
[bookmark: _GoBack]3GPP TSG RAN WG1 #109-e                                                                                R1-2203953
e-Meeting, May 9th-20th, 2022

Source:	OPPO
Title:	Unified TCI framework extension for multi-TRP
Agenda Item:	9.1.1.1
Document for:	Discussion

Introduction
The WID [1] of MIMO Evolution for Downlink and Uplink was agreed in RAN#94e meeting. According to the arrangement of chairman note of RAN1#109e, the objectives related to this agenda item are collected and highlighted as below
2. 
3. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.

In this contribution, we present our initial view on the aspects of a) extending unified TCI state for multi-TRP operation, b) UL beam indication for simultaneous multi-panel transmission and c) power control for sDCI based multi-TRP operation. 
Unified approach for extending unified TCI state for mTRP
From Rel.16 to Rel.18, the transmission scheme for multi-TRP have been studied and continuously specified. In our summary, these multi-TRP related transmission schemes can be listed for DL and UL separately
· DL transmission
· Rel.16 mTRP PDSCH (sDCI-mPDSCH, mDCI-mPDSCH, 1a/2a/2b/3/4)
· Rel.17 inter-cell multi-TRP (mDCI-mPDSCH)
· Rel.17 mTRP PDCCH repetition
· Rel.17 SFN PDCCH and SFN PDSCH (for HST)
· UL transmission
· Rel.17 mTRP PUCCH repetition
· Rel.17 mTRP PUSCH repetition
· Rel.18 simultaneous multi-panel transmission (to be specified, if needed)
To recall these transmission schemes, we illustrate Rel.16 mDCI-mPDSCH and Rel.16 sDCI-mPDSCH and Rel.17 sDCI-mPUSCH in Figure 1and Figure 2 respectively. As one may observe that there are various DL and UL mTRP transmission schemes. Apparently, plenty of combinations of DL control channel and DL/UL data channels can be expected. For instance, one mTRP repetitive PDCCH may schedule a sDCI-mPDSCH, and one single-TRP PDCCH may schedule a sDCI-mPUSCH.


Figure 1 [bookmark: _Ref101941950]: mDCI mPDSCH operation


Figure 2 [bookmark: _Ref101941951]: sDCI-mPDSCH operation and sDCI-mPUSCH operation
Observation 1: Various DL and UL mTRP transmission schemes were specified in legacy releases and a plenty of combinations of transmission scheme (including sTRP and mTRP) of DL control channel and DL/UL data channels can be expected. 
Unified TCI framework was established in Rel.17 for single-TRP operation and inter-cell beam management. It is now under maintenance in a post Rel.17 era. Intuitively, it seems straightforward to extend the unified TCI framework to multi-TRP operation, by replacing legacy TCI state in DL and spatial relation information in UL with corresponding DL TCI state and UL TCI state respectively. However, we think RAN1 has a few of open issues coming ahead. The very 1st issue that should be considered is that for those listed mTRP transmission schemes, which of them should be supported with unified TCI framework? If not supported, then the technical reason should be verified. Down to the next level, among these supported mTRP transmission schemes, which combinations of channels or signals are allowed to share the indicated/updated unified TCI state(s). 
Proposal 1: Study and determine which DL and/or UL mTRP transmission schemes can be supported with unified TCI framework. 
Assuming a numerous of mTRP transmission schemes can be supported with unified TCI framework, we hope the beam indication/update can be conducted for DL/UL mTRP operation generically, rather than to support transmission scheme-specific TCI state indication/updating, which would require tremendous standard effort in our view. Signaling wise, by reusing Rel.17 beam indication, i.e. MAC CE and/or DCI based signaling can achieve so.  
Proposal 2: For all supported DL and/or UL multi-TRP transmission schemes, strive to have unified approach on beam indication/updating.
