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In 3GPP RAN Meeting #86, a new work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with inter-cell multi-TRP enhancements:
3. 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 3GPP RAN1 Meeting #102-e, the following agreement on inter-cell multi-TRP enhancements was achieved. 
Agreement
Study the following aspects of QCL /TCI-related enhancement to enable inter-cell multi-DCI based multi-TRP operation.
· Details on configuration of non-serving cell RS;
· Allowed source and target RS types for RS transmitted from the non-serving cell TRP ;
· Allowed QCL types for RS transmitted from the non-serving cell TRP ;
· Measurement and reporting related to QCL /TCI enhancement except for that in 8.1.1, if any;
· Clarification on potential UE behavior for associating/multiplexing non-serving cell RS with other RS/channels;
· Other details not precluded.
In this contribution, further discussions on inter-cell multi-TRP enhancements are provided.

Discussion
Scenarios
As discussed in the previous RAN1 meeting and RAN Plenary meeting, the scenarios that the inter-cell M-TRP feature is to be designed for can play a vital role in the standardization process. The following factors need to be first clarified and agreed in order to enhance inter-cell M-TRP operations:
· Propagation delay differences
The Rel-17 inter-cell M-TRP propagation delay difference should be equal to or larger than the Rel-16 intra-cell M-TRP propagation delay difference, especially considering URLLC use cases and large cells. Some companies considered to limit the Rel-17 inter-cell M-TRP to at most the same propagation delay difference of Rel-16, but then the applicable scenarios will be very limited, and the resulting design would only be useful to very small areas (e.g., around the midpoint of two neighboring cells) of the network or cells with limited sizes.
· Synchronization and backhaul assumptions
The following backhaul assumptions should be discussed and decided:
· Time/frequency synchronization assumptions for the inter-cell TRPs. 
For example, timing difference between the inter-cell TRPs may cause the CP or one FFT window insufficient. How well the time/frequency synchronization between the inter-cell TRPs is may depend on the backhaul assumption. If ideal or fast backhaul can be assumed, then the timing/frequency differences between the TRPs may be generally small and in some cases negligible; otherwise non-negligible synchronization offset should be considered in the design. Note that inter-cell synchronization accuracy is up to 3us (TDD only) per RAN4 requirements, and there is no other RAN4 requirements for other deployment. And for Rel-16 M-TRP, the following test set-up was agreed for multi-TRP (intra-cell) in RAN4:
· Timing offset among multi-panel/TRP 
· FR1 FDD with 15KHz
· Positive timing offset: 2us
· Negative timing offset: -0.5us
· FR2 TDD with 30KHz
· Positive timing offset: 1us
· Negative timing offset: -0.25us
· Backhaul latency and coordination
Generally, for inter-cell TRPs, ideal/fast backhaul cannot be assumed. Backhaul latency of a few milliseconds to a couple of tens of milliseconds and semi-static coordination should be considered in the design. With non-ideal backhaul, the UL transmission, including ACK/NACK, sent to one TRP, may not be accessible by the other inter-cell TRP timely enough.
· Inter-cell signal delay spread and CP length
Depending on the synchronization among the inter-cell TRPs and the relative distances / propagation delay differences of the TRPs to the UE, the possible assumptions for the resulting inter-cell signal delay spread versus the CP length are:
· The inter-cell signal delay spread is within the CP length but could be close to the CP length
Even though the inter-cell signal delay spread is within the CP length, the arrival times from the TRPs may still be large due to the synchronization accuracy of the TRPs and/or the propagation delay differences. The UE may still need to have the capability of supporting multiple tracking loops and FFT windows in order to improve its signal reception performance.
· The inter-cell signal delay spread is longer than the CP length
Multiple tracking loops and FFT windows are needed in this case.
Thus, in either case, the UE may need to have the capability of supporting multiple tracking loops and FFT windows.
· For DL only or for both UL and DL
For inter-cell M-TRP deployment, it may not be likely to support DL only for a TRP, especially when the backhaul latency is not small enough. For example, for multi-DCI based multiple PDSCH transmissions with 10~20 ms backhaul latency or longer, generally multiple ACK/NACKs toward the respective TRPs are needed, and hence multiple uplink connections with the TRPs should be considered.
If multiple uplink connections are to be supported, it seems the UL TA may need to be separately acquired and maintained for the inter-cell TRPs. To this aim, multiple PRACH configurations for multiple TRPs are needed, and multiple TAs have to be maintained by the UE. 
On the other hand, if only one uplink connection is to be supported in inter-cell M-TRP scenarios, then ACK/NACKs to both TRPs have to be transmitted to only one of the TRPs, which may cause some issues to retransmissions and URLLC if the backhaul latency is not small. Also since the CQI reports are transmitted to only one of the TRPs, the link adaptation capability of the other TRP may be negatively impacted.
· FR1 and FR2 
For FR1, 15 and 30 kHz SCS are used, corresponding to 4.69 and 2.34 us CP lengths. The M-TRP signals may be within CP, comparable to the CP length, or longer than the CP. In the general case, at least for inter-cell M-TRP, the scenarios where the signals could be beyond the CP should be discussed, and RAN1 can decide if these scenarios should be covered in the Rel-17 design or left for future releases. If these are covered in Rel-17 design, then the Rel-17 features can be widely used in many networks, otherwise, limited usage is expected.
For FR2, based on the below table of CP lengths, it is quite obvious that one CP is not sufficient, and the UE should utilize its multiple panels to receive and process signals from the TRPs. If the multi-panel processing of M-TRP signals are not supported in Rel-17, then FR2 inter-cell M-TRP feature cannot be used in practice. Therefore, we suggest RAN1 to focus on the cases of longer than the CP for FR2. However, if this is not agreeable by RAN1, then we suggest Rel-17 inter-cell M-TRP should not target FR2 systems and 3GPP should consider FR2 later.

