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1. INTRODUCTION
Due to some disagreement in interpretation of the scope of the Inter-cell M-TRP as described in WID [1], RAN1 has not made much progress on the topic [2-3]. In the last meeting, RAN1 agreed on two high-level decisions [3],

	For QCL /TCI related enhancement for enhanced inter-cell multi-TRP operations, support RRC configuration of non-serving cell information
· Non-serving cell information can be associated with the TCI state and/or QCL-info, at least when “neighbor cell SSB” is used as “QCL referenceSignal ”
· The information provided by SSB-Configuration-r16/ssb-InfoNcell-r16 and/or MeasObject can be starting point for providing non-serving cell information




[bookmark: _Hlk61268535]In this contribution, we are sharing our views and analysis of synchronization requirements for M-TRP inter-cell operation. Furthermore, we will discuss RRC configuration options.

2. BACKGROUND 
Per Rel-16 specifications [3], as captured in NOTE 1, UE’s capability reporting for the M-TRP operation is based on the key assumption that the reception of the PDSCH will occur within the CP of the transmitted waveform. For convenience, we list here the Rel-16 UE capability [3], 

	multiDCI-MultiTRP-r16
Indicates whether the UE supports multi-DCI based multi-TRP and support of fully/partially overlapping PDSCHs in time and non-overlapping in frequency. The capability signalling contains the following:
-	maxNumberCORESET-r16 indicates maximum number of CORESETs configured per BWP per cell in addition to CORESET 0.
-	maxNumberCORESETPerPoolIndex-r16 indicates maximum number of CORESETs configured per CORESETPoolIndex per BWP per cell in addition to CORESET 0.
-	maxNumberUnicastPDSCH-PerPool-r16 indicates maximum number of unicast PDSCHs per CORESETPoolIndex per slot.
NOTE 1:	A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a Cyclic Prefix.
NOTE 2:	Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex.




However, it has been argued that while this assumption may be hold true for intra-cell M-TRP operation, it cannot be always assumed for inter-cell M-TRP operation. Therefore, targeted deployment scenarios and their associated timing requirements should be further discussed and clarified for inter-cell operation. 

3. SYNCHRONIZATION ANALYSIS
3.1 [bookmark: _Hlk38869583]CP SIZE FOR DIFFERENT NUMEROLOGIES 
M-TRP operation is not restricted to 15 KHz subcarrier spacing, and it can be implemented for other NR numerologies as well. However, as subcarrier spacing grows, the length of OFDM symbol and CP size shrinks. Table 1 shows different CP lengths for different supported SCS under FR1 and FR2, respectively. As shown in Table 1, for 30KHz and above, meeting the assumption of reception of DL transmission within the CP length becomes very challenging. This requirement is further exacerbated by considering that TRPs may be at different distances with respect to the UE location. As such, their transmission may experience different propagation delays which causes further erosion of the already small reception window.

	[bookmark: _Hlk52271917]Parameter / Numerology (µ)
	0
	1
	2
	3
	4

	Subcarrier Spacing (KHz)
	15
	30
	60
	120
	240

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67
	8.33
	4.17

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17
	0.57
	0.29

	OFDM Symbol including CP (us)
	71.35
	35.68
	17.84
	8.92
	4.46


Table 1

Below is an excerpt from RAN4 specification that describes cell synchronization requirements for TDD operation [4]. According to the text, inter-cell synchronization accuracy that is measured at BS antenna connectors should not be worse than 3 µs. 
	[bookmark: _Hlk52270296]7.4	Cell phase synchronization accuracy
[bookmark: _Toc5952604]7.4.1	Definition
Cell phase synchronization accuracy for TDD is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.
[bookmark: _Toc5952605]7.4.2	Minimum requirements
[bookmark: _Hlk53652553]The cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3 µs.




	It is important to point out that the 3 us requirement is valid at the antenna connector, meaning that it does consider any delay spread and propagation delay between TRPs that are deployment-dependent. Therefore, further complication of timing requirement can be expected. 

Observation 1: A 3us synchronization accuracy can be considered for inter-cell M-TRP synchronous case.

