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1 Introduction
In last meeting, details of reliability/robustness enhancements by PDCCH/PUSCH/PUCCH multi-TRP operation were discussed [1]. In this contribution, we further provide our considerations and designs on PDCCH repetition focusing on blind decoding issues and the timing design, PUSCH enhancements including power control related issues and beam indication, and PUCCH transmission schemes. 
2 PDCCH enhancements
In last meeting, details on how to configure the linked candidates were agreed. In this section, we will further discuss the remaining issues based on the agreement. 
	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
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 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.



To understand the spec impacts clearly, we separately discuss about issues under intra-slot/span PDCCH repetition cases from section 2.1.1 to 2.1.5, and inter-slot/span PDCCH repetition in section 2.1.6.



2.1 BD counting and decoding assumptions for PDCCH repetition
In previous meetings, four decoding assumptions were agreed for further discussion. Furthermore, how to count the BD and the related UE capability reporting is also under discussion. 
	Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).

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



Analysis of decoding assumptions
We analyze the performance of the agreed four decoding assumptions as shown in Figure 1. It can be observed from the simulation results that, 
· for the case without blockage, the assumptions 1, 3, 4 with soft combining have almost the same performance, which is much better than the performance of assumption 2 without soft combining,
· while for the case with blockage, assumption 4 can achieve the best performance, and assumption 3 just provides trivial performance improvement (less than 0.5 dB) compared with assumption 1. 
[image: ]           [image: ]
Figure 1 Performance of different decoding assumptions 
Observation 1: In the case without blockage, Assumptions 1, 3, and 4 are with similar performance and better than Assumption 2. In the case with blockage, Assumption 4 has the best performance.
Regarding the complexity, the four assumptions are the same in terms of RE de-mapping and demodulation. While for decoding, assumption 1 has the lowest complexity, as UE only needs to decode once. Assumption 2 can reuse the legacy UE implementation without additionally supporting soft combining. The assumptions 3 and 4 have increased complexity although they can provide better performance.
The analysis of the four decoding assumptions is summarized in the following table:
Table 1. Summary of the four decoding assumptions
	