Table 1 Normal CP lengths for different numerologies
	Numerology
	SCS (kHz)
	Normal CP (µs)

	0
	15
	4.69

	1
	30
	2.34

	2
	60
	1.17

	3
	120
	0.59

	4
	240
	0.29

	5
	480
	0.15



Therefore, to summarize, for inter-cell multi-TRP in Rel-17, the following 3 factors should be considered:
A: Propagation delay difference is equal to or larger than that of Rel-16 considering URLLC use cases and large cells; in addition,
B: Synchronization offset between multiple cells; and
Note that inter-cell synchronization accuracy is up to 3us (TDD only) per RAN4 requirements
C: Backhaul between the cells can be non-ideal with a certain amount of delay
This requires separate uplink transmissions to multiple TRPs of different cells
In RAN1 #102-e and RAN #89 meetings, some companies argued that synchronization and timing aspects for inter-cell multi-TRP are out of scope while others think it is a natural part of the practical scenarios and needs to be considered/discussed to ensure smooth progress of the work and usefulness of the feature.
To proceed the Rel-17 inter-cell multi-TRP work, there are 2 alternatives:
Alt. 1: Only consider factor A
The applicable scenarios will be very limited: very tightly synchronized cells with very fast backhaul.
Alt. 2: Consider all factors A, B, and C
Applicable to more practical scenarios
RAN1 needs to determine between Alt. 1 and Alt. 2. The above discussions are captured in the proposal below.
Proposal 1: For inter-cell multi-TRP enhancement:
· Propagation delay difference is equal to or larger than that of Rel-16 considering URLLC use cases and large cells;
· Further clarify the scenario and key assumptions on synchronization, backhaul, and UL support:
· Clarify FR1 synchronization offset and backhaul between two TRPs, and whether the resulting signals can be beyond the CP length for the UE or not
· Clarify FR2 synchronization offset and backhaul between two TRPs, and whether the resulting signals can be beyond the CP length for the UE or not

Inter-cell M-TRP designs
With the above clarified, it would be straightforward to provide a QCL/TCI-related framework to enable inter-cell M-TRP, which mainly includes the utilization of PCI/SSB of a non-serving cell:
· In Rel-16 design, the SSB of an inter-cell TRP cannot be configured/acquired based on existing standardized mechanisms for serving cells (PCell and SCells) in most of the features. The exception is for the UE sounding procedure for positioning purposes, so that the UE can transmit SRS based on the pathloss to a neighboring/non-serving cell. Some related excerpts from TS38.214 and TS38.331 are:
	[bookmark: _Toc52457846][bookmark: _Toc45810636][bookmark: _Toc36645587][bookmark: _Toc29674357][bookmark: _Toc29673364][bookmark: _Toc29673223]6.2.1.4	UE sounding procedure for positioning purposes
When the SRS is configured by the higher layer parameter SRS-PosResource-r16 and if the higher layer parameter spatialRelationInfoPos-r16 is configured, it contains the ID of the configuration fields of a reference RS according to Clause 6.3.2 of [TS 38.331]. The reference RS can be an SRS configured by the higher layer parameter SRS-Resource or SRS-PosResource-r16, CSI-RS, SS/PBCH block, or a DL PRS configured on a serving cell or a SS/PBCH block or a DL PRS configured on a non-serving cell. 
The UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol.
If the UE is not configured with the higher layer parameter spatialRelationInfoPos-r16 the UE may use a fixed spatial domain transmission filter for transmissions of the SRS configured by the higher layer parameter SRS-PosResource-r16 across multiple SRS resources or it may use a different spatial domain transmission filter across multiple SRS resources. 
The UE is only expected to transmit an SRS configured the by the higher layer parameter SRS-PosResource-r16 within the active UL BWP of the UE.
When the configuration of SRS is done by the higher layer parameter SRS-PosResource-r16, the UE can only be provided with a single RS source in spatialRelationInfoPos-r16 per SRS resource for positioning.
For operation on the same carrier, if an SRS configured by the higher parameter SRS-PosResource-r16 collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs. 
The UE does not expect to be configured with SRS-PosResource-r16 on a BWP not configured with PUSCH/PUCCH transmission.
	SSB-InfoNCell field descriptions

	physicalCellId
This field specifies the physical cell ID of the neighbour cell for which SSB configuration is provided.