One of the key features of unified TCI state related to mTRP operation in our mind is the shared beam indication/updating among nearly all channels/signals. Note that some particular channels (e.g. non-UE-dedicated channel for receipt of paging) and signals (P/SP CSI-RS) can be indicated with another unified TCI state(s), rather than the shared one(s). From this sense, the unified TCI framework can unify the indicated/updated beam in a DL and/or UL-specific manner or even for a list of CCs if common beam operation for CA is configured. However, for multi-TRP operation (up to 2 TRPs @FR2), the unified feature on beam indication/updating should be properly split in a TRP-specific way. More specifically, if one unified TCI state is indicated for one TRP, it will only unify the DL and/or UL beam for that associated TRP, rather than for the other TRP.
For Rel.17 single-TRP operation, unified TCI state should be shared among DL channels/signals (UE-dedicated PDCCH/PDSCH and AP-CSI-RS) and UL channels/signals (PUCCH/PUSCH/SRS (except SRS for aperiodic beam management purpose)). For multi-TRP, since more than 1 unified TCI states can be indicated, each unified TCI state should be shared within its associated TRP, rather than being applied to multi-TRP simultaneously. Hence, the unified TCI framework should be split for multi-TRP operation. 
Two typical examples on issues can be given. One instance is that sDCI schedules mPDSCH. Two DL TCI states in single DCI can be indicated for two PDSCHs from two TRPs. Then which one out of the two indicated TCI states would be applied the PDCCH? The other one is that PDCCH repetition from two TRPs schedules single-TRP PDSCH. One DL TCI state can be indicated. Which TRP out of two TRPs would be updated with the new indicated TCI state?
Proposal 3: Study how to split the unified TCI framework (DL- and/or UL-specific) as TRP-specific for beam indication/updating.
Signaling aspect
For the maximum number of indicated TCI state for multi-TRP operation, i.e. M (for DL) and/or N (for UL), it is natural to align with single beam operation of single-TRP, i.e. limiting M<=2 and/or N<=2. Each TRP can be indicated either separate DL/UL TCI states (one DL TCI state and one UL TCI state) or joint TCI state. As for N<=2, it is also aligned with the WID on simultaneous UL multi-panel transmission. 
Proposal 4: Support up to M<=2 DL TCI states and/or N<=2 UL TCI states for multi-TRP operation.
From signaling perspective, there could be up to M + N separate DL/UL TCI states to be carried by MAC CE or DCI. Assuming the constraint M<=2 DL TCI states and N<=2 UL TCI states are agreeable, then the total number of signaled TCI states comes to 4 in the case. If that’s the case, at least current MAC CE should be extended to support up to 4 separate DL/UL TCI states per codepoint. 
Alternatively, if MAC CE is not enhanced accordingly, then the payload in DCI to carry unified TCI state should be enlarged, at least for DCI format 1_1/1_2 without DL grant. 
Proposal 5: From the signaling aspects of unified TCI states, study the following options
· Option 1: enhance MAC CE to support up to 4 unified TCI states per codepoint 
· Option 2: enlarge the payload of DCI format 1_1/1_2 without DL grant to carry more than 1 TCI states fields.
Beam application time (BAT)
In Rel.17, beam application time (BAT) of indicated/updated unified TCI state was defined to allow both NW and UE to get aligned on application time of the newly signaled TCI state. The timeline can be found in Figure 3. Specifically, the indicated/updated unified TCI state can be applicable in the 1st slot that is Y symbols (BAT) after the last symbol of acknowledgement for beam indication. 


