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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 first aspect, i.e., multi-TRP and/or multi-panel enhancement for non-PDSCH, is discussed in detail. For URLLC, the data transmissions have to meet reliability requirement of lower than 1E-5 BLER. To ensure this level of reliability, at least the channels directly associated with URLLC data transmissions, such as PDCCH/PUCCH/PUSCH, have to have similar reliability requirement. Therefore, one main objective of this contribution is to propose approaches that can significantly improve the reliability of PDCCH/PUCCH/PUSCH. Rel-16 provides roughly 2x diversity for M-TRP PDSCH, so it is expected that Rel-17 M-TRP should provide similar diversity for other channels.
In addition, in some multi-TRP scenarios, the UE needs to perform PRACH transmissions to the multiple TRPs separately to acquire TA, and hence PRACH also needs to be enhanced.

Deployment scenario clarification
The following issues may need to be first clarified in order to enhance M-TRP non-PDSCH operations:
· Backhaul assumptions
The following backhaul assumptions should be discussed and decided:
· Time/frequency synchronization assumptions for the multiple TRPs
For example, timing difference between the TRPs may cause the CP or one FFT insufficient. How well the time/frequency synchronization between the 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 differences should be considered in the design.
· Backhaul latency and coordination
For intra-cell TRPs, ideal/fast backhaul and therefore dynamic coordination may be assumed at least in some cases, but for inter-cell TRPs, ideal/fast backhaul cannot be always assumed. In general, backhaul latency of a few milliseconds to a couple of tens of milliseconds and semi-static coordination should be considered in the typical designs.
· M-TRP signal delay spread and CP length
Depending on the synchronization among the TRPs and the relative distances of the TRPs to the UE, the possible assumptions are:
· The M-TRP signal delay spread is much shorter than the CP length 
This assumption may hold only if the M-TRP distance is small (e.g., intra-cell M-TRP scenario within a small cell) and TRPs are tightly synchronized, which is already supported by Rel-16 M-TRP. This may have limited applications.
· The M-TRP signal delay spread is shorter than but comparable to the CP length
Even though the M-TRP signal delay spread may be within the CP length, the arrive time difference 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 M-TRP signal delay spread is longer than the CP length
Multiple tracking loops and FFT windows are needed in this case.
Clearly, the design for multi-TRP non-PDSCH enhancements highly depend on the above assumptions and hence assumptions should be clarified before moving forward to designing details. See also [1] for related discussions for inter-cell M-TRP.
Proposal 1: For multi-TRP non-PDSCH enhancement, clarify the scenario and key assumptions on time/frequency synchronization, backhaul, and M-TRP signal delay spread.

PUCCH enhancement
To meet 1E-5 BLER requirement for data transmission, PUCCH reliability needs to be at least the same or better (i.e., lower) than 1E-5 BLER, preferably an order of magnitude better. 
In Rel-16, some agreements relevant to M-TRP PUCCH, mainly for M-DCI A/N feedback, are briefly summarized below:
· Separate and/or joint A/N feedback in PUCCH is supported
· For separate A/N, TDMed long and/or short PUCCH is supported, and each PUCCH resource may be associated with a higher layer index per CORESET
· For joint A/N, joint semi-static HARQ-ACK codebook can be used and A/N bits are concatenated in a certain order
· Switching between separate and joint A/N feedback is supported via RRC configuration
For Rel-17, the following enhancement may be considered:
· Extend above enhancement of PUCCH with ACK/NACK to PUCCH with CSI
· Allow separate and/or joint CSI feedback in PUCCH
· May need to distinguish URLLC-oriented CSI reporting vs non-URLLC-oriented CSI reporting, in terms the contents, format, repetition, collision handling, etc.
· TDM of M-TRP PUCCH, and PUCCH repetition in time domain and spatial domain (i.e., multiple TRPs) 
· Other possible enhancements
· Consider one PDCCH/PDSCH transmission followed by multiple (i.e., repetition) PUCCH A/N feedback
That is, the UE may perform repeated A/N transmissions to one of the TRPs or both TRPs. This may be useful if the reliability of ACK/NACK feedback cannot reach the target BLER. 
· Soft combining / joint reception at the network side
Whether it is feasible to perform soft combining / joint reception by multiple TRPs may depend on backhaul assumptions between the TRPs. However, for the same TRP, soft combining of repeated PUCCH transmission is possible.
Proposal 2: For PUCCH enhancement, the following may be considered:
· Extend Rel-16 enhancement of PUCCH with ACK/NACK to PUCCH with CSI
· Study repeated ACK/NACK transmissions to one or both TRPs
· Study the feasibility of soft combining / joint reception