	ssb-IndexNcell
This field specifies the index of the SSB for a neighbour cell. See TS 38.213 [13]. If this field is absent, the UE determines the ssb-IndexNcell of the physicalCellId
based on its SSB measurement from the cell.

	ssb-Configuration
This field specifies the full configuration of the SSB. If this field is absent, the UE obtains the configuration for the SSB from nr-SSB-Config received as part of DL PRS assistance data in LPP, see TS 37.355 [49], by looking up the corresponding SSB configuration using the field physicalCellId.


    pathlossReferenceRS-Pos-r16                 CHOICE {
        ssb-IndexServing-r16                        SSB-Index,
        ssb-Ncell-r16                               SSB-InfoNcell-r16,
        dl-PRS-r16                                  DL-PRS-Info-r16
    }                                                                                                   OPTIONAL, -- Need M
	ssb-IndexSevingcell
Indicates SSB index belonging to a serving cell

	ssb-NCell
This field indicates a SSB configuration from neighboring cell





It seems that this could be a good starting point for the enhancements. Once the non-serving cell’s PCI/SSB/RS are configured for the UE, they may be further configured for QCL/TCI states for the UE. Therefore, the Rel-16 scheme for a non-serving cell’s SSB/RS configuration can be reused as much as possible.
· As analyzed above, Rel-17 design should reuse the Rel-16 scheme for neighbor cell SSB/RS configuration as much as possible. However, in Rel-16, the neighbor cell’s may have different parameters such as BWP bandwidth, SCS, etc., than the serving cell’s, and hence those parameters may need to be configured for the UE. In Rel-17 M-TRP, however, those parameters are the same as the serving cell’s, and hence the UE may ignore those parameters, or to avoid any ambiguity, those parameters may be removed from the configuration. 
· When configuring the neighbor cell’s SSB to the UE, due to the synchronization offset between the serving cell and the neighbor cell, the UE may need to perform a search within a time window for the PSS/SSS. This is a bit similar to LTE DRS design. Then the SSB search time window should be optionally configured for the UE.
· Then TRS/CSI-RS/DMRS/SRS of the inter-cell TRP can be QCLed to the SSB, directly or indirectly via other RS. For example, in the case of SDM with overlapping time/frequency resources, the multiple PDSCH DMRS ports are QCLed to TRS/CSI-RS of the respective TRPs (e.g., QCL Type A), and the TRS/CSI-RS are further QCLed to the SSBs of the respective TRPs (e.g., QCL Type C); in this case, the PDSCH DMRS ports are QCLed to the SSBs indirectly but the TRS/CSI-RS are QCLed to the SSBs directly. For another example, in the case of SDM with overlapping time/frequency resources, the multiple PDSCH DMRS ports may be directly QCLed to the SSBs of the respective TRPs (e.g., QCL Type A). Note that the PDSCH DMRS ports cannot be in one CDM group as they are for inter-cell TRPs, and DMRS ports in one CDM groups should be QCLed to the same source RS directly or indirectly. Likewise, PDCCH DMRS ports also need to have such QCL/TCI states configured, but the PDCCH DMRS ports for one PDCCH are all from one TRP (except for SFN). FDM/TDM can also be considered in similar but generally simpler ways.
In addition, the UL signal relation to some other signals, such as the pathloss RS relation, the spatial relation info, the relation defined by SRI, etc., may be generally viewed as extended QCL relation. Thus, each UL signal, such as SRS and PUCCH/PUSCH DMRS, can be “QCLed” to a SSB directly or indirectly. 
To conclude, we suggest to allow all existing QCL types and DL-UL spatial relation info and SRI and PL RS relation, and allow source RS to be SSB, TRS, CSI-RS, and SRS, and target RS to be TRS, CSI-RS, DL DMRS, SRS, and UL DMRS.
· With the non-serving SSB configured to the UE, it is questionable whether the CORESET pool indexes are still needed. The UE can link PDCCH (via PDCCH’s CORESET configuration and/or SS set configuration) as well as other transmissions/receptions to the inter-cell TRP via the QCL relation to the non-serving SSB, and hence the CORESET pool indexes may not need to be explicitly configured in this case.
· Regarding inter-cell measurement and reporting, generally the UE can follow network configuration. For example, if an UL transmission is configured towards a non-serving cell, the pathloss to that cell has to be measured based on a pathloss RS, which is derived from a RSRP measurement based on that pathloss RS. This measurement has to be performed by the UE, but it may or may not be reported depending on the network configuration. For other measurement and reporting for the non-serving cell, as long as the SSB/PCI and RS can be configured, the measurement and reporting can also be configured, and the UE can follow the network configuration. So far we do not see a strong motivation to enhance in Rel-17, but this could still be considered if justifications are provided.
We have the following proposals regarding the configuration of non-serving cell PCI/SSB/RS:
Proposal 2: For inter-cell multi-TRP enhancement, QCL/TCI state can include a non-serving cell PCI/SSB/RS, and reuse Rel-16 scheme for a non-serving cell’s SSB/RS configuration as much as possible but remove parameters common between the M-TRPs (e.g., BWP BW, SCS, etc.).
Proposal 3: For inter-cell multi-TRP, configure an optional SSB search time window when configuring a neighbor cell’s SSB/PCI.
[bookmark: _Hlk53748112]Proposal 4: For inter-cell multi-TRP, allow QCL types of all existing QCL types and DL-UL spatial relation info and SRI and PL RS relation.
[bookmark: _Hlk53748146]Proposal 5: For inter-cell multi-TRP, allow source RS to be SSB, TRS, and CSI-RS, and target RS to be TRS, CSI-RS, DL DMRS, SRS, and UL DMRS.
Proposal 6: For inter-cell multi-TRP, UE shall perform measurement and reporting for non-serving cell based on network configuration.

