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Introduction

According to NR MIMO WID RP-193133, the following is the scope of work in this AI.
	2. 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



In this contribution we provide our views on the features that should be considered for beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception.
Review of Rel-15/Rel-16 groupBasedBeamReporting

TS38.214 specification for groupBasedBeamReporting is as follows:
	If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP', 
- if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting. 
- if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.



Issue-1: If groupBasedBeamReporting is enabled, UE should report CRI-1 and CRI-2 in a single reporting instance for both the cases of single Rx beam or 2 Rx beams as shown in  Fig 1 and Fig 2 respectively. In both cases it is possible that high value of L1-RSRP is observed for both CRI-1 and CRI-2. However, in Fig 2, significant cross-beam interference is expected compared to Fig.1 and it may not be suitable for mTRP reception. Due to the lack of consideration of cross-beam interference, groupBasedBeamReporting is not sufficient for the gNB to make determination of beam-pairs for mTRP scheduling. 
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Figure 1: 2 spatial domain Rx filter used, small cross-beam interference
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Figure 2: 1 spatial domain Rx filter used, large cross-beam interference



Issue-2: The hypotheses for L1-RSRP measurement when groupBasedBeamReporting is enabled is not defined. According to 38.215 the number of receive branches to use for L1-RSRP measurement is up to UE implementation (for both FR1 and FR2). If a UE uses Rx branches only from the best panel (Fig 3) it is consistent with the hypothesis of simultaneous reception but if a UE uses all Rx branches (Fig 4) it is consistent with the hypothesis of sTRP reception (Fig 4). This makes the L1-RSRP reports unreliable for determining mTRP operation.  

TS38.215 specification for L1-RSRP measurement:
	For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches. 
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Figure 3: best panel is used for L1-RSRP measurement (mTRP hypothesis)
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Figure 4: both panels are used for L1-RSRP measurement (sTRP hypothesis)



Observation-1: There is no criteria defined for simultaneous reception in the existing groupBasedBeamReporting specifications. Therefore groupBasedBeamReporting is not sufficient for the gNB to make determination of beam-pairs for mTRP scheduling
Observation-2: In the current L1-RSRP measurement and reporting specification it is up to the UE to assume either sTRP reception hypothesis or mTRP reception hypothesis and the hypothesis adopted is unknown to the gNB
Enhancements for mTRP beam-management

Selection of mTRP Tx beams

It is preferable for the gNB to identify suitable mTRP Tx beams without the need to go through multi-step configuration (with low latency). Detailed CSI (RI, PMI, CQI) may be obtained conditioned on selected mTRP beams. As observed above, it is important to consider interference across different Tx beams for determining the simultaneous reception criteria for groupBasedBeamReporting. In other words, grouping of Tx beams in a single reporting instance should be conditioned on a certain threshold of cross-beam interference. Cross-beam interference should be naturally factored into L1-SINR for groupBasedBeamReporting reporting. 
In order to reduce the number of possible mTRP Tx beam combinations evaluated at the UE side with mTRP hypothesis, it may be beneficial to allow a UE to be aware that certain Tx beams are originating from a single Tx panel and cannot be simultaneously transmitted.   

Proposal-3: Cross-beam interference should be considered as a criteria for determining simultaneous reception from a pair of CRIs/SSBRIs reported when groupBasedBeamReporting is enabled
Proposal-4: Cross-beam interference should be naturally used for determining L1-SINR corresponding to a Tx beam-pair reported when groupBasedBeamReporting is enabled. 

Switching between sTRP and mTRP operation

It is shown in Fig 5 and Fig 6 that there is a trade-off in received signal power due to a Tx beam depending on whether sTRP or mTRP reception hypothesis is used. In order for the gNB to determine switching between sTRP and mTRP modes, the reported L1-RSRP/L1-SINR should be qualified on whether it is based on s-TRP reception or m-TRP reception hypothesis. As mentioned above, groupBasedBeamReporting framework describes the criteria for reporting L1-RSRP in a group but does not define how they should be measured (under mTRP hypothesis or sTRP hypothesis).   

Proposal-5: L1-RSRP/L1-SINR measurement and reporting should be qualified based on sTRP reception hypotheses or mTRP reception hypotheses
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Figure 5: L1-RSRP measurement based on mTRP reception hypothesis
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Figure 6: L1-RSRP measurement based on sTRP reception hypothesis




Controlling default beam behaviour for mTRP
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In the case of mDCI mTRP operation in FR2, gNB can control UE default beam behaviour by the flag enableDefaultTCIStatePerCoresetPoolIndex as illustrated above. Generally two default beams is intended to be used when low latency traffic is scheduled from both TRPs, otherwise a single default beam can be used. The benefit of using a single default beam is to allow the UE to perform faster measurements using the other panel or enabling power savings by deactivating the other panel for short intervals depending on UE implementation. 
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Figure 7: Proposed single default beam for 1 TRP for low-latency traffic

According to the current specifications, in the case of a single default beam with mDCI mTRP operation (when 2 values of CORESETPoolIndex are configured), the default beam is set according to Rel-15 procedure without consideration of CORESETPoolIndex values. In such case the default beam switches from slot to slot based on CORESET configuration as shown above and is not dedicated to any TRP. We propose to set the single default beam according to CORESETs associated with CORESETPoolIndex=0. This allows low-latency scheduling from TRP-0 with a single default beam dedicated to the CORESETs associated with that TRP.

Proposal-6: For mDCI mTRP operation define a single default beam operation based on CORESETs associated with CORESETPoolIndex=0
Conclusions

Observation-1: There is no criteria defined for simultaneous reception in the existing groupBasedBeamReporting specifications. Therefore groupBasedBeamReporting is not sufficient for the gNB to make determination of beam-pairs for mTRP scheduling
Observation-2: In the current L1-RSRP measurement and reporting specification it is up to the UE to assume either sTRP reception hypothesis or mTRP reception hypothesis and the hypothesis adopted is unknown to the gNB
Proposal-3: Cross-beam interference should be considered as a criteria for determining simultaneous reception from a pair of CRIs/SSBRIs reported when groupBasedBeamReporting is enabled
Proposal-4: Cross-beam interference should be naturally used for determining L1-SINR corresponding to a Tx beam-pair reported when groupBasedBeamReporting is enabled. 
Proposal-5: L1-RSRP/L1-SINR measurement and reporting should be qualified based on sTRP reception hypotheses or mTRP reception hypotheses
Proposal-6: For mDCI mTRP operation define a single default beam operation based on CORESETs associated with CORESETPoolIndex=0
[bookmark: _References]References
[bookmark: _Ref534885260][bookmark: _GoBack][1] RP-193133, New WID: Further enhancements on MIMO for NR, Samsung, RAN#86


image1.png
K e

)R
A




image2.png




image3.png




image4.png
KLLRSRPA

L1-RSRP-2,

6
A




image5.png
L1-RSRP-1

=,

2K




image6.png
1 default beam 2 default beams 1 default beam

UE reports 16226, enableDgault TCIStatePerC enableDganltTCIStatePerC

N8 configures oresetPoollndex enabled oresetPoollnde disabled
CORESETPoollex=0, 1




image7.png
1-default beam

2-default beams

1-default beam

o |1 2
CORESETs.
Rel15
TRP-1
Rel16
TRP-2

Proposed: TRP-1




