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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 multi-TRP enhancements:
3. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
In this contribution, the second aspect, i.e., inter-cell multi-TRP operation as part of multi-TRP support, is discussed in detail.
Discussion
Existing discussions and conclusions 
Inter-cell multi-TRP operation was briefly discussed in Rel-16, with the following agreements and conclusion relevant to Rel-17 scope:
RAN1 #95
Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #xx1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· [bookmark: OLE_LINK9]#4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 
· whether/how to do joint A/N payload considering the applicability of backhaul assumption 
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
· Other enhancements are not excluded.
· Note 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. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.
· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 
RAN1 #96
Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2
RAN1 #98bis
Conclusion
The following is not supported in Rel-16 due to lack of consensus and time:
· Enhancement on TCI framework by indicating SSB/PCI from a non-serving cell for multi-TRP/panel transmission for an inter-cell scenario

We have the following observation:
Observation 1: Several discussions in Rel-16 eMIMO are relevant to Rel-17 FeMIMO inter-cell M-TRP:
· Assumptions related to the deployment, e.g., CP / FFT window / backhaul for M-TRP 
· TCI framework to include PCI/SSB of a non-serving cell
· TRP-specific CORESET (i.e., CORESET pool indexes for different TRPs)
Rel-17 Inter-cell M-TRP to support PDSCH
Based on the above observation, we point out that the following issues may need to be first clarified in order to enhance inter-cell M-TRP operations:
· 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 backhaul can be assumed, then likely the timing/frequency differences between the TRPs are negligible; otherwise non-negligible synchronization errors should be considered in the design.
· 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.
· Inter-cell signal delay spread and CP length
Depending on the synchronization among the inter-cell TRPs and the relative distances of the TRPs to the UE, the possible assumptions are:
· The inter-cell signal delay spread is within the CP length but 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. 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 different 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. 
· UE assumptions/behaviour/capability 
When multiple tracking loops and FFT windows are needed on the same carrier on the same OFDM symbol 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. For example, the standards may take an explicit approach, that is, the standards specify some UE behaviours such as “the UE applies multiple FFT windows on the same carrier on the same OFDM symbol based on the multiple TCI states for DL receptions”, which may not be preferred. On the other hand, the standards may take a more implicit approach, that is, the standards specify only the minimum UE assumptions such as “the UE assumes multiple QCL assumptions that respectively link to multiple SSBs (directly or indirectly through one or more RS) on the same carrier on the same OFDM symbol based on the multiple TCI states for DL receptions”. This should be discussed in Rel-17.
Regardless whether the standards specify UE assumptions 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.
Likewise, for UL transmissions, the UE behaviour and capability to acquire, maintain, and apply multiple TAs should be specified in standards. 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 1: For inter-cell multi-TRP enhancement:
· Clarify the scenario and key assumptions on time/frequency synchronization, backhaul, inter-cell signal delay spread, and UL support
· Discuss necessary UE assumptions/behaviour/capability to support multiple QCL assumptions linking to multiple SSBs on the same carrier/OFDM symbol

With the above clarified, it would be straightforward to provide a TCI framework to include 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). As discussed in Rel-16, the standards can be enhanced to include the non-PCell/SCell SSB via new configurations. 
· Then TRS/CSI-RS/DMRS of the inter-cell TRP can QCL 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). For another example, in the case of SDM with overlapping time/frequency resources, the multiple PDSCH DMRS ports are 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. 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. FDM/TDM can also be considered in similar but generally simpler ways.
· With the non-serving SSB configured to the UE, it is questionable whether the CORESET pool indexes are still needed. The UE can link PDSCH/PDCCH 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.
Proposal 2: For inter-cell multi-TRP enhancement, QCL/TCI state can include a non-serving cell SSB, and CORESET pool indexes may not need to be explicitly configured.

Inter-cell M-TRP uplink enhancement necessary to support M-TRP PDSCH
As discussed above, to support inter-cell multi-TRP, UL transmissions may also need to be enhanced. For example, the A/N may need to be sent separately to the respectively TRPs to ensure retransmission in time, especially when the backhaul latency is longer than 10 or 20 TTIs. Since the UE needs to transmit to multiple TRPs, UL TA needs to be acquired for each of the TRPs and then maintained by the UE. 
· Rel-15/16 design of one TA per carrier/serving cell may not be sufficient for Rel-17 inter-cell M-TRP UL
[bookmark: _GoBack]Rel-15/16 TAGs are cell-based. In one carrier there is only one serving cell, and that cell is assigned with one TAG. With Rel-16 M-TRP design, for a TRP not co-located with a serving cell, Rel-16 does not have a separate TA for it and the UE applies the TA of the co-channel serving cell for this TRP. However, as discussed previously, in Rel-17 inter-cell M-TRP, DL CP may not be sufficient to cover propagation delay differences, delay spread, and M-TRP sync inaccuracy, and similarly one can conclude that one TA for inter-cell M-TRP may not be sufficient. Using only one TA for all TRPs would negatively affects UL TA accuracy, PUCCH/PUSCH reliability/spectrum efficiency, sounding accuracy for UL/DL full MIMO CSI acquisition, and so on. Thus, it is suggested to support more than one TA in a carrier in Rel-17.
· Multiple PRACH configurations may be needed
To acquire TA from the inter-cell TRP, the UE needs to transmit PRACH according to the network configuration. It is not very clear whether the current standards already allow multiple PRACH configurations or not, but at least the UE behaviour to support multiple PRACH and multiple TAs in a carrier are not defined in the current standards. Hence, Rel-17 should provide clear standard specifications for supporting multiple PRACH/TA configurations. See also a companion contribution [1] for related discussions.
Proposal 3: For inter-cell multi-TRP UL enhancement, support to acquire and maintain multiple TA values for multiple TRPs on the same carrier.
[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed inter-cell multi-TRP operation. The following are observed and proposed:
Observation 1: Several discussions in Rel-16 eMIMO are relevant to Rel-17 FeMIMO inter-cell M-TRP:
· Assumptions related to the deployment, e.g., CP / FFT window / backhaul for M-TRP 
· TCI framework to include PCI/SSB of a non-serving cell
· TRP-specific CORESET (i.e., CORESET pool indexes for different TRPs)
Proposal 1: For inter-cell multi-TRP enhancement:
· Clarify the scenario and key assumptions on time/frequency synchronization, backhaul, inter-cell signal delay spread, and UL support
· Discuss necessary UE assumptions/behaviour/capability to support multiple QCL assumptions linking to multiple SSBs on the same carrier/OFDM symbol
Proposal 2: For inter-cell multi-TRP enhancement, QCL/TCI state can include a non-serving cell SSB, and CORESET pool indexes may not need to be explicitly configured.
Proposal 3: For inter-cell multi-TRP UL enhancement, support to acquire and maintain multiple TA values for multiple TRPs on the same carrier.
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