[bookmark: _Hlk53653261]If the same 3us synchronization accuracy for inter-cell M-TRP is assumed, we can see that there will be issues in attaining the required timing for DL reception. Based on Table 1, we can make the following conclusions,
· For FR1 operation, assuming 3us synchronization accuracy can barely meet the “within a CP reception” requirement for subcarrier spacing of 15KHz. Moreover, it is clearly insufficient for the scenarios with 30KHz and 60KHz subcarrier spacings that are correspond to CP sizes of 2.34 us and 1.17us, respectively.
· For FR2 operation, the CP size for the subcarrier spacings of 60 KHz and 120KHz are 1.17 us and 0.57us, respectively. Therefore, the assumption of 3us synchronization accuracy cannot support inter-cell M-TRP operation in FR2.

Observation 2: For “within a CP reception”, only FR1 with 15KHz SCS can be considered.

3.2 DAPS HANDOVER CAPABILITY AND REQUIREMENTS ANALYSIS
In discussing inter-cell M-TRP operation, it would be relevant to consider operational requirements of Dual Active Protocol Stack (DAPS) handover procedure that is supported in Rel-16 NR. 
During a DAPS handover, after receiving the handover request, a UE maintains transmission/reception session with the source cell. During the execution of the handover, UE receives downlink data from both cells, and at the same time performs synchronization and RACH procedures with respect to the target cell. Once RACH is completed, UE switches its uplink transmission to the target cell, however transmission of downlink date from the source cell continues till target cell sends a release command from the target cell.

Per Rel-16 specifications, support of DAPS operation is based on UE capability as described in the following excerpt [3],
	intraFreqDAPS-r16
[bookmark: _Hlk53685152]Indicates whether UE supports intra-frequency DAPS handover, e.g. support of simultaneous DL reception of PDCCH and PDSCH from source and target cell. A UE indicating this capability shall also support synchronous DAPS handover, single UL transmission and cancelling UL transmission to the source cell for intra-frequency DAPS handover. The capability signalling comprises of the following parameters:
-	intraFreqAsyncDAPS-r16 indicates whether the UE supports asynchronous DAPS handover.
     -	intraFreqDiffSCS-DAPS-r16 indicates whether the UE supports different SCS in source PCell and intra-frequency target PCell in DAPS handover.



As indicated above, there are two main dimensions to this capability. First, whether UE has the capability to conduct an asynchronous DAPS. And second, whether it has the processing capability to handle two different subcarrier spacings. Also, it is important to note that DAPS handover procedure is not intended for FR2-FR2 cases, hence Rel-16 NR specifications describes only FR1-FR1 DAPS requirements. 

Observation 3: DAPS handover is not defined for FR2-FR2 cases.

In the related RAN4 spec. [4], requirements for DAPS handover in synchronous conditions are described as follows:
	6.1.3.2	NR FR1 - NR FR1 DAPS Handover
The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers from NR FR1 cell to NR FR1 cell. A DAPS handover is intra-frequency if the centre frequency of the SSB of the source cell and the centre frequency of the SSB of the target cell are the same, and 	the subcarrier spacing of the two SSBs are also the same.
Note:	For intra-frequency DAPS handover, no requirement applies if active DL and UL BWP of target cell is not confined within the active DL and UL BWP of the source cell respectively.
Note:	For inter-frequency DAPS handover, no requirement applies if the BWP of target cell is overlapped with the BWP of source cell in frequency domain.
An FR1 DAPS handover is synchronous if it meets the conditions in table  6.1.3.2-1, otherwise it is asynchronous
Table  6.1.3.2-1, : Sync condition for FR1 synchronous DAPS handover
	Type of handover
	Maximum receive timing difference between source and taget cell (µs) for sync DAPS handover
	Maximum transmit timing difference between source and taget cell (µs)Note 1 sync DAPS handover

	Intra-frequencyNote 1,2,3
	6µs
	7.6 µs 

	Intra-band inter-frequency Note 1,2,3
	6µs
	7.6 µs

	Inter-band inter-frequency
	33 µs
	34.6 µs

	Note 1 :	If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.
Note 2:	A UE is not expected to transmit in the uplink earlier than NRX-TX after the end of the last received downlink symbol in the same cell where NRX-TX=26500Tc.. 
Note 3:	A UE is not expected to receive in the downlink earlier than NTX-RX after the end of the last transmitted uplink symbol in the same cell where NTX-RX=26500Tc.






