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Introduction
In this contribution, we discuss the following aspects for Multi-TRP inter-cell operation enhancements:
· Other required non-serving cell SSB information
· Configuration of non-serving cell SSB information
· Association of non-serving cell SSB information with TCI state
· Non-serving cell PL-RS for UL transmission
· Sequence generation of non-serving cell TRS
· Rate matching and collision handing
Discussion
Other required non-serving cell SSB information
In RAN1 #104-e meeting, it was agreed that non-serving cell SSB information besides PCI are need, i.e., SSB time domain position, SSB transmission periodicity and SSB transmission power. Where, the requirement of other non-serving cell information was still FFS [1].
	RAN1 #104-e
Agreement
Non-serving cell information at least includes non-serving cell PCI to support inter-cell multi-DCI multi-TRP operation
· FFS: Whether the indication of PCI is implicit or explicit
Agreement
At least following non-serving cell SSB information are needed in inter-cell MTRP operation 
· SSB time domain position
· SSB transmission periodicity
· SSB transmission power
FFS: Other non-serving cell information
FFS: Whether indication of these information is implicit or explicit


In general, it is typical and rational that the non-serving cell TRP selection (TCI/ QCL indication) is determined based on mobility measurement, which means the non-serving cell SSB for inter-cell MTRP operation should be one of the SSB(s) that configured in MeasObjectNR. Furthermore, measurement object identified by measObjectId is used to provide the time/frequency location and SCS of SSB(s) to be measured. 
Observation 1: Non-serving cell SSB used as QCL source RS for inter-cell MTRP operation should be one of SSBs which aims to mobility measurement.
According to the current specification, it allows that multiple SSBs with a same SSB index for measurement can be configured for one cell, which means both PCI and SSB index of different SSBs can be same, then only using PCI and SSB index can’t identify one target SSB. Naturally, some other information is needed to identify the target SSB without ambiguity, such as SSB center frequency associated to the MO. For intra-frequency operation, the frequency of SSB in MO can be obtained by the information of serving cell. On the other hand, for inter-frequency operation, due to the center frequency of serving cell and non-serving cell can be different (as shown in Figure 1), the frequency of non-serving cell SSB should be informed to the UE.
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Figure 1: SSBs used for mobility measurement with different frequency in inter-frequency operation
When inter-cell MTRP in inter-frequency operation, some cell-specific parameters, such as SCS and SFN index, can be different between serving cell TRP and non-serving cell TRP. Once the non-serving cell SSB is used as QCL source RS, it means that SCS and SFN index of non-serving cell SSB can be different with the serving cell configuration. Therefore, these parameters of non-serving cell SSB also should be provided to the UE. 
Proposal 1: Other non-serving cell SSB information provided to UE should also include center frequency, SCS, and SFN offset, especially when inter-frequency operation.

Configuration of non-serving cell SSB information
To efficiently provide the non-serving cell information and make the specifications clear, a new RRC IE can be introduced to configure all of the required non-serving cell information, and linked with some TCI states. 
Note that most of required non-serving cell SSB information can be obtained in MeasObjectNR (i.e., pci-List for non-serving cells, ssb-ToMeasure for SSB position, smtc for SSB periodicity, ssbFrequency for SSB frequency, ssbSubcarrierSpacing for SCS, and deriveSSB-IndexFromCell for SFN), MeasObjectId (which used to identify MeasObjectNR) and PCI can be included in the new IE to determine a dedicated SSB from the desired non-serving cell with low specification effort. On the other hand, due to MeasObjectNR for mobility measurement are always configured in RRC connected state, and in order to avoid redundant measurement as well as ensure the performance, the selected non-serving cell should be one of the physical cell configured in MeasObjectNR. Thus, it is efficient and sufficient to use MeasObjectId and PCI to provide the required non-serving information.
Proposal 2: Support to introduce a new RRC IE to link TCI states with non-serving cell SSB information.
· At least MeasObjectId and PCI of the non-serving cell SSB should be included in the new IE.