Figure 3 [bookmark: _Ref101957167]: Beam application timeline in Rel.17 for unified TCI state
Newly indicated beam cannot be applicable when the scheduling in the same DCI is applied for actual transmitted PDSCH. In other words, when the scheduled PDSCH is transmitted, the new beam is not applicable yet. Hence, there seems no default beam issue when the scheduling gap (between PDCCH and PDSCH) is smaller than timeDurationForQCL, as there is no beam change for UE-dedicated PDCCH and PDSCH. Hence, we would like to notice the following 
Observation 2: New beam change always happens after the scheduled PDSCH (if any) and hence there is no default beam issue when scheduling gap (between PDCCH and PDSCH) is smaller than timeDurationForQCL. 
With respect to the BAT definition, this application time should be reconsidered for mTRP operation to check whether there is any circumstance that BAT for multi-TRP operation should be refined or even redefined. For example, in Figure 4 when mPDSCH is scheduled by mDCI (each DCI carrying one DL TCI state), there could be corresponding separate HARQ-ACKs which ends in different symbols/slots. Intuitively, each TRP should have its own beam application time. We didn’t foresee any chance for dramatic change on BAT, and it would be simple and good to reuse BAT mechanism specified in Rel.17 as much as possible.


Figure 4 [bookmark: _Ref101959788]: Beam application timeline for multi-TRP operation
Proposal 6: Strive to reuse the mechanism of beam application time defined in Rel.17 for multi-TRP operation. 
Beam indication for simultaneous multi-panel transmission
Beam reporting enhancement for fast panel selection
In Rel.17, the fast panel selection was intensively discussed and finally specified with introduced UE capability value set. Specifically, UE reports the selected panel type(s) (rather than the panel entity) associated with beam index(es) and performance metric, e.g. L1-RSRP. With these panel related beam reporting, NW indicates UL/Joint TCI state which may contain the reported CRI/SSBRI. With such beam indication, single panel can be selected by UE for UL transmission, if symmetric panels deployed at UE. 
But this beam reporting specified in Rel.17 should be further enhanced in Rel.18, i.e. allowing the reported UE capability value sets to have the same UL transmission parameters, e.g. the same number of SRS antenna port(s). From our experience, the symmetric antenna panel implementation is very common among UE vendors. Assuming the case that when two same panels are deployed at UE, only one panel can be selected with the unreasonable constraint in Rel.17. Therefore, simultaneous multi-panel transmission cannot be fulfilled with this artificial restriction.
Proposal 7: For simultaneous multi-panel transmission, beam reporting with UE capability value set should be relaxed to allow symmetric panel implementation reported in one beam reporting instance.
Beam indication using UL/Joint TCI state
In Rel.17, the TDM-based PUSCH repetition scheme toward different TRPs was specified to enhance UL data reliability. Specifically, two SRS resource sets can be indicated with different orders for mTRP UL transmission. The mapping between TRPs and UL scheduling information (e.g. TPMIs, SRIs) can be clearly signaled to UE. And single-TRP transmission can also be dynamically switched by one indicated SRS resource set. The beam indication for PUSCH repetition (and for PUCCH repetition too) was based on legacy spatial relation information which is mutually excusive to unified TCI state within a band.
In Rel.18, simultaneous multi-panel transmission is under study and to be specified if necessary. In our understanding, the UL beam indication/updating should be conducted using unified TCI framework solely. Considering the function of beam indication split from AI 9.1.4.1, the UL beam information can be separately indicated/updated from other aspects of simultaneous multi-panel scheduling, such as TPMI, single-TRP or multi-TRP (repetition). One of the reasons in our mind is that the UL/Joint TCI state should be applicable in the first slot Y symbols after the HARQ-ACK for actually or virtually transmitted PDSCH. Alternatively, MAC CE based beam indication/updating would also involves latency larger than 3ms. Hence, the UL simultaneous multi-panel scheduling information (via UL DCI) and beam indication/updating (via DL DCI/MAC CE) may not be applicable at the same time instance. 
Proposal 8: For simultaneous multi-panel transmission, the UL beam indication/updating should be conducted via UL/Joint TCI state.
In Rel.17, the mapping between SRS resource set(s) and SRI (carrying UL Tx beam information) is indicated. But in Rel.18, the beam indication should be conducted via UL/Joint TCI state. Hence it is nature to build similar mapping between SRS resource set(s) and UL/Joint TCI state(s) as well. As a consequence, UE can be aware of the 1st TRP is mapped to the 1st set of SRI, TPMI and UL/Joint TCI state or the 2nd set of SRI, TPMI and UL/Joint TCI state.
Proposal 9: For simultaneous multi-panel transmission, support to map UL/Joint TCI state(s) to the 1st SRS resource set and 2nd SRS resource set (if any) defined in Rel.17 for multi-TRP PUSCH repetition in TDM manner.
Potential misalignment between UL scheduling and beam indication 
There could be cases when the indicated/updated UL/Joint TCI state(s) is/are not aligned with UL scheduling. For instance, when 2 UL/Joint TCI states are indicated/updated in DL DCI/MAC CE, the UL DCI may only schedule single-TRP transmission. Inversely, when 1 UL/Joint TCI state is indicated/updated in the same above-mentioned signaling, the UL DCI may schedule simultaneous multi-TRP transmission. 
Observation 3: There could be misalignment between indicated/updated UL/Joint TCI state and scheduled single-panel/multi-panel UL transmission. 
If that’s the case, there should be rules to determine mapping between UL/Joint TCI state(s) with UL scheduling information. 
Proposal 10: For simultaneous multi-panel transmission, study how to handle the cases that the indicated/updated UL/Joint TCI state(s) is/are not aligned with UL scheduling for single-TRP/multi-TRP transmission.
Unified TCI state for UL power control
In Rel.17 for the enhancement of multi-beam operation, UL PC parameters, i.e. PL-RS, and the set of alpha, P0 and CLI, can be optionally associated with UL/Joint TCI state. In our view this association is considered as beam-level power control, which can be simply extended from single-TRP to multi-TRP as well by reusing similar association but on a per TRP basis. In Rel.17 for multi-TRP PUSCH repetition, two SRS resource sets can be mapped to two SRIs in UL scheduling DCI. The SRI field in DCI format 0_1/0_2 can dynamically indicate the UL PC parameters. 
In our previous design, the SRS resource set(s) should also be associated with UL/Joint TCI state(s) to determine the indicated/updated UL beam(s) for transmission. Hence, the power control association chains can be descripted as in Figure 5 where the UL PC parameter set associated with UL/Joint TCI state could be different from that indicated by SRI. Since at each end of this chain, the UL PC parameter set is optionally configured or activated by NW. This collision can be handled by NW implementation. 


