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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:
· 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 meetings, 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
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
In 3GPP RAN1 Meeting #104b-e, the following agreements concerning PDCCH enhancements were achieved:
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, and option 2 is supported
· Option 2: The one with the lowest SS set ID is applied.
· FFS: Support of Option 2 does not mean PDCCH repetition based on two linked search space set within one CORESET is supported
Agreement
For PDSCH rate matching around the scheduling DCI in the case of PDCCH repetition, the previous agreement for FR1 also applies to FR2.
Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability
Agreement
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case
Agreement
If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition, 
· Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 
· FFS: Whether additional options are needed (e.g. to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI) 
Agreement
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.
Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap
Agreement
[bookmark: _Hlk78535621]For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped), select one option from Options 1 and 2 in RAN1#105-e:
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· FFS: Which of the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· Case 5: Overbooking results in one of the linked candidates not being monitored
· Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
FFS: Whether there is an impact to BD count
[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 potential 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. Which one succeeds is unknown to the UE beforehand
· Scenario 1C: One-dropped scenario: Only one of the transmissions is to be monitored by the UE, and the other is dropped / not monitored. The dropped one is known to the UE beforehand
· Scenario 2: Dynamical network selection scheme: only one of the TRPs transmits AL4, and UE decodes with the AL4. Which TRP is transmitting is unknown to the UE beforehand
· Scenario 3: Dynamical S-TRP/M-TRP switching scheme: one or both of the TRPs transmit AL4. Which TRP(s) is (are) transmitting is unknown to the UE beforehand (one-outage may also occur for each of the scenarios below but is not listed for brevity)
· Scenario 3A: Dynamic switching between S-TRP 1 (AL4 + null) and M-TRP (AL4 + AL4)
· Special case: The S-TRP 1 AL4 may overlap with the first AL4 by M-TRP
· Scenario 3B: Dynamic switching between S-TRP 2 (null + AL4) and M-TRP (AL4 + AL4)
· Special case: The S-TRP 2 AL4 may overlap with the second AL4 by M-TRP
· Scenario 3C: Dynamic switching among S-TRP 1 (AL4 + null), S-TRP 2 (null + AL4), and M-TRP (AL4 + AL4)
· Special cases: The S-TRP 1 AL4 may overlap with the first AL4 by M-TRP, and the S-TRP 2 AL4 may overlap with the second AL4 by M-TRP
· Scenario 4: Simultaneous S-TRP/M-TRP transmission scheme: one TRP transmits AL4 and both TRPs transmit (AL4 + AL4) in the same slot
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, and several different outcomes may occur. 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.
Note that a S-TRP candidate is also called as an individual (unlinked) candidate, and M-TRP candidates are also called as linked candidates. 

[bookmark: _Hlk68103377]We’d like to emphasize the importance of one-outage scenarios (e.g., 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. In other words, both of the linked candidates are transmitted but one of them may not be usable by the UE at all. The one-outage scenario is also quite different from dynamic network selection, UE selection, one-dropped scenario. For the one-outage scenario, neither gNB or UE knows the missing candidate ahead of time, but in the other cases, though only one candidate reaches the UE, either gNB or UE or both know the missing candidate ahead of time. In this sense, the one-outage may be seen as the worst case for BD. For example, the one-outage 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 for a M-TRP transmission, and exactly which one cannot be known a priori to the gNB or UE.

For Scenario 4, at least some restrictions are desirable. UE may not assume / does not expect some or all types of simultaneous transmissions of S-TRP PDCCH and M-TRP PDCCH. For example, simultaneous transmissions of S-TRP PDCCH and M-TRP PDCCH for the same PDSCH should not be expected. For another example, simultaneous transmissions of S-TRP PDCCH and M-TRP PDCCH with the same RNTI and scrambling should not be expected, but simultaneous transmissions of S-TRP PDCCH and M-TRP PDCCH with different RNTIs/scramblings (e.g., one for CSS and the other for USS) may be expected but with high complexity at gNB and UE. To avoid overly complicated design, we suggest not to support Scenario 4, i.e., UE does not assume / expect simultaneous transmissions of S-TRP PDCCH and M-TRP PDCCH on overlapped time-domain resources, but we are open to clarify this with other companies. If this is to be supported, it has impact on the BD counts and the overlapped CCE ambiguity issues.
[bookmark: _Hlk78468327]Proposal 2: Clarify if simultaneous S-TRP/M-TRP transmissions on overlapped time-domain resources are supported or not.

