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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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/panel for non-PDSCH 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 
In 3GPP RAN1 Meeting #104-e, a set of agreements on multi-TRP/panel for non-PDSCH enhancements were achieved. In this contribution, further discussions on these enhancements are provided. 

PDCCH enhancement
In 3GPP RAN1 Meeting #104-e, the following agreements concerning PDCCH enhancements were achieved:
Agreement
Confirm the working assumption: 
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).
Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.
Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.
Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:
· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.
· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.
Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.
Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set
Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation
Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2
Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.
· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.
Agreement
For PDCCH repetition, two PDCCH candidates in two SS sets are linked based on
· Having the same AL and the same candidate index: 
· Two linked SS sets are configured with the same number of candidates for each AL.
Conclusion.
The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. 

[bookmark: _Hlk61436186]BD counts
Scenarios and assumptions
Regarding the BD count for Option 2 + Case 1 with up to two PDCCH candidates, we first clarify a few transmission/reception schemes/scenarios. Considering potentially selection diversity and soft combining for non-SFN PDCCH transmissions, various UE implementations, and different propagation conditions, the schemes/scenarios for Option 2 + Case 1 include, with the example of AL4:
· Scenario 1: M-TRPs transmissions of AL4 + AL4:
· [bookmark: _Hlk68103288]Scenario 1A: Both transmissions have gone through 
· Scenario 1A-1: UE soft combining scheme: UE decodes using AL4 + AL4
· Scenario 1A-2: UE selection scheme: UE decodes with one AL4 selected by the UE
· [bookmark: _Hlk68103336]Scenario 1B: One outage scenario: Only one transmission has gone through (the other experiences an outage due to, e.g., blockage), and UE decodes with the one succeeded AL4
· Scenario 2: Dynamical network selection scheme: one TRP transmits AL4, and UE decodes with the AL4
Therefore, within the framework of Option 2 + Case 1, M-TRP/S-TRP dynamic switching and UE/network selection scheme dynamic switching can be supported. UE/network selection and soft combining can be supported by Option 2 + Case 1. Note that S-TRP transmission may be seen as a special case of network selection.
[bookmark: _Hlk68103377]We’d like to emphasize the importance of Scenario 1B. Although both TRPs send PDCCH to the UE, in practice, there is always a certain probability that one of them experiencing an outage, caused by blockage, channel fading, interference, etc., and hence one transmission cannot reach the UE with sufficient SINR. This is not decided by the gNB as done in the dynamic network selection scenario, and is not decidable by the UE as done in the UE selection scenario; it is just some inevitable but unpredictable event, which can occur rather often (and that is part of the reason why M-TRP is needed). Knowing that inevitability and unpredictability of such events, gNB and UE operations need to take them into consideration.
Proposal 1: For the BD count, take into consideration the one-outage scenario in which only one transmission has gone through, and exactly which one cannot be known a priori.

[bookmark: _Hlk68103437]It is also critical to clarify an important UE behavior, that is, for the decoding assumptions, whether the UE always follows a fixed/pre-determined BD order or not. From the discussions so far, it seems that the UE can only follow a pre-determined BD order and cannot adapt it BD behavior. However, if there is other side information provided to the UE, the UE may be able to adapt, but so far that does not seem to be the case. The BD order is part of UE implementation and not reported/known to the gNB. It is suggested that UE vendors should clarify. For example, for Assumption 3 UE decoding the first PDCCH candidate and the combined candidate, we have to assume a fixed BD order such as either {candidate 1, candidates 1+2} or {candidate 2, candidates 1+2}, but cannot adaptively switch between these two orders. The rest of the analysis is based on this understanding unless otherwise specified.
Proposal 2: For the BD count, clarify the implementation assumption that a pre-determined BD order has to be adopted by the UE.

[bookmark: _Hlk68103485]The agreement has a note as “Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation”. It may be useful to further clarify whether it is considered as UE disclosing its receiver implementation when UE reports its soft-combining capability. If it is not reported, the gNB may need to assume the worst cases, that is, for the BD count, the gNB may assume a higher BD count as some UEs may perform soft combining on top of individual decoding, but the gNB may also have to assume a more conservative BD performance as some other UEs cannot perform soft combining. The rest of the analysis is based on this understanding but we are open to other understanding.
Proposal 3: For the BD count, clarify whether UE reporting soft-combining capability is considered as disclosing receiver implementation or not.