	Assumption 1
	Assumption 2
	Assumption 3
	Assumption 4

	BD complexity
	Low
	Middle
	High
	High

	Support of soft combining
	Yes
	No
	Yes
	Yes

	Performance
	Middle
	Low
	Middle
	High



Based on the above discussion, assumption 1 has the least complexity with moderate performance enhancement; assumption 2 is similar to the legacy behavior for UE implementation and assumption 4 can provide the best performance in broad cases. Assumption 3 is less attractive considering the complexity and performance. Therefore, the following is proposed: 
Proposal 1: Support decoding assumptions 1, 2 and 4. 
UE capability reporting
For UE capability reporting, we need to investigate which information of UE processing is essential for performance and should be known by gNB. As observed from Figure 1, there is a large performance gap (more than 1 dB) between assumptions with soft-combining and that without soft-combining. Therefore, information about supporting soft combining should be reported at least, so that the AL of PDCCH can be determined by gNB scheduler. For example, when UE supports soft combining, smaller AL can be used, and otherwise, more resources may need to be used for PDCCH transmission. 
Among the detailed options of capability reporting, Options 2 and 3 allow UE to report the support of soft-combining, while with options 1, 4 and 5, the information is missing to gNB. 
Proposal 2: UE should report to gNB about the information on whether it supports soft combining. 
Furthermore, a fixed value for linked candidates is not favored as it cannot accommodate different decoding assumptions. For example, Option 4 may not be enough to support decoding assumption 4 as it requires three times decoding while Option 5 would waste the BD capability for assumptions other than 4. Especially, for decoding assumption 1, much of the BD capability would be wasted as only one time decoding is needed. 
Option 2 allows capability reporting of soft-combining, so Option 2 is better than Option 1. However, it is not suitable for assumption 1. Compared with all other options, Option 3 allows gNB to utilize the benefits of different UE implementations and the exact UE capability. The relationship of BD number and performance may be reflected in later performance test design in RAN4 without actually disclosing UE implementation algorithm. Therefore, we propose the following.
Proposal 3: For BD counting and capability reporting, Option 3 should be supported. 
BD number
In Rel-15, the BD number is counted as one for each candidate, considering that among the UE processing aspects including RE de-mapping/demod and decoding, decoding is considered as the dominant factor, and thus the BD number is regardless of aggregation level of a candidate.
For assumption 1, less than 2 BDs are required because that two de-mapping/demod processing and only one decoding processing are performed. In last meeting, it was mentioned to use 2 BDs for assumption 1. However, considering that the complexity of decoding costs much more than de-mapping/demod processing, using 2 BDs for assumption 1 would waste the UE capability. On the other hand, counting as 1 BD may be challenging for the UE. So for assumption 1, we prefer a value between 1 and 2. Value 1.5 can be a starting point and other values smaller than 1.5 can also be considered. 
For assumption 4, two times of de-mapping/demod processing and three times of decoding processing are performed. Compared with processing of 3 individual candidates, only one time of de-mapping/demod processing can be saved, to slightly reduce the overall number from BD number 3. Since the saved processing is very limited compared with decoding, we propose to set the value to 3 for assumption 4. 
[bookmark: OLE_LINK2]Proposal 4: Support the following number of BDs for the two linked PDCCH candidates: 
· For assumption 1, support a value between 1 and 2, e.g., 1.5;
· For assumption 4, support a value of 3.
2.2 Overbooking mechanism for PDCCH repetition
There are two alternatives for overbooking procedure considering the linked SS sets:
· Alt 1: The linked SS sets are counted together
· Alt 2: The linked SS sets are counted separately following current rule
For Alt 1, when the SS set with lower ID of the linked SS set is counted, both of the linked SS sets are counted together. Since linked SS sets do not contain individual candidates, the BD number of the linked SS set can be simply calculated based on the number of PDCCH candidates of one of the linked SS set according to UE reporting/configuration. If the total BD number is larger than UE capability when counting a linked SS set, there are two options to handle this case. Option1 is the simplest solution for BD counting, while, Option2 may provide more BD chances in some cases. 
· Option1: The linked SS set is dropped and the BD counting procedure is stopped
· Option2: The linked SS set is dropped and UE continues to count other SS set(s) with higher ID(s)
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Figure 2 Alt 1 for BD counting in overbooking
For Alt 2, UE counts the linked SS set one by one, when the SS set with higher ID is dropped, the linked SS sets for PDCCH repetition have to fall back to single TRP transmission. The linkage configured by RRC may be easily overridden after BD counting. For example, as shown in Figure 3, after counting the BD for SS set 2, the total BD number is larger than UE capability. Then in this case, SS set 3 and 4 are dropped. We can see that SS set 1 and 2 fall back to individual SS sets. However, this may cause problem for gNB scheduling, since the fall-backed SS set may not satisfy the requirement of robustness for URLLC transmission. Furthermore, compared with Alt 1, Alt 2 may be more complicated for BD counting since the linked SS sets have to be counted twice. 
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Figure 3 Alt 2 for BD counting in overbooking
[bookmark: OLE_LINK3]Proposal 5: For BD counting, the linked SS sets are counted together. 

	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.



As agreed in last meeting, 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, i.e., not counting an additional BD. There are still ambiguous cases following the agreement. When one of the linked candidates and an individual candidate follow the rule of “count one”, UE should clearly know the BD counting rule and what would be detected on this candidate. For example, in Figure 4, assuming that one candidate in each SS set, SS set 0 and 2 satisfy the condition for “count one”, SS set 1 and 2 are linked. When UE counts SS set 2 and observes that candidate 1 and candidate 0 of SS set 0 are “count one”, then it needs to be clear that the BD number follows the individual SS set or the linked SS set. If the BD is counted following the candidate 0, the total BD number of the linked SS set 1 and 2 may not satisfy UE capability. So, it needs to be clarified that the BD counting should follow the linked candidate. Moreover, whether candidate 0 can actually be detected may depend on decoding assumptions. 
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Figure 4 An example of BD counting when an individual candidate and an linked candidate are under “count one” procure
Proposal 6: When one of the linked PDCCH candidates uses the same set of CCEs with an individual PDCCH candidate, and both are associated with the same DCI size, scrambling, and CORESET, the individual PDCCH candidate is not counted. 
Furthermore, when one of the linked PDCCH candidates uses the same set of CCEs as another linked PDCCH candidates, and they both are associated with the same DCI size, scrambling, and CORESET, the two candidates are “count one”. In this case, following the principle of above discussion, the linked candidates should count only once. UE doesn’t need to count the BD number from the linked SS sets containing the highest ID among the two overlapped candidates and their linked candidates. This is illustrated in Figure 5.
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Figure 5 An example of BD counting when two linked candidates are under “count one” procedure
Proposal 7: When one of the linked PDCCH candidates uses the same set of CCEs with another linked PDCCH candidate, and both are associated with the same DCI size, scrambling, and CORESET, the linked PDCCH candidates containing the candidate with the highest SS set ID are not additionally counted. 

