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Introduction
In this contribution we provide our views on multi-TRP/multi-panel operation.
FR2 operation (both single and multi-DCI)

Switching between 1-TRP and 2-TRP operation
According to current 38.215, for a multi-panel UE (FR2), reported L1-RSRP may or may not include receiver diversity. This means that it is up to UE implementation whether the best panel or both UE panels are used for L1-RSRP determination. In the context of multi-TRP operation in FR2 two distinct UE behaviors can be envisioned:
· Selected Panel Reception (Selected-Panel): Best UE panel is selected for receiving a TCI state, multi-TRP reception possible.
· Joint Panel Reception (Joint-Panel): Both UE panels are used for receiving a TCI state, multi-TRP reception not possible.

Obviously, Joint-Panel reception achieves a higher L1-RSRP than Selected-Panel reception. At the same time Selected-Panel reception allows for multi-TRP operation while Joint-Panel reception does not. In Figure 1 we show the gain in L1-RSRP of Joint-Panel reception compared to Selected-Panel reception corresponding to the best serving-cell TCI state. We observe that a small fraction of UEs (less than 10%) benefit by more than a dB (power) by using Joint-Panel reception. Note that if the benefit is ~3dB it is equivalent to the benefit of using 4 Rx ports vs 2 Rx ports as in FR1. Another way to observe this (Figure 2) is the difference in received power between the best UE panel and the non-best UE panel corresponding to the best serving-cell TCI state. Therefore, in order to switch a UE from single-TRP operation to multi-TRP operation, it is necessary for the NW to know that L1-RSRP based on Selected-Panel reception is not significantly below the L1-RSRP based on Joint-Panel reception (for the same TCI state). In order to enable such functionality we propose to use the existing groupBasedBeamReporting framework:
Proposal-1: When groupBasedBeamReporting is enabled, a UE is expected to use only the best UE panel for L1-RSRP reporting consistent with multi-TRP reception. When groupBasedBeamReporting is disabled, a UE is expected to report L1-RSRP based on a set of UE panels consistent with (Rel-15) single TRP reception. 
	[image: ]
[bookmark: _Ref24125145]Figure 1: power gain due to joint-panel reception over selected-panel reception from the serving cell (Dense Urban 30 GHz)
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[bookmark: _Ref24125177]Figure 2: received power difference between the best and non-best UE panel from the serving cell (Dense Urban 30 GHz)



[bookmark: _Ref23711674]Default PDSCH beam
[bookmark: _GoBack]In RAN1#98bis it was discussed that a default PDSCH beam can be determined based on the lowest indexed CORESET within the set of monitored CORESETs in the latest slot with the same value of CORESETPoolIndex. This implies operating with two types of slots defined semi-statically – slots with 1 default PDSCH beam (as in Rel-15) and slots with 2 default PDSCH beams as shown in Figure 3
[image: ]
[bookmark: _Ref24125565]Figure 3: Slots with one or two default beams are defined semi-statically 
Based on this understanding, in a slot associated with one default PDSCH beam, a UE is not expected to receive two PDSCHs, both scheduled before timeDurationForQCL and scheduled by two TRPs. 
Proposal-2: A default PDSCH beam is determined based on the lowest indexed CORESET within the set of monitored CORESETs in the latest slot with the same value of CORESETPoolIndex (both single and multiple DCI MTRP). In a slot associated with a single default PDSCH beam where the beam is associated with CORESETPoolIndex = 0, a UE is not expected to receive PDSCH scheduled before timeDurationForQCL and scheduled from a CORESET not associated with CORESETPoolIndex = 0 (and vice versa). A UE is expected to receive PDSCH scheduled after timeDurationForQCL threshold from any CORESET in any slot. 
In the case of CA operation (in intra-band) search space monitoring occasions for the different CCs may lead to conflicts in terms of default PDSCH beams. This can be resolved using the PDCCH prioritization rules defined in Rel-15.
Proposal-3: In the case of intra-band CA, whether a single or multiple default PDSCH beam(s) is associated with a slot and the default PDSCH beam(s) is determined based on the PDCCH prioritization rules defined in Rel-15. 