The one-dropped scenario
As discussed in the last meeting, for PDCCH repetition with two linked candidates, due to Rel-15/16 procedures, one of the linked candidates may not be monitored (is dropped). For this scenario, the UE behavior needs to be standardized.
First, we point out that the one-dropped scenario should not be limited to dropping due to Rel-15/16 procedures only. The current Rel-17 may also define new procedures to drop one of the linked candidates; for example, depending on the ongoing discussion, the outcome of the overlapped S-TRP/M-TRP candidate ambiguity resolution may drop one of the linked candidates for monitoring. If so, this (or in general new Rel-17 rules) may be added in the applicable case list.
Regarding the 2 options:
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (w.r.t. reference PDCCH candidate)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
A pro for Option 1 (relative to Option 2) is that the surviving candidate can still be usable, which can provide a bit more flexibility to the gNB if the gNB still wishes/needs to utilize the candidate. 
However, the performance of using one candidate may be significantly worse than using both; see evaluation results below which show more than 2 dB performance degradation (or equivalently, significantly worse BLER) in some cases. With this consideration, the gNB may simply choose to find other CCEs so that both candidates can be monitored. 
In addition, it should be extremely unlikely that every pair of linked candidates would suffer from one-dropping in the same slot which leads to no transmission of PDCCH in that slot, so it should be unnecessary for the gNB to have to utilize the non-dropped candidate.
Furthermore, Option 1 may have interactions with the overlapped S-TRP/M-TRP candidate issue and make the standards/UE behavior ambiguous, or overly complicated to say the least. For example, M-TRP candidate 1 may overlap with SSB and S-TRP candidate. If the gNB/UE first decide between the S-TRP candidate and the M-TRP candidates, gNB/UE may drop the M-TRP candidates (such as according to Option 2 of S-TRP/M-TRP collision case together with also dropping the other linked candidate); but if the gNB/UE first drop the S-TRP candidate and then decide the one-drop for the M-TRP candidates, they may keep M-TRP candidate 2. That is, with different operational ordering, the gNB/UE may end up with different outcomes. Of course more detailed rules may be specified in the standards to remedy the issues, but the standards can get too complicated to ensure consistency among several involved procedures. In this sense, simple operations are preferred.
Thus, Option 2 should be supported.
Proposal 3: For PDCCH repetition with two linked candidates, if one of the linked candidates is not monitored (is dropped):
· Support Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· The dropping of one of the linked candidates may be due to Rel-15/16 rules (e.g., Case 1 ~ Case 6) or new Rel-17 rules.

