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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.
Scope and requirements for inter-cell support
Clarify scope of WID

The scope of this work as indicated in the WID is to extend downlink mDCI mTRP reception specified in Rel-16 to inter-cell operation. Based on this we consider that single BWP operation will be maintained for this WI. The scope does not include inter-cell support for sDCI mTRP reception. The target deployment for inter-cell support is the case where each cell is associated with a different CORESETPoolIndex and DCI based beam switch is not envisioned from one cell to another (downlink). We also note that mDCI mTRP naturally includes support for reception of non-overlapping PDSCH resources. We should envision that multi-cell operation enhancement does not need to be specified for a cell without SSB transmission.

Proposal-1: Clarify scope of WID as follows. 
· Target deployment is the case where each cell is associated with a different CORESETPoolIndex.
· DCI based beam switch is not envisioned from one cell to another (downlink)
· No enhancements are envisioned for multi-cell operation considering a cell without SSB transmission
Comparison with Rel-16 DAPs HO
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Figure 1: Supported scenarios for simultaneous reception during DAPs HO (FR1)

	DAPs HO Rel-16 (sync. intra-freq)
	mDCI mTRP Rel-16

	2 BWP
	1 BWP

	2 MAC entities
	1 MAC entity

	multi-cell PUSCH transmission
	single-cell PUSCH transmission

	Cell switching is RRC based
	TRP switching is MAC-CE based (downlink)

	Rx timing difference 6 us
	Rx timing difference < CP

	FR1 only
	FR1 + FR2



As part of mobility enhancements in Rel-16, DAPs HO was specified and in terms of simultaneous reception various scenarios are supported in FR1 as shown above based on Rx timing difference and BW of source/target cells. In terms of BW we assume that single BWP operation will be maintained for mDCI based MTRP but there is a need to identify timing assumption for the two cells considering the following
· FR1 and FR2 operation
· single FFT and multiple FFT per Rx chain implementation at UE
· overlapping PDSCH reception and non-overlapping PDSCH reception 
Note that 16-2a UE feature for mDCI mTRP includes “Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP”. This assumption is applicable to both overlapping and non-overlapping PDSCH reception from the two TRPs. This assumption stems from the fact that it was determined in LTE that NC-JT reception requires a Rx timing difference of [-0.5,2] us which is much tighter than the cell phase synchronisation requirement of 3us. This reasoning obviously does not apply to non-overlapping PDSCH or even to FR2. However, this requirement translates to very restrictive deployment options as shown below:

	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)

	
	
	
	
	
	



Based on the above, we think it is essential to support inter-cell mTRP for various levels of Rx timing differences allowing more usage of mDCI mTRP feature. In terms of Rx timing difference from the 2 cells we have the following categories
· fraction of a CP Rx timing difference from 2 cells supported by single FFT operation at the UE and also required for overlapping PDSCH reception (e.g. 0.25 – 0.5 us in FR1)
· larger than CP Rx timing difference from 2 cells supported by multiple FFT operation at the UE and can support non-overlapping PDSCH reception (3 – 6 us in FR1)
In FR2 we can further observe that due to good isolation between the two receive panels at the UE (> 20 dB), larger than CP Rx timing difference can be supported by single FFT operation and overlapping PDSCH reception can be also supported (Appendix 1).
Proposal-2: Target deployment scenario for multi-cell operation should consider Rx timing difference less than CP as well as more than CP for both FR1 and FR2.
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:
· 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-3: 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
Measurements for PUCCH transmission

In order to perform PUCCH transmission to the other cell, certain measurements are conducted by the UE. Power control and beam management functionality is achieved by PUCCH-SpatialRelationInfo, PUCCH-PathlossReferenceRS and it is beneficial to be able to associate them with a SSB-Index from another PCID.  Here we note that the PUCCH beam can be switched by DCI.