PDCCH repetition in time domain
PDSCH processing time
In R15, the starting time of PDSCH can be no earlier than the first symbol of PDCCH. However, for PDCCH repetition in time domain, the starting time of PDSCH may be earlier than the first symbol of the later PDCCH. In that case, more efficient PDSCH processing can be achieved. For example, UE can continuously process PDSCH without waiting for PDSCH buffering. As can be seen in Figure 6 (a), since the starting time is restricted, UE may have to wait for PDSCH buffering before starting to process the PDSCH symbols. While for Figure 6 (b), the waiting time is reduced. 
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Figure 6 Different restrictions on starting time of PDCCH
Proposal 8: For TDM based PDCCH repetition scheme, the starting time of PDSCH can be the same as or later than the start of the earlier PDCCH repetition in time domain. 

SLIV indication
For DCI formats 0_2 or 1_2, the starting symbol of the PDCCH monitoring occasion is used as the reference of the SLIV. In the case that linked PDCCH candidates are TDMed within the same slot, the reference can be one of them. Therefore, we have the following proposal.
Proposal 9: For TDM based PDCCH repetition scheme, the monitoring occasion of one of the linked PDCCH candidate is used for determining the reference symbol/slot for SLIV indication when DCI format 0_2 or 1_2 is used.

2.3 Default QCL of PDSCH scheduled by PDCCH with repetition
For PDCCH repetition, when TCI field is not present in the DCI, it’s still an open issue which beam(s) should be applied for the scheduled PDSCH. In Rel-15, if TCI filed is not presented in the DCI, TCI-state of the PDCCH should be applied for the scheduled PDSCH. However, as there are two TCI-states for the multi-TRP PDCCH, which one or both TCI-states are applied should depend on the transmission mode. If PDSCH is transmitted by multiple TRPs, both TCI-states of the PDCCH should be applied. While, if PDSCH is transmitted by single TRP, only one TCI-state should be applied. In Rel-16, the activated TCI-states for PDSCH are used to distinguish PDSCH transmission mode. If at least one TCI codepoint is associated with two TCI-states, PDSCH is assumed to be transmitted with multi-TRP mode and two default TCI-states are applied for PDSCH transmission. Otherwise, PDSCH is assumed to be transmitted with single-TRP mode and only one default TCI-state is applied.
Considering Rel-15 and Rel-16 rules as a baseline, the default beam(s) of the scheduled PDSCH can be determined as follow.
· When PDSCH TCI-states are activated and at least one TCI codepoint is associated with two TCI-states, UE assumes that the two TCI-states of the PDCCH are applied for PDSCH transmission.
· Otherwise, UE assumes only one of the two PDCCH TCI-states is applied for PDSCH transmission. In particular, TCI-state of the CORESET with lower ID is applied.
Proposal 10: For PDCCH repetition, when the TCI field is not present in the DCI, the default TCI-state of the scheduled PDSCH is determined as follow:
· When PDSCH TCI-states are activated and at least one TCI codepoint is associated with two TCI-states, UE assumes that the two TCI-states of the PDCCH are applied for PDSCH transmission.
· Otherwise, UE assumes the TCI-state of the CORESET with lower ID (among the two CORESET of the PDCCH) is applied for PDSCH transmission. 