BD analysis and evaluations
Now we analyze the four assumptions:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
BD order: {candidates 1+2}
This works well for M-TRP transmissions with soft combining and UE selection, but does not work for one outage or dynamic network selection, since if only one PDCCH candidate is transmitted, the combined candidate is generally not decodable.
· Assumption 2: UE decodes individual PDCCH candidates
BD order: {candidate 1, candidate 2}
This works well for M-TRP transmissions, UE selection, one outage, and dynamic network selection, but cannot utilize the benefit of soft combining.
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
BD order: {candidate 1, candidates 1+2}
This works well for M-TRP transmissions, soft combining, and UE selection, but does not work for one outage or dynamic network selection, since if only PDCCH candidate 2 is transmitted, decoding only PDCCH candidate 1 and the combined candidate will not be successful.
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
BD order: {candidate 1, candidate 2, candidates 1+2}
This works well for all schemes, but the complexity is the highest.
A number of PDCCH schemes with various assumptions have been evaluated based on RAN1 agreed EVM and BD strategies. The factors/aspects include:
· M-TRP pathloss difference
· 0 dB
· 3 dB
· 6 dB
· Blockage probability (when blockage occurs, a loss of x = 10 dB is applied)
· 0%
· 5%
· 10%
· PDCCH BD strategies
· d1: BD for PDCCH candidate 1 only. BD order: {candidate 1}
· d2: BD for PDCCH candidate 2 only. BD order: {candidate 2}
· d1&d2: BD for PDCCH candidate 1 followed by BD for PDCCH candidate 2. BD order: {candidate 1, candidate 2}
· d1&dsc: BD for PDCCH candidate 1 followed by BD for soft combining. BD order: {candidate 1, candidates 1+ 2}
· d2&dsc: BD for PDCCH candidate 2 followed by BD for soft combining. BD order: {candidate 2, candidates 1+ 2}
· dsc: BD for soft combining. BD order: {candidates 1+ 2}
· d1&&d2&dsc: BD for PDCCH candidate 1 followed by BD for PDCCH candidate 2 followed by BD for soft combining. BD order: {candidate 1, candidate 2, candidates 1+2}
The results are provided in the next 9 figures, each of which shows all the BD strategies for a fixed pathloss difference and a fixed blockage probability.
[image: ]
Figure 1 BD performance for 0 dB pathloss difference and 0% blockage probability
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Figure 2 BD performance for 0 dB pathloss difference and 5% blockage probability
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Figure 3 BD performance for 0 dB pathloss difference and 10% blockage probability
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Figure 4 BD performance for 3 dB pathloss difference and 0% blockage probability (d2&dsc overlaps with dsc, and d1&dsc overlaps with d1&d2&dsc)
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Figure 5 BD performance for 3 dB pathloss difference and 5% blockage probability
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Figure 6 BD performance for 3 dB pathloss difference and 10% blockage probability
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Figure 7 BD performance for 6 dB pathloss difference and 0% blockage probability (d2&dsc overlaps with dsc, and d1&dsc overlaps with d1&d2&dsc)
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Figure 8 BD performance for 6 dB pathloss difference and 5% blockage probability (d2&dsc overlaps with dsc, and d1&dsc overlaps with d1&d2&dsc)
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Figure 9 BD performance for 6 dB pathloss difference and 10% blockage probability (d2&dsc overlaps with dsc, and d1&dsc overlaps with d1&d2&dsc)

We have the following key observations for schemes without dynamic network selection:
· Generally, the decoding strategies, sorted from the worst BLER performance to the best performance, are:
· [bookmark: _Hlk61865318]Decoding only one of the candidates;
· Decoding both candidates individually; 
· Soft combining;
· Decoding only one of the candidates and soft combining; 
· Decoding both candidates individually and soft combining. 
The last two in the list have very similar performance when the decoding of only one of the candidates is selected smartly. The soft combining in most cases also has similar performance as the last two.
· Based on the above, the following are observed for the assumptions:
· Assumption 2 (UE decodes individual PDCCH candidates) is generally insufficient;
· Assumption 1 (UE only decodes the combined candidate without decoding individual PDCCH candidates) and Assumption 3 (UE decodes the first PDCCH candidate and the combined candidate) can generally lead to the best performance with smart adaptation of the BD orders, but when the BD order adaptation is not possible as mentioned above, they cannot generate the best performance in all scenarios.
· Assumption 4 (UE decodes each PDCCH candidate individually, and also decodes the combined candidate) is not necessary as it performs very similar to Assumption 3 with smart adaptation of the BD orders, but when the BD order adaptation is not possible as mentioned above, Assumption 4 is needed for the best performance.
Realistic BD counts
Regarding the BD counts, from the above observations, we can conclude that:
· 3 BD per DCI is needed in general to guarantee the best BD performance, especially with one-outage scenario or dynamic network selection, assuming a fixed BD order UE implementation; 
· 1 BD (soft combining) and 2 BD (one candidate and soft combining) are sufficient for the best BLER performance for schemes without considering one-outage scenario or dynamic network selection;
· 2 BD (one candidate and soft combining) is also sufficient for the best BLER performance in general, even considering one-outage scenario or dynamic network selection, assuming an adaptive BD order UE implementation.
However, the last two bullet points cannot be considered as realistic. The only realistic conclusion is the first bullet point, in which 3 BD per DCI is needed in general. Several proposals were suggested by some companies with <3 BD, but those proposals rely on some unrealistic assumptions as pointed out above.
Now we analyze the 5 options one by one based on above discussions.
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
As analyzed above, a BD count of 2 is insufficient for the most general scenarios. If the UE is not required to report some fundamental assumptions such as soft-combining capability and the gNB does not signal the UE about dynamic selection decisions, there is no use for the UE to report more than one BD number to the gNB.
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
Pending the clarification of whether soft-combining capability is part of UE implementation or not, this option may or may not be a valid option.
Assuming soft-combining capability can be reported. This option seems incomplete as it does not cover the case when soft combining is not supported. With the reporting of soft-combining capability, the uncertainty in BD counts is further reduced and no reporting of BD counts is needed.
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
As analyzed above, Assumption 1 is insufficient with one-outage scenario or dynamic network selection. It is also unclear why Alt 1 and Alt 2 have more than 1 BD for soft combining only.
· Number of BDs for decoding assumption 2: 2
Assumption 2 cannot be optimal in BD performance since it does not allow soft combining.
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
Assumption 3 without adaptation of BD order cannot achieve optimal BD performance with one-outage scenario or dynamic network selection.
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
Assumption 4 is optimal but it does not need to be reported.
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
2 BD without adaptation of BD order cannot achieve optimal BD performance with one-outage scenario or dynamic network selection.
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
This is the only way to ensure the optimal BD performance in all scenarios with all possible UE implementations.
Proposal 4: For the BD count for Option 2 + Case 1 with up to two PDCCH candidates, support Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption.

