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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:
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception



In this contribution we provide our views on the features that should be considered to enable inter-cell multi-TRP operations.
Issue of inter-cell timing difference
Receive timing difference motivation

The constraint of receive timing difference within a CP for FG 16-2a family applies to following cases of PDSCH reception – overlapping PDSCH from TRP-1 and TRP-2, FDM between PDSCHs and TDM between PDSCHs.  



Figure 1: Rel-16 multi-DCI multi-TRP operation (from UE perspective) with PDSCH from TRP-1 and TRP-2 that can overlap in some REs or can be non-overlapping in TDM or FDM fashion

The note of receive timing difference within a CP is mainly motivated by the case of overlapping PDSCH from TRP-1 and TRP-2 due to inter-PDSCH interference but applies to all cases. Note that inter-PDSCH interference can be avoided in FDM and TDM cases by TRP coordination. It was determined in LTE that for NC-JT reception (overlapping PDSCH case) a receive timing difference of [-0.5,2] us is reasonable (LTE CP length is 4.7 us, ref: 36.101, 36.819)
Observation-1: The restriction of receive timing difference for PDSCH reception from two TRPs to within a CP is in practice much tighter than a CP – e.g. in LTE it can be 0.5 us where CP length is 4.7 us.
Observation-2: The restriction of receive timing difference for PDSCH reception from two TRPs to within a CP is not needed for the case where PDSCHs from the two TRPs do not overlap.
Deployment constraint due to receive timing difference



Figure 2: Deployment scenario for inter-cell multi-DCI multi-TRP

The receive timing difference is due to TRP synchronization error + propagation delay difference. The restriction on the receive timing difference for multi-DCI multi-TRP operation imposes restrictions on the UE locations where multi-DCI multi-TRP can be employed which becomes worse if the TRPs have transmit power difference (HetNets). As an example, we assume that the receive timing difference scales with subcarrier spacing and show in the following table the relative difference in the distance of a UE from TRP-1 and TRP-2 to satisfy such timing requirements. We also compare it with the case of synchronous DAPs HO introduced in Rel-16 where the receive timing difference can be up to 6 us in FR1 [38.133]. It is also worth noting that cell phase synchronization requirement (transmit timing error in TDD) is 3 us (+/- 1.5us, 38.133) implying that the multi-DCI multi-TRP requirement becomes 3x, 6x, 24x tighter than synchronization requirement at SCS 15 kHz, 30 kHz and 120 kHz respectively.

	Rel-16
	SCS
	CF
	CP length
	Rx timing diff
	dist(UE-TRP1)-dist(UE-TRP2) 

	16-2a
	15 kHz
	4 GHz
	4.7 us
	[-0.5,2] us
	150 m (=0.5 us)

	16-2a
	30 kHz
	4 GHz
	2.35 us
	[-0.25,1] us
	75 m (=0.25 us)

	16-2a
	120 kHz
	30 GHz
	0.59 us
	[-0.0625,0.25] us
	19m (=0.0625 us)

	DAPs HO
	[15,30,60] kHz 
	FR1
	[4.7,2.35,1.18] us
	6 us (+/- 3 us) 
	900m (=3us)

	
	
	
	
	
	



Observation-3: Multi-DCI multi-TRP requirement of receive timing difference within a CP results in 3x, 6x, 24x tighter requirement than synchronization requirement for TDD at SCS 15 kHz, 30 kHz and 120 kHz respectively

UE complexity

The reception of PDSCH from TRP-1 and TRP-2 with large timing difference requires multiple FFT operations per receive chain at the UE in FR1 raising the base-band complexity for UEs supporting such reception (similar to DAPs HO). However, in FR2 due to isolation across UE panels (which are more directive in nature compared to FR1), we expect that a single FFT operation per receive chain will suffice for a majority of use-cases as long as the gNB and the UE is aware of the extent of isolation [ref. R1-1908653 (Intel)] 

Observation-4: The reception of PDSCH from TRP-1 and TRP-2 with large timing difference may require multiple FFT operations per receive chain in FR1. This may not be necessary in FR2 in most cases due to isolation across UE receive panels.

Proposal-1: Clarify the assumption on timing difference so that various enhancements for RS/channels on DL and UL are targeting the same deployment scenarios

Configuration of multi-cell reception mode

We envision that TRP identification can remain the same as in Rel-16 through CORESETPoolIndex. The following information can be provided to the UE to enable multi-cell reception. Note that SSB-Configuration-r16 and SSB-InfoNcell-r16 is able to provide similar information to UE in Rel-16.
· PCID (PhysCellId)
· SSB pattern (ssb-PositionsInBurst, ssb-periodicityServingCell)
· sub-carrier spacing (subcarrierSpacing)
· frequency (absoluteFrequencySSB)
Additionally in order to support uplink power control a value of ss-PBCH-BlockPower may be provided. 