2.4 Further discussion on repetition schemes
In the previous meetings, Alt 3 was agreed, which needs two CORESETs for PDCCH repetition.
	Agreement
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
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
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 


The scheme (Alt3) may not be not feasible enough for FR2 in some cases. In FR2, one CORESET is completely occupied by the search space for BFR and this search space is only used for PDCCH transmission during BFR procedure. Hence, this CORESET cannot be used for PDCCH repetition. In addition, if the cell is PCell, CORESET0 has to be configured for SIB1 transmission and CORESET0 cannot be used for unicast PDCCH repetition, either. Hence, there is only one remaining CORESET even though the max number of CORESETs (i.e., three CORESETs) are configured. In this case, PDCCH repetition according to Alt 3 cannot be supported. So, it is better to support Alt 1-2 or 1-3 in addition to Alt 3, which only needs one CORESET for PDCCH repetition. In general Alt 1-2 and 1-3 would be of the same performance. We slight prefer Alt1-3 which could be compatible for non-repetition cases as well.
Proposal 11: Support Alt 1-3 for multi-TRP based PDCCH repetition in FR2.

2.5 Inter-slot/span PDCCH repetition
When inter-slot/inter-monitoring span repetition is considered for assumptions 1 and 4, the UE needs to keep buffering the soft bits of the first PDCCH candidate until the slot/monitoring span for the second PDCCH candidate, which may cause large implementation complexity. The situation may be worse if larger gap between the linked candidates is configured. For example, in Figure 7, PDCCH candidates in symbols 0-3 within monitoring spans 1 and 3 are linked together, then the UE implementation will be impacted when it does blind decoding in monitoring spans 2 and 3. 
[image: ]
Figure 7 Example of linked PDCCH candidate
Observation 2: For decoding assumptions with soft combining, UE complexity increases for inter-monitoring span and inter-slot PDCCH repetition. 
In addition, the BD counting may be more complicated for inter-span repetition. In Figure 7, it needs to be discussed on how to divide the BD among span 1 to 3 taking into account UE implementation on PDCCH repetition. Also, in current spec, overbooking is only allowed within the first span of a slot. If the linked PDCCH candidates are within different spans, then discussion is also needed for the BD counting of the rest of the spans of the slot. 
Observation 3: For decoding assumptions with soft combining, further study is needed on the BD counting/overbooking rules for inter-monitoring span and inter-slot PDCCH repetition. 

3 PUSCH enhancements
3.1 Indication of multiple beams
In last meeting, the following was agreed for indication of SRIs and TPMIs for codebook based/non-codebook based PUSCH transmission.
	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 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.



As agreed, since the second TPMI field is not used for TRI and the TRI should follow the TRI indicated in the first TPMI field, the field size of second TPMI field can be smaller than the first TPMI field to save DCI overhead. To be more specific, the payload size of second TPMI can be designed to depend on the maximum number of TPMI for different ranks. 
Proposal 12: For codebook based PUSCH multi-TRP operation, the field size of the second TPMI field is determined by the maximum number of TPMIs corresponding to different ranks.
When the number of SRS resources configured for each SRS resource set is 1 or 3, there is one reserved state in each SRI field, which can be used to indicate dynamic switching. For example, when both SRI fields indicate SRS resources, multi-beam transmission is assumed, and when one of the SRI indicates the reserved state, single-beam transmission is assumed. 
When the number of SRS resources configured for each SRS resource set is 2 or 4, there is no reserved state. Instead of adding one bit for each SRI field, we can use one reserved state in TPMI2 to indicate single-beam transmission. When the state is indicated, the second SRI field is used to indicate the TRP selection, such as which SRS resource set is assumed to be indicated. And the first SRI field is for SRS resource selection and TPMI1 indicates the precoder. For example, Table 2 is revised from the Table 7.3.1.1.2-5A in TS 38.212 for TPMI2, which has 2 bits with one reserved state. When one of index 0-2 in TPMI2 is indicated, both TPMI1 and TPMI2 are used for precoding indication corresponding to two SRS resource sets, and the two SRI fields are used for SRS resource indication corresponds to two SRS resource sets. When the reserved state is indicated, it means that SRI1 is to indicate the SRS resource set ID. The SRI2 and TPMI1 is indicated according to the selected SRS resource set.
 