[bookmark: _Hlk78540839]Overlapped S-TRP/M-TRP candidates and ambiguity issue
As discussed in the last meeting, it is possible that one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET. Then for the detected DCI, how to perform the BD counting and interpretation of the DCI needs further study. For example, is the BD counted as for M-TRP transmission or S-TRP transmission? Is this DCI interpreted as for M-TRP transmission or S-TRP transmission? This may be needed for subsequent operations, such as receiving PDSCH, sending A/N feedback, etc. 
To see when the ambiguity may arise, we point out that it does not occur for Scenario 1 or Scenario 2. For Scenario 1, a candidate is always for M-TRP, and for Scenario 2, a candidate is always for S-TRP. Ambiguity may arise for Scenario 3 with dynamic switching between S-TRP and M-TRP and Scenario 4 of simultaneous S-TRP/M-TRP transmissions (if supported).   
Regarding the 3 options and the 2 examples in the agreement, we first note that all of them can work with some additional standard support.
· Option 1: The individual candidate is not counted for monitoring. 
If the linked candidates for M-TRP are for a URLLC transmission, it should have higher priority due to its high reliability requirement and/or urgency. In this sense, a USS carrying a DCI for URLLC transmission has a higher priority than CSS and other USS, which can be supported by this option. However, for eMBB transmission with M-TRP, the priority may not be higher than CSS, which is not aligned with Option 1. Therefore, Option 1 may not be desirable in this regard.
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
Comparing Option 2 and Option 3, Option 2 is a bit simpler but it takes into consideration only 2 of the 3 SS sets involved, and Option 3 takes into consideration all the 3 SS sets involved. Thus, Option 2 is less preferred than Option 3. 
In addition, the gNB can configure different SS set IDs for different priorities, for example, for URLLC traffic to be sent by M-TRP, one of the SS sets can be configured with a low SS set ID (e.g., lower than CSS set ID so that it may even have a higher priority than CSS), but for eMBB traffic to be sent by M-TRP, the SS set IDs can be high so that CSS will have a higher priority than M-TRP transmission.
For simplicity as mentioned before, simpler rules are preferred, and hence if one of the candidates is not to be monitored, the other is also not to be monitored.
· Example 1 (Option 4): Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
This option can resolve the ambiguity issue after the DCI is successfully detected. However, it may not be a complete solution as the candidate has to be counted twice (one for S-TRP and one for M-TRP), i.e., the UE in general has to attempt BD for S-TRP and BD for M-TRP. For Options 1-3, there is no need for the UE to attempt both BDs, which reduces UE complexity.
· Example 2 (Option 5): Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap
This option can resolve the ambiguity issue and does not require the UE to attempt both BDs. However, AL restrictions may cause scheduling restrictions.
Based on the above analysis, Option 3 is preferred. Option 3 may be further revised/simplified to:
UE is not expected to monitor a candidate not with the lowest SS set ID and not linked to a candidate with the lowest SS set ID.
Proposal 4: For overlapped S-TRP/M-TRP candidates and ambiguity issue, support revised Option 3: For the 3 candidates with 3 SS set IDs, UE is not expected to monitor a candidate not with the lowest SS set ID and not linked to a candidate with the lowest SS set ID.

Clarifications of UE implementation related assumptions
[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 except for Scenario 1C with pre-determined one-dropping. 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 5: 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 in RAN1#104b-e has a note as “Note: Specification should not be designed in such a way that the UE is required to disclose its 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 or when UE reports a BD count that implicitly suggests the UE supports soft combining. If this information is not available at the gNB, 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. It seems to us that UE reporting of soft-combining capability may be more or less seen as disclosing its receiver implementation and may cause concerns from UE vendors, but UE reporting of reports a BD count that implicitly suggests the UE supports soft combining may be more acceptable by UE vendors. For example, a UE reporting a BD count of 3 should imply that the UE supports soft combining, but a UE reporting a BD count of 2 may or may not imply that the UE supports soft combining (though in a good implementation, 2 BDs should mean that soft combining is not supported). The rest of the analysis is based on this understanding but we are open to other understanding. It would be useful if UE vendors can further clarify.
Proposal 6: 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.
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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
[image: ]
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.
Soft combining, if supported, can have >1 dB performance gain than decoding both candidates individually.
· 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 or degraded performance.
Regarding the UE reporting of BD counts and its interpretation, we have:
· Having the soft combining capability or not will not be reported by the UE.
· If UE reports 2 BDs, in general it cannot support soft combining, i.e., the 2 BDs are 2 separate BDs (i.e., the 2 BDs are not 1 soft combining plus 1 individual BD since this is not a reasonable implementation). 
· If UE reports 3, then it should support 1 soft combining and 2 individual BDs
· [bookmark: _Hlk79066895][bookmark: _Hlk79066878]The gNB can further tell the UE (via RRC, MAC, DCI) that gNB dynamic selection (or dynamic switching between an anchored S-TRP and M-TRP) is not to expected, or is rare, or the equivalent, or suboptimal BD performance is acceptable. Then UE can fall back to 2 BDs or 1 BD
· Otherwise the UE uses 3 (worst case, and full UE capability).
· The same value (2 or 3 BDs) is assumed by the UE and by the gNB.
· So reporting 3 BDs is equivalent to reporting soft combining capable, and reporting 2 BDs is equivalent to reporting soft combining incapable.