Other discussions
Some other PDCCH discussions are provided below.
· [bookmark: _Hlk67662575]PUCCH resource determination: Option 1 based on the lowest CORESET ID or Option 2 based on the lowest SS set ID
In the typical cases, the two PDCCH from two TRPs are transmitted in two different CORESETs which are one-to-one associated with two different SS sets. There is no essential difference with either option. However, in some cases, it seems that the same CORESET with two different SS sets can also be allowed, which corresponds to the single-TRP PDCCH repetition cases and can lead to PUCCH resource determination ambiguity. Though some argued that the single-TRP cases are not within the scope here, it seems Option 2 can always be applied regardless of single-TRP or M-TRP. Therefore, we suggest to adopt Option 2. 
· FFS of inter-slot PDCCH repetition reference slot
In inter-slot PDCCH repetition, two CORESETs and two corresponding SS sets are linked across two different slots, and the UE may use either/both PDCCH candidates to decode. There has to be sufficient time offset after the later PDCCH candidate so that there is enough time for the UE to utilize the later PDCCH. That is, the standards should work in the worst case when the earlier PDCCH candidate alone is not decodable. Therefore, we suggest to confirm this FFS point.
· Issue 1: starting PDSCH symbol and reference symbol
In Rel-15 and Rel-16, the first symbol of a monitoring occasion is used as the reference for determining the starting PDSCH symbol. For example, in TS 38214: 
-	The reference point S0 for starting symbol S is defined as: 
-	if configured with referenceOfSLIVForDCI-Format1-2-r16, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected; 
-	otherwise, the starting symbol S is relative to the start of the slot using S0=0.
The reference symbol is not necessarily the symbol where a PDCCH starts but the symbol where the monitoring occasion starts. It is expected that UEs have adopted this behavior. It is then preferred that in Rel-17 the same behavior is reused, i.e., the UE assumes the PUSCH starting symbol to be relative to the beginning of the monitoring occasion if a PDCCH may be detected within that monitoring occasion. This also helps reduce the reception latency. Thus, the starting symbol of the earlier monitor occasion can be used as the reference. 
· Issue 2: PDSCH beam when TCI field is not present
A number of options are possible, e.g., a default PDSCH beam may be used, the latest PDSCH beam may be used, a common beam may be used, etc. However, the best way is to carry the TCI field in the PDCCH. We suggest to consider the TCI field as mandatory unless there is no ambiguity from the UE side and gNB side, such as there is a unique TCI state active at a moment.
· Issue 3: reference PDCCH for PDSCH with PDCCH repetition
When PDCCH repetitions are associated with different CORESETPoolIndex values, a reference PDCCH for PDSCH should be used, for purposes such as PDSCH scrambling. The reference can be the one with CORESETPoolIndex 0.
· Issue 4: single-TRP PDCCH repetition
It is generally true that if M-TRP repetition schemes can cover and be used for S-TRP repetition schemes, as long as it does not cause any resource conflict for the gNB or the UE. We do not anticipate any problems so far. The potential issue of the same CORESET used for different SS sets in S-TRP can be resolved by utilizing the SS sets to determine the PUCCH resource. We suggest to keep S-TRP PDCCH repetition as a possibility when designing M-TRP PDCCH repetition schemes.
· FFS of using MAC-CE for SS set linking
As agreed, SS set linking by RRC configuration is supported. Though in general, MAC-CE based approach can help reduce the latency during an adaptation of SS set linking, such an adaptation is not considered as often needed. In addition, SS set linking adaptation with MAC-CE implies that multiple SS set linkages have to be pre-configured by the gNB, since each linkage requires a number of parameters to be configured, MAC-CE based approach actually requires multiple groups of SS sets and linkages to be maintained by the UE. So this seems complicated and unnecessary. Thus, we do not support using MAC-CE for SS set linking.
Proposal 5: Support Option 2 based on the lowest SS set ID for PUCCH resource determination.
Proposal 6: Confirm the FFS that in inter-slot repetition, the slot of the reference PDCCH candidate is used as the reference slot.
Proposal 7: For Issue 1, use the starting symbol of the earlier monitoring occasion as the reference symbol.
Proposal 8: For Issue 2, a TCI field needs to be present unless there is no beam ambiguity at the UE/gNB sides.
Proposal 9: For Issue 3, use PDCCH from CORESETPoolIndex 0 as the reference PDCCH for PDSCH.
Proposal 10: For Issue 4, allow single-TRP PDCCH repetition to be supported as well.
Proposal 11: Do not support MAC-CE based SS sets linking.