Figure 5 [bookmark: _Ref102124681]: UL power control parameter set chains
Observation 4: Potential UL PC parameter set collision (one set from associated UL/Joint TCI state and another set from indicated SRI) can be addressed by NW implementation. 
Proposal 11: Support to reuse the association between UL PC parameters and UL/Joint TCI state(s) for sDCI-mPUSCH operation in Rel.18.
For simultaneous multi-panel transmission scheduled by sDCI, there could be transmission power split issue. Whether there should be per panel transmission power limitation should be studied and discussed. Moreover, the PHR can be also per TRP. Hence, we think it’s necessary to investigate these issues. 
Proposal 12: For sDCI-mPUSCH, study per panel transmission power limitation and per panel PHR in Rel.18.
Evaluation assumption
According to the 2nd objective of Rel.18 DL and UL MIMO WID, RAN1 should specify the extension of unified TCI state for multi-TRP operation. It seems not necessary to use legacy TCI state (for DL) and spatial relation information (for UL) as benchmarks, since only the signaling is to be replaced but not transmission schemes. But just in case, if there is strong motivation to evaluate the unified TCI state for mTRP, we would like to suggest to reuse the EVM on multi-beam operation that RAN1 applied during Rel.17.
The EVM on multi-beam operation was determined at RAN1#102e as below. The scenarios on intra-cell mobility, inter-cell mobility, MPE, multi-panel transmission, etc were considered for SLS. As for multi-TRP transmission schemes in Rel.17, PDCCH and PUCCH/PUSCH repetition schemes are with EVM summarized in [2] and [3] respectively, in which LLS and/or SLS are considered. 
Agreement
The three proposals on R1-2007151 on the evaluation methodology for multi-beam enhancement are agreed.

In our understanding, if RAN1 would like to evaluate the case of extending unified TCI state for mTRP, beam indication for simultaneous multi-panel transmission, and UL power control for sDCI based mTRP, we would suggest to reuse Rel.17 EVM on multi-beam operation (except MPE and inter-cell mobility) and Rel.16/17 EVM on multi-TRP operation. 
Proposal 13: For EVM of extending unified TCI state for mTRP, simultaneous multi-panel transmission and UL power control for sDCI-mPUSCH, reuse the EVM of Rel.17 multi-beam operation and Rel.16/17 multi-TRP operation if needed.  
Conclusion
In this section, allow us to repeat our proposals and observations
Proposal 1: Study and determine which DL and/or UL mTRP transmission schemes can be supported with unified TCI framework. 
Proposal 2: For all supported DL and/or UL multi-TRP transmission schemes, strive to have unified approach on beam indication/updating.
Proposal 3: Study how to split the unified TCI framework (DL- and/or UL-specific) as TRP-specific for beam indication/updating.
Proposal 4: Support up to M<=2 DL TCI states and/or N<=2 UL TCI states for multi-TRP operation.
Proposal 5: From the signaling aspects of unified TCI states, study the following options
· Option 1: enhance MAC CE to support up to 4 unified TCI states per codepoint 
· Option 2: enlarge the payload of DCI format 1_1/1_2 without DL grant to carry more than 1 TCI states fields.
Proposal 6: Strive to reuse the mechanism of beam application time defined in Rel.17 for multi-TRP operation. 
Proposal 7: For simultaneous multi-panel transmission, beam reporting with UE capability value set should be relaxed to allow symmetric panel implementation reported in one beam reporting instance.
Proposal 8: For simultaneous multi-panel transmission, the UL beam indication/updating should be conducted via UL/Joint TCI state.
Proposal 9: For simultaneous multi-panel transmission, support to map UL/Joint TCI state(s) to the 1st SRS resource set and 2nd SRS resource set (if any) defined in Rel.17 for multi-TRP PUSCH repetition in TDM manner.
Proposal 10: For simultaneous multi-panel transmission, study how to handle the cases that the indicated/updated UL/Joint TCI state(s) is/are not aligned with UL scheduling for single-TRP/multi-TRP transmission.
Proposal 11: Support to reuse the association between UL PC parameters and UL/Joint TCI state(s) for sDCI-mPUSCH operation in Rel.18.
Proposal 12: For sDCI-mPUSCH, study per panel transmission power limitation and per panel PHR in Rel.18.
Proposal 13: For EVM of extending unified TCI state for mTRP, simultaneous multi-panel transmission and UL power control for sDCI-mPUSCH, reuse the EVM of Rel.17 multi-beam operation and Rel.16/17 multi-TRP operation if needed.  
Observation 1: Various DL and UL mTRP transmission schemes were specified in legacy releases and a plenty of combinations of transmission scheme (including sTRP and mTRP) of DL control channel and DL/UL data channels can be expected. 
Observation 2: New beam change always happens after the scheduled PDSCH (if any) and hence there is no default beam issue when scheduling gap (between PDCCH and PDSCH) is smaller than timeDurationForQCL. 
Observation 3: There could be misalignment between indicated/updated UL/Joint TCI state and scheduled single-panel/multi-panel UL transmission. 
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