Association of non-serving cell SSB information with TCI state
In RAN1#104b-e meeting, one non-serving cell PCI per CC was agreed for inter-cell MTRP in non-CA operation. Moreover, it was agreed to further study whether/how many CORESETPoolIndex(es) should be associated with non-serving cell PCI [2].
	RAN1 #104b-e
Agreement
For intercell MTRP operation, 1 additional PCI different from the serving cell PCI is supported per CC
· The additional PCI is the one associated with one or more TCI states that are activated for [CSI-RS for CSI]/PDSCH/PDCCH, per CC.
· Applicable at least for non-cross carrier QCL indication
· FFS: Cross carrier scheduling QCL indication
RAN1 to decide on the maximum number of PCIs different from the serving cell PCI per CC and/or across all CCs that can be RRC-configured for multi-DCI based inter-cell multi-TRP
Above should be specified by reusing R15 QCL rules as concluded in RAN1#104-e
Agreement
For intercell MTRP operation, downselect one or more of the following alternatives in RAN1#105-e
· Alt1: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with only one CORESETPoolIndex
· Alt2: one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with more than one CORESETPoolIndex
· Alt3: one PCI associated with TCI states for [PDSCH]/PDCCH via QCL relationship without association with CORESETPoolIndex
Note: This agreement is not related to the down-selection of one of the 5 options from RAN1#104-e
Note: Above should be specified by reusing Rel-15/Rel-16 QCL rules as concluded in RAN1#104-e


Firstly, it should be supported to associate non-serving cell PCI with CORESETPoolIndex. Note that it was endorsed in RAN#92-e that QCL/TCI related enhancement to enable inter-cell MTRP operation should be based on MDCI based MTRP scheme with Rel-15/16 TCI framework. CORESETPoolIndex was introduced in Rel-16 to support TRP specific configurations for multi-DCI based Multi-TRP, such as HARQ-ACK, data scrambling, default beam, power control, etc. Where, CORESETPoolIndex value 0 and 1 correspond to TRP#0 and TRP#1 respectively based on Rel-16 conception. Likewise, to support inter-cell MTRP operation in Rel-17, CORESETPoolIndex should be associated with the TCI groups to provide UE the information of how to associate different PCIs/TCI states with those TRP specific parameters, especially for non-ideal back-haul between two TRPs which is the most typical scenario for multi-DCI based MTRP operation. However, if multiple PDSCH/PDCCH transmissions corresponding to the same CORESETPoolIndex value are indicated with TCI states from both serving cell and non-serving cell, then HARQ-ACK feedback towards to serving cell and non-serving cell will be mixed, as well as the rule on TRP specific out-of-order of PDCCH-to-PDSCH and/or PDCCH-to-PUCCH may not be sustained. Therefore, it makes sense to associate CORESETPoolIndex with non-serving cell PCI for TRP differentiation.
Secondly, due to inter-cell MTRP operation is based on Rel-16 MDCI MTRP scheme, it means at most two TRPs can be used for DL/UL transmission in this scenario. Then, it can be natural that one out of the two TRPs is deployed in a serving cell, and the other is deployed in a non-serving cell. Based on that, all TCI states should be split into two groups, and each of them is either associated with serving cell or non-serving cell.
In the light of the above discussion, it makes sense to support Alt. 1 that one PCI can be associated with only one CORESETPoolIndex for inter-cell operation.
Proposal 3: For inter-cell MTRP operation, one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with only one CORESETPoolIndex. (Alt. 1)

In RAN1#104-e, five options were listed to further discuss how to associate non-serving cell information with TCI state [1].
	RAN1 #104-e
Agreement
For inter-cell MTRP operation, further discuss following options and down select in RAN1#104bis-e
Option1: Indicate/associate non-serving cell PCI in the TCI state
-          FFS other non-serving cell information
Option2: Introduce a flag to indicate whether a TCI state/QCL information is associated with non-serving cell information or serving cell
-          FFS: how the flag is linked to non-serving cell
Option3: Explicit or implicit grouping of TCI states associated with non-serving cell information corresponding to the serving cell and the non-serving cell respectively.
-          FFS: Each group is associated with a CORESETPoolIndex value.
-          FFS: how to link the group of TCI states to non-serving cell.
Option4: Re-index the non-serving cell RS, e.g., in the TCI state/QCL-Info, so that the UE can differentiate between a serving cell RS and a non-serving cell RS
-          Example: serving cell RSs are indexed from #0, #1, …, #N-1, while non-serving cell RSs are re-indexed from #N, #N+1, …
-          FFS: detailed re-indexing rule(s) of non-serving cell RSs
Option5: Introduce a new indicator (e.g., re-index the non-serving cell) to indicate the non-serving cell information that a TCI state/QCL information is associated with
-          FFS: how the indicator is linked to non-serving cell
-          Note: when there is only one non-serving cell, it means the same as Option2.