PUCCH enhancement
In 3GPP RAN1 Meeting #104-e, the following agreements concerning PUCCH enhancements were achieved:
Agreement
For M-TRP PUCCH scheme 1,  
· Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)
Agreement
For M-TRP PUCCH scheme 1, 
· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  
· FFS: maximum repetition number can be extended to 16.
· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  
· FFS: other values.
· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 
Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 
· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 
· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.
· FFS: whether PUCCH resource group can be linked to power control parameter sets.
Working Assumption
For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.
Conclusion
For Multi-TRP PUCCH Scheme 1/3 at least containing HARQ ACK, supporting dynamic switching between multi-TRP PUCCH scheme and single-TRP PUCCH transmission is not restricted, and can be done by associating, 
· a PUCCH resource activated with one or two spatial-relation-info and PRI bit-field indicating a PUCCH resource,
· or a PUCCH resource with one or two power control parameter sets and PRI bit-field indicating a PUCCH resource
FFS: Support of dynamic switching for Scheme 2 (if the schemes supported)
Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.
Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource
Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.
· This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 
Analysis and proposals are provided below. 
Regarding the repetition schemes:
· For the FFS of the maximum repetition number for PUCCH formats 1/3/4 and total repetition number for PUCCH formats 0/2, we note that in existing standards, the following is supported for S-TRP: For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, [image: ], for repetitions of a PUCCH transmission by respective nrofSlots, and the number of repetitions given by nrofSlots is 2, 4, or 8. This framework of S-TRP PUCCH inter-slot repetition seems to be general enough in principle and can be readily extended to Rel-17. Several extensions may be considered:
· For Scheme 1 multi-TRP inter-slot repetition, the number of repetitions can reuse existing nrofSlots of 2, 4, or 8 slots, with nrofSlots is for both of the M-TRPs jointly. So for each TRP, the numbers of repetitions include 1 (i.e., no repetition baseline), 2, and 4. The maximum number of repetitions for each TRP per Rel-17 UE is only half of that per Rel-16 UE, the only difference is that in Rel-17 the UE splits the transmissions to multiple TRPs, with M-TRP diversity gain. However, generally for two-TRP cases, the UE capability is doubled, that is, the UE may be capable of transmitting to each TRP with up to 8 repetition. This requires a lot UE power if 16 transmissions are really needed, but it can provide the network with more choices in extreme cases, and we think the maximum repetition number can be extended to 16. 
· Existing standardized repetition is only for PUCCH format 1, 3, or 4 but not for PUCCH format 0 or 2. For PUCCH formats 0/2 with the total number of repetitions being 2 in M-TRP, the total repetitions already double that for Rel-16. It seems no additional value is needed.
· This can also be extended to support PUCCH intra-slot repetition (the Working Assumption) and even intra-slot beam hopping. Intra-slot repetition allows the UCI to be received with minimum latency and can be useful for URLLC. Thus, Scheme 3 multi-TRP intra-slot repetition should be supported. The intra-slot beam hopping may be seen as a further enhancement on top of intra-slot repetition and can also be considered. However, since neither S-TRP intra-slot repetition or intra-slot beam hopping is supported in Rel-16 (i.e., only S-TRP inter-slot beam hopping is supported in existing standards), in Rel-17, we may consider to first complete the support for Scheme 3 multi-TRP intra-slot repetition first and then add the support for Scheme 2 M-TRP intra-slot beam hopping.

Proposal 12: For M-TRP PUCCH Scheme 1 (inter-slot repetition), extend the maximum repetition number to 16 for PUCCH formats 1/3/4, and do not include values for PUCCH formats 0/2 other than 2.
Proposal 13: For M-TRP PUCCH transmission schemes, confirm the Working Assumption to support Scheme 3 intra-slot repetition.
For the power control:
· To enable TDMed PUCCH transmission with different beams towards different TRPs, multiple PUCCH spatial relation info needs to be configured/activated. There could be several ways to accomplish this. One is to specify multiple spatial relation info for the same PUCCH resource which has been agreed, and when the PUCCH resource is targeted to TRP1 then the spatial relation info 1 is to be used, and when the PUCCH resource is targeted to TRP2 then the spatial relation info 2 is to be used. However, it is questionable why the same PUCCH resource has to be used. The transmissions to the different TRPs differ in many respects, including spatial relation info, pathloss RS, power control parameters, TA, etc., and one could be configured with hopping whereas the other without hopping, or one could be of long format and the other be of short format, and so on. Therefore, a more natural way is to configure/activate separate PUCCH resources, each of which has its own parameters including the spatial relation info. If the PUCCH resources are mostly configured/activated/transmitted together (in a TDM fashion), they could be specified together as a PUCCH resource pair with an explicit/implicit association between them, so that the pair is activated/transmitted together, e.g., when one is activated, the other is also activated automatically, which may help reduce some signalling overhead in some cases.
We understand that in some proposals, they prefer one PUCCH resource to facilitate potential network-side soft combining over multiple PUCCH resources. However, it seems possible to configure 2 PUCCH resources with the same number of REs, so that they encode the same UCI into same coded bits. So soft combining based on the 2 PUCCH resources is also possible. Essentially to enable soft combining, we need the 2 PUCCH transmissions to have the same coding-related parameters but other parameters can be same or different, and configuring 2 PUCCH resources for the 2 transmissions provides more flexibility than configuring only 1 PUCCH resource.
· For both the agreed scheme of one PUCCH resource for M-TRP and the proposed scheme of two PUCCH resources for M-TRP, multiple separate sets of PUCCH power control parameters should be configured. In the one PUCCH resource case, both sets are configured for the PUCCH resource. In the two PUCCH resource case, each set is associated with a PUCCH resource if the resource is specified to be used for a particular TRP. The association to a TRP is generally not explicit in the standards, and can be done via the pathloss RS which is associated with or QCLed to a CSI-RS/SSB of a TRP, and/or via PUCCH spatial relation info which is associated with or QCLed to a CSI-RS/SSB/SRS. 
Each set of PUCCH power control parameters may be assigned with an ID (which is not available as of the latest standards), and the ID is associated with a PUCCH resource. The power control parameters associated with one ID can include TRP-specific open-loop parameters such as P0, closed-loop parameters such as two closed-loop supported or not, TPC command configuration, spatial relation info and/or pathloss RS, etc. However, the details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters should be left for RAN2.
A PUCCH resource group is a group of PUCCH resources that can be updated simultaneously for spatial relations with a MAC CE. In principle, a PUCCH resource group can be associated with a TRP, a beam of a TRP, a set of carriers with the same beam, and so on. Thus, the linking of PUCCH resources to power control parameter sets can be done naturally and efficiently on the PUCCH resource group level. The details are still within the expertise of RAN2 and should be left for RAN2.
· This implies that the UE’s capability and maximum numbers of certain parameters may be increased. For example, with one TRP, the UE may support one power control parameter set, but with two TRPs, the UE may need to support two power control parameter sets and switch between them. 
· The TPC field in existing DCI formats 1_1 / 1_2 should also be doubled, which is a flexible and clean solution than the alternatives. For example, Option 1 of one TPC field with one TPC value applied to both PUCCH beams lacks the flexibility needed when the channels to the two TRPs are not highly correlated. Option 4 provides a joint design of the TPC field to include two decoupled TPC values, but due to the decoupling, no signaling overhead reduction can be achieved with this design. Thus, we support Option 3: A second TPC field is added in DCI formats 1_1 / 1_2. 
Proposal 14: To enable TDMed PUCCH transmissions with different multiple spatial relation info, also support multiple separate PUCCH resources, each associated with one spatial relation info.
Proposal 15: For M-TRP PUCCH power control, configure multiple separate sets of PUCCH power control parameters, each set associated with one TRP in RRC configuration and including TRP-specific open-loop parameters, closed-loop parameters, and spatial relation info and/or pathloss RS, and
· The details on how a PUCCH resource / resource group can be linked to one or both of the two sets of power control parameters should be left for RAN2;
· Support 2 TPC fields in DCI formats 1_1, 1_2, each TPC field is configured for one TRP.