However, if the network transmission scheme (e.g., whether the dynamic network selection is enabled or not) or the BD budget for this network transmission scheme (e.g., 1, 2, or 3), can be signaled to the UE based on network configuration via RRC signaling and/or network activation/deactivation via MAC/DCI signaling, the actual BD counts can be lower. Below table summarizes the scenarios and BD counts.
[bookmark: _Hlk78919966]Table 1 Scenarios and BD counts under different assumptions (d1: BD for candidate 1; d2: BD for candidate 2; dsc: soft combining)
	[bookmark: _Hlk78903545]gNB Tx scheme
	Soft-combining capable UE 
	Soft-combining incapable UE

	
	No or ignoring one-outage
	With one-outage
	

	Scenario 2 Dynamical network selection
	2 (d1 and d2)
	2 (d1 and d2)

	Scenario 1 M-TRP
	1 (dsc)
	3 (d1 and d2 and dsc)
	

	Scenario 3A: Dynamic switching between S-TRP 1 and M-TRP
	2 (d1 and dsc)
	
	

	Scenario 3B: Dynamic switching between S-TRP 2 and M-TRP
	2 (d2 and dsc)
	
	

	Scenario 3C: Dynamic switching between TRP 1, TRP 2, and M-TRP 
	3 (d1 and d2 and dsc)
	
	



Then for different scenarios and UEs with different capabilities:
· For UE reporting 2 BDs: 
· Always assume up to 2 BDs for all scenarios
· For UE reporting 3 BDs: 
· Simplified design: 
· Allow gNB to over-estimate the BD budget needed by UE, does not need gNB assistance information to the UE, and has best BD performance (which may useful for, e.g., URLLC). 
· Always assume up to 3 BDs for all scenarios; actual BD counts may depend on UE implementations and scenarios but may be higher than cases with gNB assistance information.
· More sophisticated design: 
· gNB has a more accurate estimate on BD budget, which may also reduce UE BD counts, but need gNB assistance information to be sent to the UE, and may result in degraded BD performance due to one-outage unforeseeable by the gNB/UE.
· M-TRP transmission only and with no or ignored one-outage: 1 BD
· [bookmark: _Hlk79067221]Dynamic switching between a fixed S-TRP (need to specify which in the gNB assistance information) and M-TRP, or dynamic network selection: 2 BDs
· All others scenarios: 3 BDs. 
· However, if after the UE completes the BDs according to the gNB assistance information but finds none decodable, then the UE can finish 3 BDs
Overall the more sophisticated design seems having quite high complexity and overhead but not much performance advantage. Therefore, we suggest to adopt the simplified design.
[bookmark: _Hlk78903978]Proposal 7: For the BD count for Option 2 + Case 1 with up to two PDCCH candidates:
· If UE reports 2, always 2 BDs are assumed;
· If UE reports 3, always 3 BDs are assumed;
· Reporting of 3 implies that the UE supports soft combining.