Table 2. Indication of TPMI2 revised from Table 7.3.1.1.2-5A in TS 38.212
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2

	3
	Reserved



Table 3. Indication of SRI1 assuming that 2 SRS resources are configured for each SRS set
	Bit field mapped to index
	When TPMI2 indicates TPMI
	When TPMI2 indicates the reserved state

	0
	SRS 0 in SRS set 0
	SRS set 0 is assumed for SRI2

	1
	SRS 1 in SRS set 0
	SRS set 1 is assumed for SRI2



Proposal 13: For codebook based PUSCH multi-TRP operation, to support dynamic switching to single-TRP operation:
· One reserved state of the second TPMI field is used to indicate single-TRP operation, and
· The first SRI field is used to indicate the SRS resource set, and
· The second SRI field and the first TPMI field correspond to the indicated SRS resource set. 
For non-codebook based PUSCH transmission, similar solution as codebook based PUSCH transmission can be considered to save DCI overhead. Therefore, the second SRI is only used to indicate the SRS resource without containing the RI. 
Proposal 14: For non-codebook based PUSCH multi-TRP operation, the field size of the second SRI field is determined by the maximum number of SRIs corresponding to different ranks.
In this case, similar as the design for codebook based transmission, when there is at least one reserved state for each SRI field, then the reserved state can be used for dynamic switching between single-TRP and multi-TRP. Otherwise, one reserved state of SRI2 can be used to indicate single-beam transmission. In this case, one of the TPC fields is used to indicate the TRP selection, i.e., which SRS resource set is assumed to be used. And the SRI1 is used to select the SRS resource and the other TPC field is used to indicate the power adjustment. For example, Table 4 is revised from the Table 7.3.1.1.2-29 in TS 38.212 for SRI2, which has 2 bits with one reserved state. When one of index 0-2 is indicated, both SRI1 and SRI2 are used for SRS resource indication corresponding to two SRS resource sets, and the two TPC fields are used for power adjustment corresponding to two SRS resource sets as shown in Table 5. When the reserved state is indicated, then TPC1 is to indicate the SRS resource set ID. The SRI1 and TPC2 correspond to the indicated SRS resource set. 
Table 4. Indication of SRI2 revised from Table 7.3.1.1.2-29 in TS 38.212
	Bit field mapped to index
	
SRI(s), 

	0
	0

	1
	1

	2
	2

	3
	Reserved



Table 5. Indication of TPC1 (accumulated TPC [dB])
	Bit field mapped to index
	When SRI2 indicates SRS resource ID
	When SRI2 indicates reserved state

	0
	-1
	SRS set 0 is assumed for SRI1

	1
	0
	SRS set 1 is assumed for SRI1

	2
	1
	-

	3
	3
	-



Proposal 15: For non-codebook based PUSCH multi-TRP operation, to support dynamic switching to single-TRP operation:
· One reserved state of the second SRI field is used to indicate single-TRP operation, and
· The first TPC field is used to indicate the SRS resource set, and
· The second TPC field and the first SRI field correspond to the indicated SRS resource set. 

3.2 PUSCH power control
	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, 
· 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.
· 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.



For FFS1, Alt. 1 is the first preference, which is cleaner to configure separate power parameters for each TRP. We are also fine to let RAN2 handle this, as the functionality is already clear. 
Proposal 16: To link the two SRI fields to two power control parameters, support Alt. 1, i.e., add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList 
For FFS3, if power control of SRS follows PUSCH, and PUSCH repetition uses two separate power control, i.e., two TPC fields for different repetitions, how to perform the power control for SRS is an issue. Considering that the association between the SRS resource set and the specific PUSCH repetitions should be clearly known, the power control of SRS resource set can follow the associated PUSCH repetitions. For example, SRI1 corresponds to SRS resource set 1 and SRI2 corresponds to SRS resource set 2, and the beams of PUSCH repetition 1 and 2 are indicated by SRI1 and SRI2 respectively. Power control of SRS resource set 1 and 2 can follow PUSCH repetition 1 and 2 respectively. 
Proposal 17: If srs-PowerControlAdjustmentStates indicates the same power control adjustment state for SRS transmissions and PUSCH transmissions, the power control of the two SRS resource sets should follow the corresponding PUSCH repetitions.