PUSCH enhancement
In 3GPP RAN1 Meeting #104-e, the following agreements concerning PUSCH enhancements were achieved:
Agreement
For single DCI based M-TRP PUSCH repetition Type B, support the following RV mapping,
· DCI indicates the first RV for the first PUSCH actual repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH actual repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the first actual repetition towards second TRP (The same method as PDSCH scheme 4). 
Agreement
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
· The feature is UE optional
Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· FFS1: Details on linking SRI fields to two power control parameters, 
· [bookmark: _Hlk67924504]Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
· [bookmark: _Hlk67924633]FFS2: Enhancements on open-loop power control parameter set indication
· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting
· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.
Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs
Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.
Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.
Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource
Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.
· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212
· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field
Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any
Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot.
· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
PUSCH power control
For the power control of PUSCH:
· General considerations
[bookmark: _Hlk61278557]Similar to the PUCCH transmission discussion above, two separate sets of PUSCH configurations and transmission parameters should be the most versatile way. This includes two separate sets of power control parameters, each set associated with one TRP and including TRP-specific open-loop parameters, closed-loop parameters, and pathloss RS; two separate sets of SRI/TPMI parameters, such as two separate SRI fields and two separate TPMI fields, each of the field corresponds to the one TRP and existing field design should be reused as much as possible; two separate SRS resource sets; two sets of TA parameters and loops; two sets of PDCCH configurations to schedule the two sets of PUSCH transmissions; and so on. 
· Details on two power control parameter sets using SRI-PUSCH-PowerControl
For TRP 1, it supports SRS resource set 1, which includes several SRS resources. For PUSCH 1 sent to TRP 1, one set of power control parameters, such as PL RS, P0, alpha, and closed-loop, are configured for the PUSCH as SRI-PUSCH-PowerControl. When PUSCH 1 is scheduled, the associated SRI-PUSCH-PowerControl parameters are used for PUSCH 1 power control, and one SRS resource may be indicated by the DCI for PUSCH 1 beamforming. 
For TRP 2, it supports SRS resource set 2, which includes several SRS resources. For PUSCH 2 sent to TRP 2, one set of power control parameters, such as PL RS, P0, alpha, and closed-loop, are configured for the PUSCH as SRI-PUSCH-PowerControl. When PUSCH 2 is scheduled, the associated SRI-PUSCH-PowerControl parameters are used for PUSCH 2 power control, and one SRS resource may be indicated by the DCI for PUSCH 2 beamforming. 
Clearly, different SRS resource sets and different SRI-PUSCH-PowerControl configurations should be used for PUSCH sent to different TRPs. PUSCH 1 cannot use any SRS resource or SRI-PUSCH-PowerControl for PUSCH 2 and vice versa. Hence, it makes more sense to maintain 2 separate lists of SRS resources and 2 separate lists of SRI-PUSCH-PowerControl, one for each TRP. Based on this analysis: 
· FFS1: Alt. 1 is preferred: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList. The DCI bits for SRI should only refer to the SRS resource and SRI-PUSCH-PowerControl for the particular TRP.
· FFS2: For open-loop power control parameter set indication, similar enhancements may be adopted, that is, 2 separate lists of open-loop power control parameter sets should be maintained, one for each TRP, and the DCI bits for open-loop power control parameter set indication should only refer to those associated with the particular TRP.
· FFS3: for srs-PowerControlAdjustmentStates, a SRS power control may follow the PUSCH power control or use a separate power control. For the SRS resource linked to the PUSCH via SRI, their power control adjustment states should be identical. Thus, the SRS resource linked to the PUSCH via SRI should have srs-PowerControlAdjustmentStates configured as “sameAsFci2” but not “separateClosedLoop”.
· FFS4: For PHR reporting, as M-TRP PUSCH repetition is TDMed, there seems to be no impact of M-TRP PUSCH repetition on PHR reporting.
· FFS5: In legacy PUSCH power control, when SRI indication is absent, SRI-PUSCH-PowerControl will not be used but power control parameters such as PUSCH-PathlossReferenceRS-Id value being equal to zero or p0-AlphaSets could be used. This can be reused for Rel-17 PUSCH power control when SRI indication is absent. The power control configuration can use different sets of parameters associated with different TRPs for PUSCH 1 and PUSCH 2.