· UE assumptions/behaviour/capability 
[bookmark: _GoBack]If TRP-specific processing (such as multiple TRP-specific tracking loops and FFT windows) are needed on the same carrier on the same or different OFDM symbols for a UE to receive PDSCH/PDCCH from inter-cell multi-TRPs, whether the standards specify UE assumptions/behaviour under multiple QCL/TCI states should be clarified. Standards may specify some general UE behaviours such as “the UE shall process the M-TRP DL receptions on a carrier based on their associated TCI states”. Exactly how the UE operates may not need to be standardized, and whether the UE should support multiple tracking loops and multiple FFT windows can be left for UE implementation. For example, a UE may apply the same receiving timing to DL signals arriving at different timings, or apply different receiving timings to DL signals arriving at different timings. 
Regardless whether the standards specify UE assumptions and/or behaviours, the UE needs to have the capability to receive inter-cell multi-TRP with delay spread comparable or longer than the CP length if supported in Rel-17, and the capability may be standardized and tested by performance testing, which may be the minimum standard impact for the DL UE assumptions/behavior/capability.
For UL transmissions, the UE behaviour and capability to acquire, maintain, and apply multiple TAs should be specified in standards. See detailed discussions in [1] on UL TA related issues. These are generally similar to UE CA capability but the aggregation of additional radio resources is on the same carrier instead of on multiple carriers.

Proposal 7: For inter-cell multi-TRP, study the minimum standard support for UE to receive DL signals with different arrival timings and to transmit UL signals with different timings.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed inter-cell multi-TRP operation. The following are proposed:
Proposal 1: For inter-cell multi-TRP enhancement:
· Propagation delay difference is equal to or larger than that of Rel-16 considering URLLC use cases and large cells;
· Further clarify the scenario and key assumptions on synchronization, backhaul, and UL support:
· Clarify FR1 synchronization offset and backhaul between two TRPs, and whether the resulting signals can be beyond the CP length for the UE or not
· Clarify FR2 synchronization offset and backhaul between two TRPs, and whether the resulting signals can be beyond the CP length for the UE or not
Proposal 2: For inter-cell multi-TRP enhancement, QCL/TCI state can include a non-serving cell PCI/SSB/RS, and reuse Rel-16 scheme for a non-serving cell’s SSB/RS configuration as much as possible but remove parameters common between the M-TRPs (e.g., BWP BW, SCS, etc.).
Proposal 3: For inter-cell multi-TRP, configure an optional SSB search time window when configuring a neighbor cell’s SSB/PCI.
Proposal 4: For inter-cell multi-TRP, allow QCL types of all existing QCL types and DL-UL spatial relation info and SRI and PL RS relation.
Proposal 5: For inter-cell multi-TRP, allow source RS to be SSB, TRS, and CSI-RS, and target RS to be TRS, CSI-RS, DL DMRS, SRS, and UL DMRS.
Proposal 6: For inter-cell multi-TRP, UE shall perform measurement and reporting for non-serving cell based on network configuration.
Proposal 7: For inter-cell multi-TRP, study the minimum standard support for UE to receive DL signals with different arrival timings and to transmit UL signals with different timings.
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