For option 1, it is ambiguity about how to associate non-serving cell information and TCI state via PCI. Here, one way can be to use an indicator or a flag of TRP specific QCL purpose to establish the link, which is similar with option 2, 3, and 5 in fact. If non-serving cell PCI is indicated in TCI state directly, it will lead to unnecessary overhead increasing, because up to 10 bits of 1008 PCIs are required for the target non-serving cell TRP. Besides, it also means that TRP specific configurations for MDCI based MTRP operation need redesign, which will cause redundant specification change.
For option 2 and option 3, these two solutions are very similar with each other, and the difference between them is whether to implicitly or explicitly include the parameter CORESETPoolIndex (which can be seen as the flag in option 2) in a part of TCI states to indicate the associated non-serving cell information. Note that association between cell-related information and TCI state group is set up by setting association between cell-related information and CORESETPoolIndex, and the cell-related information of a TCI state of PDSCH/PDCCH is based on cell-related information associated with CORESETPoolIndex. Based on that, TRP specific configurations can be guaranteed by option 3 and the specification will be clearer for both Rel-16 and Rel-17 MTRP.   
For option 4, it is similar to option 2 and option 3, which is the way to implicitly associate non-serving cell PCI in TCI state. However, this solution needs to re-index serving-cell and non-serving cell RSs, which will cause higher complexity of configuration. Specifically, it needs to introduce more bits and further processing to identify a RS regardless the RS is from serving cell or from non serving cell.
For option 5, due to it was agreed that only one non-serving cell can be configured in one CC, this option is the same as option 2 and option 3. Hence, this option is redundant and can be removed.
Based on the above analysis, option 3 is the most straightforward way to include the parameter CORESETPoolIndex (which also can be seen as a flag) in some TCI states to indicate the associated non-serving cell information. Following this way, it can guarantee the related configurations are TRP-specific and backward compatible.
Proposal 4: For the configuration of associating TCI state/ QCL-info with non-serving cell SSB information, support that all TCI states should be split into two groups which corresponding to serving cell and non-serving cell, respectively. (Option 3)
· Each group of TCI states is associated with a CORESETPoolIndex value.

Non-serving cell PL RS for UL transmission
On power control of UL transmission in Rel-15/16, either SSB or NZP CSI-RS can be used as path-loss RS. When it comes to inter-cell MTRP operation, it is reasonable to support the agreed non-serving cell SSB for mobility measurement to be used for path-loss measurement. Based on that, such non-serving cell PL-RS should be able to be distinguished from the serving-cell PL-RS. One intuitive way is to use an indicator in PL-RS configuration to indicate the cell where it comes from.
Proposal 5: Support to use non-serving cell SSB for mobility measurement as the PL-RS for uplink transmission.

Sequence generation of non-serving cell TRS
In the current specifications, the whole TCI indication framework is TRS centric. TRS is the major RS for UE to track different types of QCL parameters. Hence it is necessary to track TRS from neighbor cell as QCL source as well. Furthermore, one key issue is about how to correctly initialize its sequence generation. Specifically, as virtual cell ID of TRS can be configured by gNB flexibly, sequence generation of non-serving cell TRS should be based on the slot index of the non-serving cell. 
In the current specifications, UE assumes the sequence generation for TRS with the following two formulas [3].