· TPC fields
Similar to the discussion in PUCCH, we support separate sets of power control configurations and operations toward the two TRPs. Thus, we support Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· TPMI fields
[bookmark: _Hlk68105648]Since the second TPMI field does not need to indicate the layer number (always the same as the layer number of the first TPMI field), its design may be simplified based on the current TPMI field design with fewer bits to reduce DCI overhead. For each of the Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212, the entries in the table may be used to indicate 1 layer, 2 layers, 3 layers, or 4 layers. For different layers, the numbers of TPMI entries in the table are different. For example, in Table 7.3.1.1.2-4, there are 6 TPMI entries for 1 layer, 3 TPMI entries for 2 layers, as well as a few reserved entries. When the layer indication is not needed, the bitwidth and bit field can be obtained according to the maximum number of entries for a layer number, usually for 1 layer. In the example, the bitwidth will be set according to 6 TPMI entries for 1 layer, i.e., 3 bits. When 1 layer is indicated in the first TPMI field, bit field mapped to index 0~5 corresponds to 1 layer TPMI 0~5 and 6~7 as reserved, 0~2 corresponds to 2 layer TPMI 0~2 and 3~7 as reserved. There is no need to redesign the tables but just use a simple procedure to map the table entries for the second TPMI field. Note that some tables contain only a same layer, such as Table 7.3.1.1.2-3, and hence no DCI overhead reduction can be achieved for them. Some other tables also cannot achieve DCI overhead reduction, such as Table 7.3.1.1.2-4A, which has 3 entries for 1 layer and 1 entry for 3 layers.
[bookmark: _Hlk68105665]Table 7.3.1.1.2-4 from TS 38.212: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, and ul-FullPowerTransmission-r16 is not configured or configured to fullpowerMode2 or configured to fullpower
	[bookmark: _Hlk68105673]Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	



Regarding the following FFS
FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
When dynamic switching between M-TRP and S-TRP PUSCH repetitions is supported, the configuration of TPMI fields has to be based on the M-TRP case, and the second TPMI field is not used for the S-TRP case, which may be left as blank, all filled with 1’s, reserved, or used for other purposes.

· SRI fields
[bookmark: _Hlk68105692]The second SRI field also has the same layer number as the first SRI field. This can also reduce the DCI overhead for the second SRI field. For example, for Table 7.3.1.1.2-29, with N_SRS=2, 4 SRI entries exist: {0}, {1}, {0,1}, and reserved, which requires 2 bits. Then for a second SRI field, for 1 layer, it needs only 1 bit to indicate {0}, {1}, and for 2 layers, no indication is necessary, i.e., the bit can be reserved. Thus 1 bit SRI indication is sufficient for this case. With N_SRS=4, the bitwidth can be determined based on the 2-layer entries, which has 6 entries and hence 3 bits is sufficient. Similar designs can be provided for other tables, i.e., the bitwidth can be obtained according to the maximum number of entries for a layer number, and a simple procedure can map the table entries for each layer number to the bit field indexes for the second SRI field.
Proposal 16: For M-TRP codebook based PUSCH transmission, support two separate SRI fields and two separate TPMI fields, each of the field corresponds to the one TRP and existing field design should be reused.
Proposal 17: For M-TRP PUSCH power control, configure multiple separate sets of PUSCH power control parameters, each set associated with one TRP in RRC configuration and including TRP-specific open-loop parameters, closed-loop parameters, and spatial relation info and/or pathloss RS, and
· Support Alt. 1 for FFS1;
· Support two separate lists of open-loop power control parameter sets and separate DCI indications for FFS2;
· Support SRS power control to be the same as the PUSCH linked by SRI for FFS3;
· No impact of M-TRP PUSCH repetition on PHR reporting for FFS4;
· Configure power control parameters similar to R15/16 for PUSCH when SRI indication is absent for FFS5; 
· Support 2 TPC fields in DCI formats 0_1 / 0_2 (Option 3).
Proposal 18: For M-TRP PUSCH transmission with a second TPMI field or SRI field, the bitwidth of the field is determined according to the maximum entry number across all layers in the corresponding table.

PUSCH timing advance
An issue worth mentioning is the UL TA issue. For UL TA, detailed analysis can be found in Appendix 1. Note that a TA offset is relative to a certain DL timing, such as DL OFDM symbol starting time (based on the strongest path, or first path, or up to UE implementation) or the like, and the DL timing is referred to as the UL TA reference timing. The key observation from the detailed analysis is that, for Options 1~3 with only one UL TA offset and/or only one UL TA reference timing, there always exist some cases that a TRP will experience UL receive timing offset much longer (such as twice as long) than the TRP timing synchronization difference or propagation delay difference. Thus, the UL timing issue is a much more severe issue than DL timing issue. In other words, even if in DL, the M-TRP signals can be fit into one CP length, this will not be the case for UL in general. For example, if the DL timings at the UE side have a difference of 2 us, which may be within the CP length for 15 kHz SCS, the UL timing error seen at the TRP side may become 4 us, which is comparable to the CP length and can degrade the performance. UL TA needs to adopt Option 4, in which multiple TA offsets (i.e., TRP-specific TA offsets) are needed and multiple UL TA reference timings (i.e., TRP-specific reference timings to be used for the respective UL transmissions) are needed. 
Therefore, with RAN1 conclusion in FeMIMO Inter-cell M-TRP as:
Conclusion
The UE may assume received DL transmission from multiple TRP within a CP in FR1 and FR2.
· Note: This does not imply that RAN1 intends to ask RAN4 to tighten network synchronization requirements.
The UL TA differences among different UEs could be as long as 2 CP lengths in Rel-17 FeMIMO M-TRP. This can lead to considerable performance degradation for PUSCH transmission, as evaluated below.
A set of PUSCH evaluations have been performed, all with carrier frequency 4 GHz, SCS 30 kHz, UE speed 3 km/h, and 4T4R for UL. In addition, codebook and non-codebook based PUSCH, with 1 layer and 2 layers, and on TDL-A 30 ns and TDL-C 300 ns channels have been simulated. The UE is served by 2 TRPs, i.e., TRP 0 and TRP 1, but its UL TA is adjusted only according to TRP 0, so its UL TA to TRP 2 has an offset/error compared with other UL TA for UEs adjusted according to TRP 1. We sweep the TA error from –100% CP to + 150% CP.