PUCCH/PUSCH enhancement
In 3GPP RAN1 Meeting #104b-e, the following agreements concerning PUCCH/PUSCH enhancements were achieved:
Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 
In 3GPP RAN1 Meeting #105-e, the following agreements concerning PUCCH/PUSCH enhancements were achieved:
Agreement
For multi-TRP PUCCH (scheme 1 and 3) and PUSCH (Type A and B) repetition, when the number of repetitions is equal to two, the first and second transmission occasion shall be associated with two TRPs, respectively (two UL beams or Power control parameter sets), regardless of the configured mapping pattern. 
· Note: For M-TRP PUSCH type B, the number of repetitions refers to ‘nominal’ repetition.
Agreement 
Confirm the working assumption with removing brackets on [consecutive] and adding UE capability.
· 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.
· This feature is optional. 
Conclusion
For multi-TRP PUCCH schemes, only one ‘twoPUCCH-PC-AdjustmentStates’ parameter is configured for both TRPs, and the parameter is shared across both TRPs, which means there will be two closed loops in total (no RAN1 spec impact).
For future meetings:
Further study the enhancements needed on grouping of PUCCH resources for Rel-17 multi-TRP PUCCH repetition
Agreement
· To support per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2, a second TPC field can be configured via RRC.  
· When the second field is configured by RRC, a second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2 (option 3).
· Each TPC field is for each closed-loop index value respectively
· FFS: Whether or not the mapping between the TPC field and the PUCCH transmissions is needed
· When the second field is not configured by RRC, a single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for the closed loop index(es) for the scheduled PUCCH
· To support per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2, adopt the same solution as with M-TRP PUCCH schemes.
· FFS: any additional considerations
· Support UE to report the capability on whether it supports the second TPC field 
· Note1: Per TRP closed-loop power control is only applicable when the “closedLoopIndex” values are not the same for TRPs.
Agreement
For indicating per-TRP OLPC set in DCI format 0_1/0_2, if two SRI fields present in the DCI, 
· Use the existing field (1 bit) for OLPC set indication and a second p0-PUSCH-SetList-r16. 
· if value of the field equals to ‘0’, the UE determine value of P0 from SRI-PUSCH-PowerControl with a sri-PUSCH-PowerControlId value mapped to the SRI field value corresponding to each TRP. 
· if value of the field equals to ‘1’, the UE determine value of P0 from a first value in P0-PUSCH-Set with a p0-PUSCH-SetId value mapped to the SRI field value corresponding to each TRP.
Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, support transmitting A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· The UE is expected to follow the above operation for transmitting A-CSI on two PUSCH repetitions only if 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· Note: The scheduling offset for the first A-CSI should meet the Z and Z’ requirement
Agreement
For s-DCI based multi-TRP PUSCH repetition Type A, the UE is expected to multiplex A-CSI on two PUSCH repetitions only if UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
Agreement
The following working assumption is confirmed. 
For non-codebook based multi-TRP PUSCH, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. The number of bits, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.
Agreement
For type 2 CG based multi-TRP PUSCH repetition:
· The first (legacy) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the first SRS resource set.
· The second (new) RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ are associated with the second SRS resource set.
· Applying the first, second, or both first and second RRC-configured fields ‘p0-PUSCH-Alpha’ and ‘powerControlLoopToUse’ is determined from the new DCI field (for dynamic switching) of the activating DCI similar to the case of DG-PUSCH.
Agreement
Confirm the Working Assumption (with supporting two bits for the new field). 
· For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition, 
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation. 
· The new field is 2 bits
Agreement
For the new field in the DCI for dynamic switching, support Alt.1 (modified).
Alt.1
· Support 2 bits with the following combinations. 
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: FFS
2nd SRI/TPMI field: FFS
	Both 1st and 2nd SRI/TPMI fields