Therefore, assuming synchronized cells, to support an intra-band inter-frequency DAPS handover, the requirements calls for a maximum receive timing difference of 6 us, that is evidently derived from the 3us accuracy requirement for the cell phase synchronization.

Observation 4: Simultaneous reception can be done under DAPS synchronous when same BWP, SCS and with aligned SSBs when a maximum receive timing difference is less than 6us. If the timing difference is higher than 6us, it is considered asynchronous.


4. ALTERNATIVES FOR MOVING FORWARD
One way to address the raised issues would be to significantly enhance timing and synchronization requirements of gNBs. As such, we will be able to support inter-cell M-TRP for most cases, however the support for deployments with large subcarrier spacing, e.g., > 60 KHz, would be still challenging and expensive. However, such approach would require extensive studies and evaluations by RAN4 that would not be possible to have them completed, given the current RAN1 timeframe for this feature.
On the other hand, it may be possible to support inter-cell M-TRP operation if we assume a more complex UE frontend processing to handle various asynchronous situations. In other words, if a UE has a double receive processing capability, i.e., double FFT core, it would be possible to support inter-cell M-TRP operation for almost all cases of subcarrier spacing and FR1/2 operation. However, such capability comes at a price of a more expensive UE and more power consumption which is often not a desired outcome.

Alternatively, given the current RAN1 timeframe and cost impact of the first two alternatives, we could proceed by limiting the scope of the M-TRP support to FR1 with subcarrier spacing of 15 KHz. As such, there will not be any need to enhance complexity and cost of neither gNB nor UE. Moreover, RAN4 will not be mandated with any change in the requirements.

Also, it is possible to support inter-cell M-TRP operation based on a combination of all the options described above. As such, in a synchronized cell, support of inter-cell M-TRP in FR1 with subcarrier spacing of 15 KHz can be expected for all UEs and cells. However, if a UE has enhanced receiver processing capability, it can be configured for inter-cell M-TRP according to its reported capability. And last, if cells in certain deployment can operate with more stringent timing requirement than what has called for by RAN4 requirements, their scheduler may configure and schedule UEs accordingly for inter-cell M-TRP operation.

Proposal 1:  For inter-cell M-TRP operation down-select one of the following alternatives
Alt1 - Inter-cell M-TRP is supported only for FR1 operation with a subcarrier spacing of 15 KHz
Alt2 - Inter-cell M-TRP is supported only based on UE capability
· Similar to Rel-16 UE DAPS, the capability signalling may comprise of the following parameters:
· interCellAsync-r17 indicates whether the UE supports asynchronous DAPS handover
· interCellDiffSCS-r17 indicates supported subcarrier spacings 
Alt3 - Inter-cell M-TRP is supported only based on cell synchronization accuracy in a given M-TRP deployment
Alt4 – All of the above

5. RRC CONFIGURATION FOR THE NON-SERVING CELL
To support inter-cell M-TRP, configuration of non-serving cell with their QCL/TCI information is agreed. Furthermore, it has been decided that non-serving cell information can be associated with the TCI state and/or QCL -info at least when “neighbor cell SSB” is used as “QCL referenceSignal. Hence, we can take a next step and analyze the required measurements configuration and results that would come in support of inter-cell M-TRP operation. 
In this section, we discuss RRC configuration options that can be used for supporting the M-TRP inter-cell operation. This discussion is essential regardless of the decision on synchronization requirements for M-TRP inter-cell.
The current RRC specification 38.331 provides the physical cell identity linkage to the SSB configuration that would allow the UE to be configured with a physical cell identity linked SSB configuration from which the TCI can associate the correct QCL parameters. Here is a snapshot of the IEs that are under discussion with the specific parameters highlighted:

SSB-Configuration-r16  ::=          SEQUENCE {
    ssb-Freq-r16                     ARFCN-ValueNR,
    halfFrameIndex-r16                  ENUMERATED {zero, one},
    ssbSubcarrierSpacing-r16            SubcarrierSpacing,
    ssb-Periodicity-r16                 ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2,spare1 }   OPTIONAL, -- Need S
    sfn0-Offset-r16                     SEQUENCE {
        sfn-Offset-r16                      INTEGER (0..1023),
        integerSubframeOffset-r16           INTEGER (0..9)                                                 OPTIONAL  -- Need R
    }                                                                                                      OPTIONAL, -- Need R
    sfn-SSB-Offset-r16                  INTEGER (0..15),
    ss-PBCH-BlockPower-r16              INTEGER (-60..50)                                                  OPTIONAL  -- Cond Pathloss
}

SSB-InfoNcell-r16  ::=              SEQUENCE {
    physicalCellId-r16                  PhysCellId,
    ssb-IndexNcell-r16                  SSB-Index                                                          OPTIONAL, -- Need S
    ssb-Configuration-r16               SSB-Configuration-r16                                              

However, before any inter-cell M-TRP specific RRC configuration can be done, the UE must be configured to measure the possible target neighboring cell, and thus a measurement report for a suitable inter-cell M-TRP neighboring cell is required before any M-TRP configuration can be done by the anchor gNB.
The measurement object for NR may be an SSB based measurement where a M-TRP target cell(s) may be added to the existing measurement object at one point in time, or simply configure the possible target cell right from the start in the initial measurement object.

In a measurement results object for SSB, we have all the information required for a possible M-TRP inter-cell configuration, as can be seen in the following snapshot from the RRC specification:

MeasResultNR ::=                        SEQUENCE {
    physCellId                              PhysCellId                                                                  OPTIONAL,
    measResult                              SEQUENCE {
        cellResults                             SEQUENCE{
            resultsSSB-Cell                         MeasQuantityResults                                                 OPTIONAL,
            resultsCSI-RS-Cell                      MeasQuantityResults                                                 OPTIONAL
        },
        rsIndexResults                          SEQUENCE{
            resultsSSB-Indexes                      ResultsPerSSB-IndexList                                             OPTIONAL,
            resultsCSI-RS-Indexes                   ResultsPerCSI-RS-IndexList                                          OPTIONAL
        }                                                                                                               OPTIONAL
    },
    ...,
    [[
    cgi-Info                                CGI-InfoNR                                                                    OPTIONAL
    ]]
}
……………………………………………..

ResultsPerSSB-IndexList::=              SEQUENCE (SIZE (1..maxNrofIndexesToReport2)) OF ResultsPerSSB-Index

ResultsPerSSB-Index ::=                 SEQUENCE {
    ssb-Index                               SSB-Index,
    ssb-Results                             MeasQuantityResults                                                         OPTIONAL
}
Proposal 2: Reuse Rel-16 related measurement objects and procedures for inter-cell M-TRP operation.

6. CONCLUSIONS
Based on the presented discussion and analysis in the contribution, we make the following observations and proposals:

Observation 1: A 3us synchronization accuracy can be considered for inter-cell M-TRP synchronous case.

Observation 2: For “within a CP reception”, only FR1 with 15KHz SCS can be considered.

Observation 3: DAPS handover is not defined for FR2-FR2 cases.

Observation 4: Simultaneous reception can be done under DAPS synchronous when same BWP, SCS and with aligned SSBs when a maximum receive timing difference is less than 6us. If the timing difference is higher than 6us, it is considered asynchronous.

Proposal 1:  For inter-cell M-TRP operation down-select one of the following alternatives
[bookmark: _Hlk53685040]Alt1 - Inter-cell M-TRP is supported only for FR1 operation with a subcarrier spacing of 15 KHz
Alt2 - Inter-cell M-TRP is supported only based on UE capability
· Similar to Rel-16 UE DAPS, the capability signalling may comprise of the following parameters:
· interCellAsync-r17 indicates whether the UE supports asynchronous DAPS handover.
· interCellDiffSCS-r17 indicates supported subcarrier spacings 
Alt3 - Inter-cell M-TRP is supported only based on cell synchronization accuracy in a given M-TRP deployment
Alt4 – All of the above

Proposal 2: Reuse Rel-16 related measurement objects and procedures for inter-cell M-TRP operation.
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