[image: ]
Figure 10 M-TRP PUSCH performance with TA error, TDL-A 30 ns, codebook, 1 layer
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Figure 11 M-TRP PUSCH performance with TA error, TDL-A 30 ns, codebook, 2 layers
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Figure 12 M-TRP PUSCH performance with TA error, TDL-A 30 ns, non-codebook, 2 layers
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Figure 13 M-TRP PUSCH performance with TA error, TDL-C 300 ns, codebook, 1 layer
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Figure 14 M-TRP PUSCH performance with TA error, TDL-C 300 ns, non-codebook, 2 layers

We have the following observations:
· For TDL-A 30 ns
· +30% CP leads to no degradation
· All other cases (-100% CP ~ -30% CP, > +70% CP) lead to degradation
· -30% CP and +70% CP have about 1~2 dB degradation
· -70% CP and more, and +100% CP have significant degradation
· For TDL-C 300 ns
· +/-30% CP leads to no degradation
· All other cases (more than +/-70% CP) lead to degradation
· +70% CP have about 1~3 dB degradation
· -70% CP and more, and +100% CP have significant degradation
[bookmark: _Hlk68518001]Thus, even if the TA error is within a CP length, PUSCH degradation is possible and can be detrimental. What can be generally tolerable is [0,+50%] of CP length in UL TA error. However, with DL timing being with [-100%,+100%] of CP length, significant UL performance degradation can occur. Clearly, separate TA adjustments according to the multiple TRPs are necessary.
Proposal 19: For M-TRP UL TA, confirm that when DL timing difference is t, the UL timing difference can be up to 2t.
Proposal 20: For M-TRP UL TA, conclude that UL timing error can cause significant UL performance degradation.
Proposal 21: For M-TRP PUSCH enhancement, support two separate sets of TRP-specific TA offsets, each associated with a set of PUSCH configurations and all other UL transmissions QCLed/associated with it, and the TA offset is relative to the associated TRP-specific DL reference timing (e.g., the associated DL symbol starting time).

PRACH enhancement necessary to support M-TRP PUSCH/PUCCH
PRACH and TA enhancement is needed for robust/reliable/efficient transmissions of PUSCH/PUCCH. As argued above, 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
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. 
Proposal 22: 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 the BD count, take into consideration the one-outage scenario in which only one transmission has gone through, and exactly which one cannot be known a priori.
Proposal 2: For the BD count, clarify the implementation assumption that a pre-determined BD order has to be adopted by the UE.
Proposal 3: For the BD count, clarify whether UE reporting soft-combining capability is considered as disclosing receiver implementation or not.
Proposal 4: For the BD count for Option 2 + Case 1 with up to two PDCCH candidates, support Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption.
Proposal 5: Support Option 2 based on the lowest SS set ID for PUCCH resource determination.
Proposal 6: Confirm the FFS that in inter-slot repetition, the slot of the reference PDCCH candidate is used as the reference slot.
Proposal 7: For Issue 1, use the starting symbol of the earlier monitoring occasion as the reference symbol.
Proposal 8: For Issue 2, a TCI field needs to be present unless there is no beam ambiguity at the UE/gNB sides.
Proposal 9: For Issue 3, use PDCCH from CORESETPoolIndex 0 as the reference PDCCH for PDSCH.
Proposal 10: For Issue 4, allow single-TRP PDCCH repetition to be supported as well.
Proposal 11: Do not support MAC-CE based SS sets linking.

Proposal 12: For M-TRP PUCCH Scheme 1 (inter-slot repetition), extend the maximum repetition number to 16 for PUCCH formats 1/3/4, and do not include values for PUCCH formats 0/2 other than 2.
Proposal 13: For M-TRP PUCCH transmission schemes, confirm the Working Assumption to support Scheme 3 intra-slot repetition.
Proposal 14: To enable TDMed PUCCH transmissions with different multiple spatial relation info, also support multiple separate PUCCH resources, each associated with one spatial relation info.
Proposal 15: For M-TRP PUCCH power control, configure multiple separate sets of PUCCH power control parameters, each set associated with one TRP in RRC configuration and including TRP-specific open-loop parameters, closed-loop parameters, and spatial relation info and/or pathloss RS, and
· The details on how a PUCCH resource / resource group can be linked to one or both of the two sets of power control parameters should be left for RAN2;
· Support 2 TPC fields in DCI formats 1_1, 1_2, each TPC field is configured for one TRP.
Proposal 16: For M-TRP codebook based PUSCH transmission, support two separate SRI fields and two separate TPMI fields, each of the field corresponds to the one TRP and existing field design should be reused.
Proposal 17: For M-TRP PUSCH power control, configure multiple separate sets of PUSCH power control parameters, each set associated with one TRP in RRC configuration and including TRP-specific open-loop parameters, closed-loop parameters, and spatial relation info and/or pathloss RS, and
· Support Alt. 1 for FFS1;
· Support two separate lists of open-loop power control parameter sets and separate DCI indication for FFS2;
· Support SRS power control to be the same as the PUSCH linked by SRI for FFS3;
· No impact of M-TRP PUSCH repetition on PHR reporting for FFS4;
· Configure power control parameters similar to R15/16 for PUSCH when SRI indication is absent for FFS5; 
· Support 2 TPC fields in DCI formats 0_1 / 0_2 (Option 3).
Proposal 18: For M-TRP PUSCH transmission with a second TPMI field or SRI field, the bitwidth of the field is determined according to the maximum entry number across all layers in the corresponding table.
Proposal 19: For M-TRP UL TA, confirm that when DL timing difference is t, the UL timing difference can be up to 2t.
Proposal 20: For M-TRP UL TA, conclude that UL timing error can cause significant UL performance degradation.
Proposal 21: For M-TRP PUSCH enhancement, support two separate sets of TRP-specific TA offsets, each associated with a set of PUSCH configurations and all other UL transmissions QCLed/associated with it, and the TA offset is relative to the associated TRP-specific DL reference timing (e.g., the associated DL symbol starting time).
Proposal 22: 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.