Remaining issues of multi-DCI
Identification of a DL cell with multi-DCI multi-TRP
As we mentioned in section 2.2, configuration of CORESETPoolIndex with distinct values 0, 1 is beneficial for single DCI multi-TRP in FR2 in order to provide 2 default PDSCH beams. Keeping this in mind, we have the following proposal:
Proposal-4: A DL serving cell configured with multi-DCI based multi-TRP transmission should not be identified based on different values of configured CORESETPoolIndex 
New RRC signalling is most suitable but some other mechanism like the configuration of two PDSCH scrambling IDs may be acceptable (although it is clear that functionally a DL serving cell is not required to be configured with two PDSCH scrambling ids for multi-DCI based multi-TRP operation).
UE processing time
Mapping Type A + Type A: It has been agreed that a UE does not expect different DM-RS configurations with respect to the actual number of FL, additional DMRS and actual symbol locations for NC-JT. This allows mapping Type A + Type A to be handled with small impact on channel estimation and no impact to UE processing.
Mapping Type B + Type A/B: When PDSCH with mapping Type B is considered as one of the co-scheduled PDSCHs, even for the case of perfectly overlapped resource allocation with aligned DM-RS locations, the impact to UE processing time needs to be taken into account since the overlap of the CORESET containing the scheduling DCI with the scheduled Type B PDSCH may not be the same for the two NC-JT PDSCHs. Therefore the processing time might need to be relaxed based on the location of the CORESET containing the scheduling DCI. To this end, to generalize the processing time relaxation, an additional time budget can be added to the PDSCH processing time i.e.

,

where, the value of the additional relaxation  can be determined based on the PDSCH mapping type, duration of PDSCH, the amount of overlap with other PDSCHs and the overlap between PDSCH and scheduling PDCCH in the case of Mapping Type B.

 
[bookmark: _Ref16860444]Figure 4 Processing time relaxation for capability 2 UE for multi-DCI NC-JT with fully overlapped PDSCH transmissions from 2 TRPs and different overlap with scheduling PDCCH of each PDSCH.

An example of this relaxation is shown in Figure 1 where the UE receives two NC-JT PDSCH transmissions of 4 symbol duration which are fully overlapped in frequency and time. The scheduling PDCCHs for each PDSCH are FDM and have different overlaps with the corresponding PDSCH. In this case, the processing time relaxation can made on the basis of the difference between the two overlap durations i.e., 	, where d’ is the overlap duration of the PDSCH with largest overlap and d is the overlap duration of the PDSCH for which the processing time relaxation is being evaluated.
Proposal-5: Consider scheduling restriction for certain NC-JT PDSCH scheduling using mapping Type-B (if the number of overlapping symbols of the scheduling PDCCH and scheduled PDSCH is different for the two NC-JT PDSCHs) 

SP/P ZP CSI-RS rate-matching
One purpose of SP/P ZP CSI-RS is to allow measurement of interference from other cells by a UE. In order to maintain this functionality, SP/P ZP CSI-RS should be treated as a TRP specific resource (similar to CRS). Therefore for multi-DCI NC-JT, rate-matching of PDSCH scheduled by TRP-0/TRP-1 should be performed around SP/P ZP CSI-RS associated with TRP-0/TRP-1 respectively. Note that this issue cannot be resolved efficiently by RateMatchPattern. The resolution of RateMatchPattern is not at a sub-carrier level but at a PRB level (granularity), so it cannot be efficiently used to match CSI-RS pattern.

Proposal-6: Consider SP/P ZP CSI-RS patterns which are associated with a higher layer signalling index per CORESET (if configured) are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
Remaining issues of single DCI

CRS pattern rate-matching
In order to allow legacy LTE UEs to measure other-cell interference on CRS REs, it is beneficial to treat LTE-CRS as a TRP specific resource. Also, with such an approach, resource utilization for PDSCH is maximized. Therefore, it was agreed in RAN1#98bis for multi-DCI NC-JT, rate-matching of PDSCH scheduled by TRP-0/TRP-1 is performed around CRS transmitted from TRP-0/TRP-1 respectively (subject to UE capability).
Technically, the same arguments also apply for the case of single-DCI based NC-JT. However, in this case it may lead to a situation where the total number of REs to be processed per layer of a codeword (PDSCH) becomes different and demands new UE behavior. Considering this, it may be reasonable to apply a union of configured CRS patterns for PDSCH rate-matching purposes.

Proposal-7: Support PDSCH rate-matching based on union of configured CRS patterns for single DCI.
UE behavior for one CDM group and 2 TCI states (eMBB)
For the case when a TCI code point containing two TCI states is indicated for DM-RS type 1 and 2, and when a UE is not configured with any of schemes 2a/2b/3/4, the UE can be indicated with DM-RS ports from one CDM group where the first TCI state in the TCI code point can be mapped to the CDM group containing the indicated ports and the other TCI state is ignored.
This behaviour would ensure single TRP operation without the need for reconfiguring TCI code-points with two TCI states to ones with single TCI state using MAC-CE.
Proposal-8: For Type 1 and 2 DM-RS, allow indication of TCI code-point with 2 TCI states with DMRS ports from single CDM group, where the CDM group maps to the first TCI state and the second TCI state can be ignored for the case when a UE is not set with any of schemes 2a/2b/3 by the higher layer parameter URLLSchemeEnabler and it is not indicated with a DCI that DCI field “Time domain resource assignment’ indicating an entry in pdsch-TimeDomainAllocationList  which contain URLLCRepNum in PDSCH-TimeDomainResourceAllocation
URLLC scheme switching
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Figure 5: Fallback to 1-TRP eMBB ranks 1-8 from 2a/2b/3
	[bookmark: _Ref24128890]Table 1: New DMRS port table to indicate switching between 2a/2b/3
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	DMRS port(s)
	Multi-TRP Scheme

