instead, RAN1 could study how to maintain the same understanding between gNB and UE on the minimal delay for a beam switching with regard to panel switching delay, as well as the MPR difference for different panels.

Multi-TRP
Proposal 5: RAN1 should study the mechanism to maintain the same understanding between gNB and UE on whether two TCI states can be received simultaneously or not.
Proposal 6: RAN1 can consider to extend the SCell BFR mechanisms to support TRP-specific beam failure recovery with regard to non-ideal backhaul scenario.
Proposal 7: With regard to the HST-SFN mode, as the starting point, RAN1 can consider to study whether to increase the time domain density of TRS burst should be necessary or not for HST-SFN mode, when the aperiodic TRS is configured as the QCL source of PDSCH.
Proposal 8: Compared to multiple PDCCH repetitions, RAN1 should consider the scheme to transmit one PDCCH with REG bundle level or symbol level beam cycling as the starting point to improve the robustness and reliability.
Proposal 9: For PUCCH/PUSCH reliability enhancement, only TDMed based multiplexing should be considered.
Proposal 10: A general framework should be defined to support both inter-cell multi-TRP operation as well as L1/L2 centric inter-cell mobility management.

SRS Enhancement
Proposal 11: With regard to the SRS overhead reduction, and to support uplink antenna selection, it should be supported that one SRS resource set can be configured for codebook and antenna switching or non-codebook and antenna switching.
Proposal 12: The SRS for antenna switching enhancement should consider antenna turn-off impact due to UE power saving.

Appendix – Simulation Assumption
Table A-1: Simulation Assumption for Beam Management
	Parameter
	Value

	Scenario
	Indoor Hotspot

	Number of BS
	12

	Number of UE per cell
	10

	gNB antenna architecture (M, N, P, Q)
	(4, 8, 2, 2)

	UE antenna architecture (M, N, P, Q, Mg, Ng)
	(2, 4, 2, 2, 1, 2)

	gNB Tx power
	21 dBm

	UE noise figure
	10 dB

	Cell association
	RSRP based

	Handover margin
	0 dB

	Carrier frequency
	30 GHz



Table A-2: Simulation Assumption for HST-SFN
	Parameter
	Value

	Inter-site distance (Ds)
	1000 m

	gNB to railway distance (Dmin)
	50 m

	UE speed
	350 km/h

	Maximum Doppler 
	1340 Hz
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