· The SRS resource set with lower ID is the first SRS resource set, and the other SRS resource set is the second SRS resource set. 
· For codebook and non-codebook usage, respectively
· The same number of SRS resource shall be configured in the two SRS resource sets.
Agreement 
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, further study the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· Reuse similar conditions (e.g. UCIs other than the A-CSI are not multiplexed, same number for first actual repetitions, the content of the CSI is the same) to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH.
Agreement
For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), default P0, alpha, PL-RS, and closed loop index is defined per TRP. Select one from the following in RAN1 #106-e meeting,
· Alt.1   
· The first P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the first SRS resource set.
· The second P0/alpha, PL-RS, and closed loop index are determined by sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex mapped to the first sri-PUSCH-PowerControl associated with the second SRS resource set.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2. 
· Alt.2  
· The first set of values {the first value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponded to PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
· Alt.3  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControlassociated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.
For further study in future meetings:
For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)
· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.
· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).
· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.
Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.
PUSCH power control
Some discussions are provided below.
· Details on PHR reporting 
For M-TRP PUSCH repetition, the N repetitions are transmitted at different times (i.e., TDMed) with TRP-specific power control parameters. Each of the N transmissions is sent to only one TRP, and in this sense it is a bit similar to S-TRP transmission when we examine each of the N transmissions individually. Therefore we think the problem may be simplified to studying the PHR reporting for separate S-TRP PUSCH transmissions. For separate S-TRP PUSCH transmissions, the existing PHR reporting mechanism seems still usable, that is, the actual (real) PHR is computed and reported based on the first (initial) PUSCH transmission of a transport block:
TS 38.213
[bookmark: OLE_LINK31][bookmark: OLE_LINK5][bookmark: OLE_LINK29][bookmark: OLE_LINK30]A UE determines whether a power headroom report for an activated serving cell [11, TS 38.321] is based on an actual transmission or a reference format based on the higher layer signalling of configured grant and periodic/semi-persistent sounding reference signal transmissions and downlink control information the UE received until and including the PDCCH monitoring occasion where the UE detects the first DCI format 0_0 or DCI format 0_1 scheduling an initial transmission of a transport block since a power headroom report was triggered if the power headroom report is reported on a PUSCH triggered by the first DCI. Otherwise, a UE determines whether a power headroom report is based on an actual transmission or a reference format based on the higher layer signalling of configured grant and periodic/semi-persistent sounding reference signal transmissions and downlink control information the UE received until the first uplink symbol of a configured PUSCH transmission minus T'proc,2=Tproc,2 where Tproc,2 is determined according to [6, TS 38.214] assuming d2,1 = 1, d2,2=0, and with µDL corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell for a configured grant if the power headroom report is reported on the PUSCH using the configured grant.
TS 38.321
The MAC entity determines whether PH value for an activated Serving Cell is based on real transmission or a reference format by considering the configured grant(s) and downlink control information which has been received until and including the PDCCH occasion in which the first UL grant for a new transmission that can accommodate the MAC CE for PHR as a result of LCP as defined in clause 5.4.3.1 is received since a PHR has been triggered if the PHR MAC CE is reported on an uplink grant received on the PDCCH or until the first uplink symbol of PUSCH transmission minus PUSCH preparation time as defined in clause 7.7 of TS 38.213 [6] if the PHR MAC CE is reported on a configured grant.
The UE can still compute and report PHR according to the existing standards and there is no ambiguity between the UE and gNB. In addition, depending on the M-TRP ordering (first to TRP1 and then to TRP2, or the other way around), one of the TRPs will receive the first of the N PUSCH transmissions of the same transport block, and the gNB can obtain the PHR for that TRP; and if the PHR for the other TRP is needed, the gNB may flip the M-TRP ordering so that the other TRP will receive the first of the N transmissions, based on which the PHR will be computed and reported.
It should be noted that the gNB may perform soft combining / joint detection of some or all of the N PUSCH transmissions, and hence the PHR report information should be kept as the same across the N PUSCH transmissions (cf. e.g., R1-2102661). 
There were proposals to compute and report two separate PHR reports for the same transport block. This may lead to several issues:
· Due to the soft combining requirement, both reports have to be present in each repetition. This further requires the PHR MAC CE payload to be doubled to accommodate both reports, which increases the MAC CE overhead in the PUSCH transmission.
· Since the first PUSCH transmission needs to also carry the PHR report for the later PUSCH transmission to the other TRP, it is unclear whether such a PHR is qualified as a “real” (i.e., “actual”) PHR. If it is considered as a real PHR and to be reported, the UE has to change its legacy implementation behavior of computing PHR only up to the current transmission, and is forced to compute PHR for a future transmission. The UE complexity would be high.
· For the transmissions after the first PUSCH transmission in a repetition, according to our understanding, their resource allocation would be the same as the first transmission. Reporting another PHR does not provide the gNB with much useful information for a future resource allocation. For example, even if the second PHR (for the second TRP) tells the gNB that more resources can be allocated to the repetitions, the gNB may not be able to do so since it may be limited by the first PHR (for the first TRP). And if the second PHR is negative, we do not see any reason to change the resource allocation as long as the first PHR is fine and the UE always caps the power for the transmissions to the second TRP.
Finally, the PHR reporting may also be affected by CA, DC, power sharing, etc. Changing the PHR scheme may lead to high complexity. The current PHR reporting scheme seems working without any enhancements under all these scenarios, and no enhancement is critically needed. Hence, we suggest to stick with the current scheme.
· SRI association 
For SRI association when the default power control parameter sets are to be used, 3 alternatives have been considered. It seems that Alt. 2 and the second part of Alt. 3 do not explicitly mention the SRS resource sets. However, this could lead to issues. If the parameter sets are not tied directly to the SRS resource sets, the wrong parameter set may be used for UL transmission to a TRP. To prevent this issue, RAN2 signaling design may need to ensure the correct association of parameter sets to the SRS resource sets, but this is not very clear from the descriptions of the alternatives. If the association is to be taken into consideration by RAN2, then the resulting design becomes more or less similar to Alt. 1. Overall we think Alt. 1 is a simple and clear solution which works well.
Proposal 8: For PHR reporting related to M-TRP PUSCH repetition, support Option 5, i.e., no changes to legacy PHR reporting and the PHR is reported based on the first transmission of the TB.
Proposal 9: For the SRI association to the default power control parameters, support Alt. 1.