Appendix 1: TA analysis

Under M-TRP, say TRP1 and TRP2, the UE may have several options to determine its UL timing. First, the UE may use only one TA offset, i.e., the TA offset is based on TRP1 and will be applied to transmissions to both TRP1 and TRP2. An alternative to this is that the UE may adopt TRP-specific TA offsets. Second, the UE may need to determine a UL TA reference timing, i.e., a TA offset will be applied on top of a reference time such as the DL received time / DL symbol starting time or the like. The UL TA reference timing may be based on one of the TRPs or be TRP-specific. The four combinations are listed below and illustrated in Figure 1. 
· Option 1: Only 1 TA offset (based on TRP1), and only 1 UL TA reference timing (based on TRP1). See Figure 1 (a).
· Option 2: Only 1 TA offset (based on TRP1), and multiple UL TA reference timings (based on each TRP). See Figure 1 (b).
· Option 3: multiple TA offsets (based on each TRP), and 1 UL TA reference timing (based on TRP1). See Figure 1 (c).
· Option 4: multiple TA offsets (based on each TRP), and multiple UL TA reference timings (based on each TRP). See Figure 1 (d).
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(a) TA offset and TA reference timing Option 1
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(b) TA offset and TA reference timing Option 2
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(c) TA offset and TA reference timing Option 3
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(d) TA offset and TA reference timing Option 4
Figure 15 Illustrations of different TA offset options under different TRP synchronization settings. T, T+2us, or T-2us is the TRP transmit timing, and t or t+2us is the propagation delay.

Under these options, and under different TRP synchronization settings, the TRP receive timing offset can be computed. Table 1 shows a few typical cases with some example values. Relative to TRP1’s transmit timing and TRP1’s propagation delay, there could be a few cases for TRP2’s transmit timing and propagation delay, which are listed in the columns of TRP2-A, TRP2-B, and TRP2-C. The key observation is that, for Options 1~3, there always exist some cases that a TRP will experience UL receive timing offset much longer (such as twice as long) than TRP timing synchronization difference or propagation delay difference. In other words, even if in DL, the M-TRP signals can be fit into one CP length, this will not be the case for UL in general. Therefore, UL TA needs to adopt Option 4.

Table 1 UL TA analysis for different TRP synchronization settings and different TA offset options
	
	TRP1
	TRP2-A
	TRP2-B
	TRP2-C

	TRP Tx timing (us)
	T
	T
	T+p
	T+p

	Propagation delay (us)
	t
	t+d
	t
	t+d

	UE Rx timing
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	Option 1: Only 1 TA offset (based on TRP1), and only 1 UL TA reference timing (based on TRP1)

	TA offset (based on TRP1)
	s
	s
	s
	s

	UL TA reference timing (based on TRP1)
	T+t
	T+t
	T+t
	T+t

	UE Tx timing
	T+t-s
	T+t-s
	T+t-s
	T+t-s

	TRP Rx timing
	T+2t-s
	T+2t-s
	T+2t-s
	T+2t-s

	TRP Rx timing offset
	2t-s
	2t-s+d
	2t-s-p
	2t -s+d-p

	TRP Rx timing offset eg1: s=2t, d=2us, p=2us
	0
	2
	-2
	0

	TRP Rx timing offset eg2: s=2t, d=2us, p=-2us
	0
	2
	2
	4

	Option 2: Only 1 TA offset (based on TRP1), and multiple UL TA reference timings (based on each TRP)

	TA offset (based on TRP1)
	s
	s
	s
	s

	UL TA reference timing (based on each TRP)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	UE Tx timing
	T+t-s
	T+t+d-s
	T+t+p-s
	T+t+d+p-s

	TRP Rx timing
	T+2t-s
	T+2t+2d-s
	T+2t+p-s
	T+2t+2d+p-s

	TRP Rx timing offset
	2t-s
	2t-s+2d
	2t-s
	2t -s+2d

	TRP Rx timing offset eg1: s=2t, d=2us, p=2us
	0
	4
	0
	4

	TRP Rx timing offset eg2: s=2t, d=2us, p=-2us
	0
	4
	0
	4

	Option 3: multiple TA offsets (based on each TRP), and 1 UL TA reference timing (based on TRP1)

	TA offset (based on each TRP)
	2t
	2t+2d
	2t
	2t+2d

	UL TA reference timing (based on each TRP)
	T+t
	T+t
	T+t
	T+t

	UE Tx timing
	T-t
	T-t-2d
	T-t
	T-t-2d

	TRP Rx timing
	T
	T-d
	T
	T-d

	TRP Rx timing offset
	0
	-d
	-p
	-d-p

	TRP Rx timing offset eg1: d=2us, p=2us
	0
	-2
	-2
	-4

	TRP Rx timing offset eg2: d=2us, p=-2us
	0
	-2
	2
	0

	Option 4: multiple TA offsets (based on each TRP), and multiple UL TA reference timings (based on each TRP)

	TA offset (based on each TRP)
	2t
	2t+2d
	2t
	2t+2d

	UL TA reference timing (based on each TRP)
	T+t
	T+t+d
	T+t+p
	T+t+d+p

	UE Tx timing
	T-t
	T-t-d
	T-t+p
	T-t-d+p

	TRP Rx timing
	T
	T
	T+p
	T+p

	TRP Rx timing offset
	0
	0
	0
	0
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