PUSCH enhancement
For Rel-17, the following enhancement may be considered for PUSCH:
· PUSCH enhancement similar to Rel-16 M-TRP PDSCH enhancement:
· [bookmark: _Hlk46830399]TDM of M-TRP PUSCH can be considered. 
PUSCH repetition in time domain and spatial domain (i.e., multiple TRPs) can be considered. The repetition should be for same TB, but the same or different RVs may be considered.
· Single-DCI and multi-DCI to schedule PUSCH can be considered. 
The feasibility of single-DCI to schedule PUSCH to multiple TRPs depends on the backhaul assumption.
· [bookmark: _Hlk46413848]Support of the higher layer indexes or scrambling IDs for M-TRP PUSCH transmissions
In Rel-16, different scrambling IDs (dataScramblingIdentityPDSCH) for M-TRP PDSCH transmissions are introduced. In addition, if a higher layer signalling index per CORESET is configured, dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index. 
Likewise, in Rel-17, different scrambling IDs (dataScramblingIdentityPUSCH) for M-TRP PUSCH transmissions should introduced. In addition, if a higher layer signalling index per CORESET is configured, dataScramblingIdentityPUSCH is associated with a higher layer signalling index per CORESET and is applied to the PUSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· Other enhancements:
· CSI feedback enhancement for URLLC (see, e.g., [2]) may require support in this WI, e.g., TRP-specific interference reporting in PUSCH
· May need to distinguish URLLC-oriented PUSCH data transmission / CSI reporting vs non-URLLC-oriented data transmission / CSI reporting, in terms the contents, format, repetition, collision handling, etc.
Proposal 3: For M-TRP PUSCH enhancement, support:
· TDM of PUSCH, with single or multiple DCIs to schedule the PUSCH
· Multiple scrambling IDs for M-TRP PUSCH transmissions and link to the higher layer indexes
· URLLC related enhancements via PUSCH

PDCCH enhancement
For Rel-17, the following enhancement may be considered for PDCCH:
· PDCCH repetition in time domain and spatial domain (i.e., multiple TRPs) can be considered.
For example, DCI 1 may be sent from TRP 1, and DCI 1 could be a S-DCI to schedule PUSCHs/PDSCHs jointly for TRPs 1 and 2, or one of the M-DCIs to schedule PUSCH/PDSCH only for TRP 1. DCI 1 may be repeated in a later OFDM symbol, sent by TRP 1, TRP 2, or even both. The PDCCH repetition can be useful for higher reliability. 
However, one issue needs to be resolved. When the UE receives multiple PDCCH transmissions, each schedules a PDSCH (or a PUSCH), the UE may not understand that these PDCCH transmissions are actually the repetition and they should lead to only one PDSCH (or only one PUSCH). The UE may incorrectly assume it is scheduled for two PDSCH transmissions (or two PUSCH transmissions) at the same time and decide to drop one or both of the transmissions. This is an example showing that PDCCH repetitions have to be explicitly signalled to the UE, otherwise UE assumptions should be standardized so that the UE assumes PDCCH repetition based on identical resource allocation in the multiple DCIs.
· Cross-TRP (TRP1 DCI to schedule TRP2 PDSCH/PUSCH or vice versa) scheduling, joint DCI (S-DCI to schedule for both TRPs) sent from either TRP, or joint transmission of the same DCI (for one or separate PDSCH/PUSCH transmissions in one or both TRPs) may be considered.
To support these enhancements, the QCL/TCI states and CORESET pool indexes should be enhanced to ensure that the transmissions are correctly associated with the intended TRP(s).
Proposal 4: For M-TRP PDCCH enhancement, support:
· PDCCH repetition in time domain and spatial domain
· Cross-TRP scheduling, joint DCI, and joint transmission of the same DCI

PRACH enhancement necessary to support M-TRP PUSCH/PUCCH
PRACH and TA enhancement is needed for robust/reliable/efficient transmissions of PUSCH/PUCCH. In the companion contribution [1], we also argue that PRACH and TA enhancement are needed for inter-cell M-TRP. However, even for intra-cell M-TRP, depending on the cell size and synchronization accuracy between the TRPs, one TA may not be sufficient. 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 uplink transmissions
[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, 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 5: For multi-TRP UL enhancement, support to acquire and maintain multiple TA values for multiple TRPs on the same carrier via PRACH enhancement and TA configuration enhancement.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed non-PDSCH design with multi-TRP, focused on improving the reliability of the non-PDSCH channels. The following are proposed:
Proposal 1: For multi-TRP non-PDSCH enhancement, clarify the scenario and key assumptions on time/frequency synchronization, backhaul, and M-TRP signal delay spread.
Proposal 2: For PUCCH enhancement, the following may be considered:
· Extend Rel-16 enhancement of PUCCH with ACK/NACK to PUCCH with CSI
· Study repeated ACK/NACK transmissions to one or both TRPs
· Study the feasibility of soft combining / joint reception
Proposal 3: For M-TRP PUSCH enhancement, support:
· TDM of PUSCH, with single or multiple DCIs to schedule the PUSCH
· Multiple scrambling IDs for M-TRP PUSCH transmissions and link to the higher layer indexes
· URLLC related enhancements via PUSCH
Proposal 4: For M-TRP PDCCH enhancement, support:
· PDCCH repetition in time domain and spatial domain
· Cross-TRP scheduling, joint DCI, and joint transmission of the same DCI
Proposal 5: For multi-TRP UL enhancement, support to acquire and maintain multiple TA values for multiple TRPs on the same carrier via PRACH enhancement and TA configuration enhancement.
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