where  is the slot number within a radio frame.
As shown in Figure 3, UE 1 may receive TRS 1 from the serving cell and TRS 2 from the non-serving cell in the scenario of inter-cell MTRP operation. Meanwhile, TRS 2 is also configured to and received by UE 2 which only connects with the non-serving cell of UE 1. Here, we assume that slot index associated to TRS 1 is denoted as x and slot index associated to TRS 2 is denoted as y. Due to the configuration of serving cell and neighbor cell is irrelevant in some scenarios, the configured values of x and y are mutually independent. It should be noted that UE 1 can report frame timing difference between serving cell and neighbor cell in an L3 measurement reporting according to TS38.331. The frame timing difference between serving cell and neighbor cell is smaller than 5ms according to the description in TS 38.211 as shown in following table. Consequently, the slot number  of serving cell and neighbor cell can be different in some scenarios.
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Figure 3:	TRS with respective SFN of inter-cell MTRP operation
	TS 38.211, Subclause 6.3.3.2	Mapping to physical resource
<Omitted Part>
For handover purposes to a target cell in paired or unpaired spectrum where the target cell uses , the UE may assume the absolute value of the time difference between radio frame  in the current cell and radio frame  in the target cell is less than  if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms.
<Omitted Part>


If UE 1 assumes the sequence generation for neighbor cell TRS 2 based on the serving cell , the neighbor cell TRP must transmit TRS 2 based on . In such case, TRS 2 cannot be shared between UE 1 and some other UEs (such as UE 2 in Figure 3) connected to the neighbor cell. Then it costs large TRS overhead. In order to address this issue, sequence generations for TRS from serving cell and TRS from neighbor cell should be based on its respective slot index , i.e., TRS used as TCI source from a neighbor cell should generate the sequence based on the slot index from this neighbor cell.
Proposal 6: Sequence generation of a non-serving cell TRS used as TCI source should be based on slot index of this non-serving cell.

Rate matching and collision handling
In RAN1#104-e meeting, the following agreement was agreed that non-serving cell SSB should be rate matched around PDSCH/PDCCH from the same non-serving cell [1].
	RAN1 #104-e
Agreement
Agree on scheme1
-     Scheme1: PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around non-serving cell SSB with the same PCI
-     FFS: whether PDSCH /PDCCH from serving cell (PCI) is rate matched around non-serving cell SSB
-     FFS: whether PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info is rate matched around serving cell SSB