PUSCH/PUCCH timing advance
An issue worth mentioning is the UL TA issue for M-TRP PUSCH/PUCCH. The M-TRP PUSCH/PUCCH enhancements are related to L1/L2 mobility being discussed by RAN1, RAN2 and RAN Plenary, and inputs from L1/L2 mobility may also be considered in this work. Specifically, relevant to M-TRP PUSCH/PUCCH and L1/L2 mobility, RAN#92-e agreed in RP-211511 the following on 2 issues to be resolved in the coming RAN1 August meeting: 
On the scope of Rel-17 NR_FeMIMO:
1. [bookmark: _Hlk77851004]RAN confirms that inter-cell mTRP in RAN1 work only considers multi-DCI and multi-PDSCH reception (per WI objective). Any scheme tailored for reception of a single PDCCH and/or a single PDSCH is not supported in Rel-17 mTRP.
2. Regarding scope and workflow of L1/L2-centric inter-cell beam management for multi-beam enhancement, for Rel-17:
a. Only scenario for inter-cell-mTRP-like model (with no change in serving cell) will be considered in Rel-17. 
· Scenarios where change in serving cell via a L1/L2-triggered handover scheme are not considered in Rel-17 and may be considered in Rel-18
· Further discuss how to clarify the Rel-17 objectives associated with scenario 1 for L1/L2-centric inter-cell beam management (during later round(s))
b. Only intra-DU and intra-frequency scenarios will be considered in Rel-17 (excluding inter-DU or inter-frequency scenarios) 
c. In RAN1#106-e, conclude on the synchronization and the timing advance assumptions between the cells
Analysis for M-TRP UL TA is provided in this subsection, and more details 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.
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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 10: For M-TRP UL TA, confirm that when DL timing difference is t, the UL timing difference can be up to 2t.
Proposal 11: For M-TRP UL TA, conclude that UL timing error can cause significant UL performance degradation.
Proposal 12: 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 13: 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 for a M-TRP transmission, and exactly which one cannot be known a priori to the gNB or UE.
Proposal 2: Clarify if simultaneous S-TRP/M-TRP transmissions on overlapped time-domain resources are supported or not.
Proposal 3: For PDCCH repetition with two linked candidates, if one of the linked candidates is not monitored (is dropped):
· Support Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· The dropping of one of the linked candidates may be due to Rel-15/16 rules (e.g., Case 1 ~ Case 6) or new Rel-17 rules.
Proposal 4: For overlapped S-TRP/M-TRP candidates and ambiguity issue, support revised Option 3: For the 3 candidates with 3 SS set IDs, UE is not expected to monitor a candidate not with the lowest SS set ID and not linked to a candidate with the lowest SS set ID.
Proposal 5: For the BD count, clarify the implementation assumption that a pre-determined BD order has to be adopted by the UE.
Proposal 6: For the BD count, clarify whether UE reporting soft-combining capability is considered as disclosing receiver implementation or not.
Proposal 7: For the BD count for Option 2 + Case 1 with up to two PDCCH candidates:
· If UE reports 2, always 2 BDs are assumed;
· If UE reports 3, always 3 BDs are assumed;
· Reporting of 3 implies that the UE supports soft combining.
Proposal 8: For PHR reporting related to M-TRP PUSCH repetition, support Option 5, i.e., no changes to legacy PHR reporting and the PHR is reported based on the first transmission of the TB.
Proposal 9: For the SRI association to the default power control parameters, support Alt. 1.
Proposal 10: For M-TRP UL TA, confirm that when DL timing difference is t, the UL timing difference can be up to 2t.
Proposal 11: For M-TRP UL TA, conclude that UL timing error can cause significant UL performance degradation.
Proposal 12: 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 13: 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 2 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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