	0
	0
	2a

	1
	1
	2a

	2
	0,1
	2a 

	3
	0
	3/4

	4
	1
	3/4

	5
	0,1
	3/4

	6
	0
	2b

	7
	1
	2b

	8
	0,1
	2b

	9-15
	Reserved
	Reserved






When a UE is configured by higher layer parameter URLLSchemeEnabler set to one or multiple of schemes 2a/2b/3, a new DMRS table is proposed to be used when the number of indicated TCI states is 2. This DMRS port table (Table 1) allows dynamic switching among schemes 2a/2b/3. When the number of indicated TCI states is 1, a 1-TRP fall-back scheme is used based on Rel-15 DMRS port table.
Proposal-9: A new DMRS port table is used for dynamically switching among schemes 2a/2b/3 that is indicated by the presence of 2 TCI states in the DCI.
[image: ]
[bookmark: _Ref24130145]Figure 6: Dynamic repetition applicable to schemes 4, 2a and 1-TRP fall-back

Dynamic repetition is enabled in Rel-16 for scheme 4. We propose to extend the applicability of dynamic repetition to schemes 2a and fall-back scheme of 1-TRP as shown in Figure 6. Dynamic switching between schemes 2a and 4 can be achieved by the same new DMRS port table as shown in Table 1.
Proposal-10: Support applicability of dynamic repetition to schemes 2a and to fall-back 1-TRP transmission

Conclusions

Proposal-1: When groupBasedBeamReporting is enabled, a UE is expected to use only the best UE panel for L1-RSRP reporting consistent with multi-TRP reception. When groupBasedBeamReporting is disabled, a UE is expected to report L1-RSRP based on a set of UE panels consistent with (Rel-15) single TRP reception. 
Proposal-2: A default PDSCH beam is determined based on the lowest indexed CORESET within the set of monitored CORESETs in the latest slot with the same value of CORESETPoolIndex (both single and multiple DCI MTRP). In a slot associated with a single default PDSCH beam where the beam is associated with CORESETPoolIndex = 0, a UE is not expected to receive PDSCH scheduled before timeDurationForQCL and scheduled from a CORESET not associated with CORESETPoolIndex = 0 (and vice versa). A UE is expected to receive PDSCH scheduled after timeDurationForQCL threshold from any CORESET in any slot. 
Proposal-3: In the case of intra-band CA, whether a single or multiple default PDSCH beam(s) is associated with a slot and the default PDSCH beam(s) is determined based on the PDCCH prioritization rules defined in Rel-15. 
Proposal-4: A DL serving cell configured with multi-DCI based multi-TRP transmission should not be identified based on different values of configured CORESETPoolIndex 
Proposal-5: Consider scheduling restriction for certain NC-JT PDSCH scheduling using mapping Type-B (if the number of overlapping symbols of the scheduling PDCCH and scheduled PDSCH is different for the two NC-JT PDSCHs) 
Proposal-6: Consider SP/P ZP CSI-RS patterns which are associated with a higher layer signalling index per CORESET (if configured) are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

Proposal-7: Support PDSCH rate-matching based on union of configured CRS patterns for single DCI.
Proposal-8: For Type 1 and 2 DM-RS, allow indication of TCI code-point with 2 TCI states with DMRS ports from single CDM group, where the CDM group maps to the first TCI state and the second TCI state can be ignored for the case when a UE is not set with any of schemes 2a/2b/3 by the higher layer parameter URLLSchemeEnabler and it is not indicated with a DCI that DCI field “Time domain resource assignment’ indicating an entry in pdsch-TimeDomainAllocationList  which contain URLLCRepNum in PDSCH-TimeDomainResourceAllocation
Proposal-9: A new DMRS port table is used for dynamically switching among schemes 2a/2b/3 that is indicated by the presence of 2 TCI states in the DCI.
Proposal-10: Support applicability of dynamic repetition to schemes 2a and to fall-back 1-TRP transmission
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