Proposal-4: 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
· PUCCH-SpatialRelationInfo
· PUCCH-PathlossReferenceRS
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 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 scope of WID as follows. 
· Target deployment is the case where each cell is associated with a different CORESETPoolIndex.
· DCI based beam switch is not envisioned from one cell to another (downlink)
· No enhancements are envisioned for multi-cell operation considering a cell without SSB transmission

Proposal-2: Target deployment scenario for multi-cell operation should consider Rx timing difference less than CP as well as more than CP for both FR1 and FR2.
Proposal-3: 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)
Proposal-4: 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
· PUCCH-SpatialRelationInfo
· PUCCH-PathlossReferenceRS
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Appendix 1. Rx timing difference requirement in FR2 for NC-JT
In LTE CoMP, UE performance defined using timing offset in [-0.5, 2] us range which is much tighter than TDD synchronization requirement of 3 us. Note that receive timing offset = BS sync error difference + propagation delay difference. The 0.5 us timing offset can arise from 150 m difference in UE-eNB distance. FFT window placement according to [-0.5, 2] us receive timing offset in LTE is shown below:
[image: ]
In RAN1#95 it was noted that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. In higher SCS due to symbol length scaling, FFT window positioning flexibility reduces. As a result, receive timing offset requirements may get tighter and allowed UE-gNB distance difference gets limited for multi-TRP reception as shown in the table below:
	SCS
	CF
	CP length (us)
	TDD sync req. (us)
	Rx timing offset (us)
	UE-gNB dist. diff. (m)

	15 kHz
	< 6 GHz
	4.7
	3
	0.5
	150

	120 kHz
	30 GHz
	0.587
	3
	0.0625
	19


[image: ]
We consider a 2-TRP and 2 UE panel downlink example modelled as a 4x4 MIMO system. If the cross-panel BPLs have zero power, it decouples into two 2x2 MIMO systems. In that case, TRP synchronization requirement can be relaxed and there is no loss due to separate demodulation for 2 TRPs. We define cross-panel BPL power as:


[image: ]

Examples of different isolation scenarios in FR2:
	[image: ]
(A)
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(B)
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(C)



· (A) Single TRP case: if equal energy is received in both panels, then isolation is 0 dB
· (B) Single-TRP case: if the non-best panel is in complete shadow, then isolation is 25 dB (F2B ratio) as Rx beam is aligned with Tx beam but beam-gain is limited by antenna pattern (see 
· (C) Multi-TRP case: if a panel beam is pointing to neighbour TRP, then isolation can be very high (e.g. 50 dB) as Rx beam is not aligned with Tx beam

[image: ]
Figure 15: Illustration of 25 dB isolation for case B above and 50 dB isolation for case C above 
SLS evaluation in FR2 for isolation statistics:
[image: ]
Figure 16: 50% - 95% of UEs experience at least 20 dB isolation depending on scenario (IMT 2020 FR2 SLS assumptions)
Observations:
· Isolation is generally higher in InH scenario compared to Dense Urban scenario
· Isolation is generally higher for UEs in multi-TRP reception mode compared to UEs in single TRP reception mode (isolation can be more than 50 dB for multi-TRP UEs)
· Isolation is limited to ~25 dB in single TRP scenarios as a result of 25 dB F2B ratio assumption
· 50% - 80% UEs in multi-TRP reception mode experience at least 20 dB isolation
· 75% - 95% UEs in single TRP reception mode experience at least 20 dB isolation
· Overall, 50% - 95% of UEs experience at least 20 dB isolation depending on scenario
LLS evaluation with 20 dB isolation:
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Figure 17: Multi-panel UEs in FR2 with 20 dB isolation is able to receive up to 16 QAM even when the receive time difference across TRPs is up to 2*CP
Observations: A multi-panel UE with 20 dB or more isolation can provide robust reception performance from 2 TRPs that are not tightly synchronized for certain MCS (including QPSK, 16-QAM). A single FFT can be performed per Rx chain which is typical implementation implying no additional complexity.
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