[bookmark: _GoBack]First, one remaining issue is whether non-serving cell PDSCH/PDCCH need to be rate matched around all non-serving cell SSBs with the same PCI. Based on the current specification for intra-cell MTRP operation, the PRBs containing SSB transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted according to ssb-PositionsInBurst. Accordingly, it means PDSCH should be rate matched around all SSB configured in ssb-PositionsInBurst. For inter-cell MTRP, considering that the non-serving cell SSB configured in ssb-PositionsInBurst may can be used for beam measurement of L1/L2 mobility as well, it is sufficient to rate match around a part of  such SSBs, not all of them. As shown in Figure 4, non-serving cell SSB#0 to SSB#5 are configured for L1/L2 mobility when UE moves from point A to point B near the serving cell edge. When UE allocated in point A, SSB#1 is indicated as QCLed RS for non-serving cell PDSCH, it is enough to rate match PDSCH around SSB#0, SSB#1 and SSB#2 (set as group#1), because the interference caused by SSB#3, SSB#4 and SSB#5 (set as group#2) is small and can be negligible. Based on that, once a non-serving cell SSB QCL-ed with PDSCH/PDCCH is included in a SSB group, PDSCH/PDCCH should be rated matched around all the SSBs in the SSB group. With respect to the approach on set all non-serving cell SSBs as multiple groups, this may depend on gNB implementation and can be informed by RRC or MAC CE. The details can be further studied and discussed.
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Figure 4: Group based rate matching for inter-cell MTRP operation
Proposal 7: Support that non-serving cell PDSCH/PDCCH is rate matched around a subset of non-serving cell SSBs of  transmitted SSBs configured in ssb-PositionsInBurst. 
Second, another remaining issue is whether PDSCH/PDCCH and SSB from different cells (serving cell and non-serving cell, respectively) should be processed via rate matching. In reality, when the NCJT UE receives multiple downlink signals from different cells, due to the serious interference which impact reliability and robustness of inter-cell MTRP transmissions, the resource of SSB should be rate matched around PDSCH/PDCCH from another cell. Specifically, once serving cell PDSCH/PDCCH and non-serving serving cell SSB, especially which is included in an activated TCI state, are overlapped by part or all of the resources, the PDSCH/PDCCH should do rate matching around the SSB, and vice versa. In addition, how to indicate this rate matching information for PDSCH/PDCCH associated with serving cell PCI or non-serving cell PCI can be further studied.
Proposal 8: PDSCH /PDCCH associated with serving cell PCI should be rate matched around non-serving cell SSB, and PDSCH/PDCCH associated with non-serving cell PCI should be rate matched around serving cell SSB as well.
In the case of TDD operation in Rel-15/16 NR, a single carrier frequency for uplink and downlink channels/signals are separated in the time domain on a cell basis. Due to the UE cannot transmit and receive simultaneously, some signaling mechanisms provide information to the UE on whether the resources are used for uplink transmission or downlink reception, such as: i) Dynamic signaling for the scheduled transmission; ii) Semi-static signaling via RRC; iii) Dynamic SFI shared by a group of UEs.
With respect to inter-cell MTRP operation, it has been agreed to adopt non-serving cell SSB as source RS so far. Correspondingly, the rules on collision handling between UL channels/signals and non-serving cell SSB should be designed as in Rel-15/16, which include: i) UL channels/signals which overlap with non-serving cell SSB fully or partially should not be transmitted; ii) The symbols for SSB cannot be set as UL channels/RSs symbols; iii) The symbols for SSB are set as invalid and not counted for PUSCH repetition Type B transmission. Similar as the consideration of rate matching that to avoid interference, the above three rules should be guaranteed and enforced.
Proposal 9: Any UL channels/signals (no matter associated with serving cell PCI or non-serving cell PCI) should NOT be transmitted in the symbols of non-serving cell SSB.
Conclusions
Based on the above discussion, we have following observations and proposals.
Observation 1: Non-serving cell SSB used as QCL source RS for inter-cell MTRP operation should be one of SSBs which aims to mobility measurement.
Proposal 1: Other non-serving cell SSB information provided to UE should also include center frequency, SCS, and SFN offset, especially when inter-frequency operation.
Proposal 2: Support to introduce a new RRC IE to link TCI states with non-serving cell SSB information.
· At least MeasObjectId and PCI of the non-serving cell SSB should be included in the new IE.
Proposal 3: For inter-cell MTRP operation, one PCI associated with one or more of activated TCI states for [PDSCH]/PDCCH can be associated with only one CORESETPoolIndex. (Alt. 1)
Proposal 4: For the configuration of associating TCI state/ QCL-info with non-serving cell SSB information, support that all TCI states should be split into two groups which corresponding to serving cell and non-serving cell, respectively. (Option 3)
· Each group of TCI states is associated with a CORESETPoolIndex value.
Proposal 5: Support to use non-serving cell SSB for mobility measurement as the PL-RS for uplink transmission.
Proposal 6: Sequence generation of a non-serving cell TRS used as TCI source should be based on slot index of this non-serving cell.
Proposal 7: Support that non-serving cell PDSCH/PDCCH is rate matched around a subset of non-serving cell SSBs of  transmitted SSBs configured in ssb-PositionsInBurst. 
Proposal 8: PDSCH /PDCCH associated with serving cell PCI should be rate matched around non-serving cell SSB, and PDSCH/PDCCH associated with non-serving cell PCI should be rate matched around serving cell SSB as well.
Proposal 9: Any UL channels/signals (no matter associated with serving cell PCI or non-serving cell PCI) should NOT be transmitted in the symbols of non-serving cell SSB.
[bookmark: _Ref446511358][bookmark: _Ref446506608][bookmark: _Ref446507216]References
[1] RAN1 Chairman's Notes RAN1#104-e final.
[2] RAN1 Chairman's Notes RAN1#104b-e final.
[3] 3GPP TS 38.211 V16.4.0, subclause 7.4.1.5.2: Sequence generation.
image4.png
serving cell non-serving cell

SSB group#1

SSB group#2




image1.png
configured with

I // asame PCI

SSB frequency of MeasObject1

SSB frequency of MeasObject2

Measurement Cell




image2.wmf
(

)

(

)

)

1

2

(

2

1

2

1

)

2

(

2

1

2

1

)

(

+

×

-

+

×

-

=

m

c

j

m

c

m

r


oleObject1.bin

image3.png
TRS 1 with slot index x TRS 2 with slot index y

servmg cell é\ @ &é neighbor cell