Proposal-2: Multi-cell reception mode is supported by providing the following information to the UE: 
· PCID (PhysCellId)
· SSB pattern (ssb-PositionsInBurst, ssb-periodicityServingCell)
· sub-carrier spacing (subcarrierSpacing)
· frequency (absoluteFrequencySSB)
Functions prioritized for inter-cell support

[bookmark: _Hlk47621708]In terms of configuration, the limitation of single cell MTRP operation in Rel-16 is embodied by the usage of SSB-Index in QCL-Info configuration, where SSB-Index identifies a SS/PBCH block index from a set of possible SS/PBCH block indices associated with a single PCID for that serving cell. To allow inter-cell support in a serving cell, fundamentally we should enable a UE to be configured with a SSB-Index in QCL-Info that is associated with another PCID on the same serving cell.
Here we provide a list of functions and associated RSs that we think should be prioritized to be enhanced for inter-cell support. The prioritization is based on the scope described above.
Time frequency acquisition and tracking

One of the key elements of supporting inter-cell MTRP is to enable timing frequency acquisition and tracking from another cell (PCID). TRS or specifically a configured NZP-CSI-RS-ResourceSet with trs-Info set to ‘true’ should be able to be associated with a TCI-State including SSB-Index from another PCID. This allows proper placement of FFT window for downlink reception and timing-frequency compensation for the reception of PDCCH, PDSCH and CSI-RS. 
PDCCH reception

It should be possible to configure CORESETs associated with a TCI-State including SSB-Index from another PCID. This naturally allows MAC-CE based switching of active TCI-states for CORESETs from one cell to the other without RRC reconfiguration.

PDSCH reception

It should be possible to associate via MAC-CE a DCI codepoint with a TCI-State including SSB-Index from another PCID for the case of mDCI mTRP transmission. This association can be made on a per CORESETPoolIndex basis (using MAC-CE from 6.1.3.14). This allows MAC-CE based switching of active TCI-States from one cell to another but not DCI based switching of a PDSCH TCI-State from one cell to the other.
L1-RSRP measurement

In both FR1 and FR2, for the purposes of L1-RSRP measurement from another cell it is beneficial to be able to associate a configured NZP-CSI-RS-ResourceSet with repetition set to ‘on’ with a TCI-State including SSB-Index from another PCID.
BFD 

In order to be able to detect beam failure (as part of link recovery procedure on a serving cell), SSB-Index from another PCID should be allowed to be configured as failureDetectionResources for a UE. 
CSI measurement 

For the purposes of CSI measurement (other than L1-RSRP) from another cell it is beneficial to be able to associate a configured NZP-CSI-RS-ResourceSet without trs-Info set to ‘true’ or repetition set to ‘on’ with a TCI-State including SSB-Index from another PCID

Proposal-3: Consider associating the following with a TCI-State including SSB-Index from another PCID:
· TRS
· CORESETs
· DCI codepoint for TCI-State switching
· NZP-CSI-RS-ResourceSet with repetition set to ‘on’ (L1-RSRP)
· BFD resources (failureDetectionResources)
· CSI-RS for CSI measurement
Expanded functionality for inter-cell support

In order to fully support simultaneous connectivity to two cells (in parallel to DAPS HO framework introduced in Rel-16) and to support switching a UE from one cell to another without RRC reconfiguration, an expanded set of functionality is required where a SSB-Index from another PCID can be associated with the following:
· Measurements for PUCCH to the other cell: PUCCH-PathlossReferenceRS, PUCCH-SpatialRelationInfo
· Measurements for PUSCH to the other cell: PUSCH-PathlossReferenceRS
· Measurements for SRS to the other cell: pathlossReferenceRS, SRS-SpatialRelationInfo
· Beam failure recovery and CFRA to the other cell: candidateBeamRSList, CFRA-SSB-Resource
In addition, scenarios when such connectivity is feasible considering synchronization and RF issues requires further study.

Conclusions

Proposal-1: Clarify the assumption on timing difference so that various enhancements for RS/channels on DL and UL are targeting the same deployment scenarios
Proposal-2: Multi-cell reception mode is supported by providing the following information to the UE: 
· PCID (PhysCellId)
· SSB pattern (ssb-PositionsInBurst, ssb-periodicityServingCell)
· sub-carrier spacing (subcarrierSpacing)
· frequency (absoluteFrequencySSB)
[bookmark: _References]Proposal-3: Consider associating the following with a TCI-State including SSB-Index from another PCID:
· TRS
· CORESETs
· DCI codepoint for TCI-State switching
· NZP-CSI-RS-ResourceSet with repetition set to ‘on’ (L1-RSRP)
· BFD resources (failureDetectionResources)
· CSI-RS for CSI measurement
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