3.3 CSI piggyback on PUSCH
	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.


One remaining issue is about how to define the X for A-CSI on PUSCH repetition Type B. For simplification, we can define X = 1 and if the first repetitions corresponding to the two beams have different number of symbols, the A-CSI is only multiplexed on the first PUSCH repetition. 
Proposal 18: For PUSCH repetition Type B, the first actual PUSCH repetitions corresponding to each of the two beams are used for A-CSI multiplexing. 
In current spec, if a PUSCH with repetition Type A and a PUCCH with HARQ-ACK and/or CSI over a single slot that overlaps with the PUSCH transmission, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the overlapped slot. However, to achieve the robustness provided by multi-beam PUSCH also for UCI, the UCI in the PUCCH should be multiplexed on two repetitions with different beams. 
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Figure 5
Similarly, if a PUSCH with repetition Type B and a PUCCH with HARQ-ACK and/or CSI over a single slot that overlaps with the PUSCH transmission, the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that overlapped with the PUCCH. However, to achieve the robustness provided by multi-beam PUSCH for UCI, the UCI in the PUCCH should be multiplexed on two repetitions with different beams. 
Proposal 19: For the case that PUCCH is overlapped with multi-beam PUSCH, the first actual PUSCH repetitions corresponding to each of the two beams are used for UCI multiplexing. 

4 PUCCH enhancements
4.1 Scheme 2
To improve the PUCCH reliability with latency requirement, Scheme 2 (Multi-TRP intra-slot beam hopping) should also be supported. When different beams are used for different sets of symbols, TD-OCC should only be applied within a beam. The reason is that orthogonal feature would be impacted if there are different beams within a TD-OCC. Furthermore, with TD-OCC within only one beam, each TRP can demodulate the PUCCH independently which can be friendly for gNB implementation. In this case, frequency hopping design can be reused for beam hopping, e,g., each hop corresponds to one beam. 
Proposal 20: Support Scheme 2, i.e., intra-slot beam hopping, for PUCCH transmission. 
· If TD-OCC is applied, it is only within a beam. 

[bookmark: _GoBack]
4.2 PUCCH Power control
	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.

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.



For PUCCH power control in FR2, Option 2 (a single TPC field) is preferred to achieve a trade-off between flexibility and DCI payload, so that separate power control for TRPs can be realized without increasing DCI payload. 
For the case of FR1, spatial relation info can also be configured for PUCCH transmission in Rel-15. So the separate power control of FR2 can be reused for FR1. In this way, the power control for FR1 and FR2 can be unified. The RS ID of the spatial relation info can be configured to NULL, if beam based transmission is not supported by the UE. 
[bookmark: OLE_LINK4]Observation 4: For PUCCH multi-TRP transmission in FR1, the spatial relation info can be configured to enable separate power control. 
5 Conclusion
This contribution has provided our analysis and consideration reliability/robustness enhancements using multi-TRP in Rel-17. In summary the following observations are provided in the contribution: 
Observation 1: In the case without blockage, Assumptions 1, 3, and 4 are with similar performance and better than Assumption 2. In the case with blockage, Assumption 4 has the best performance.
Observation 2: For decoding assumptions with soft combining, UE complexity increases for inter-monitoring span and inter-slot PDCCH repetition. 
Observation 3: For decoding assumptions with soft combining, further study is needed on the BD counting/overbooking rules for inter-monitoring span and inter-slot PDCCH repetition. 
Observation 4: For PUCCH multi-TRP transmission in FR1, the spatial relation info can be configured to enable separate power control. 
Based on the discussion and observations, we have the following proposals: 
· For PDCCH part:
Proposal 1: Support decoding assumptions 1, 2 and 4. 
Proposal 2: UE should report to gNB about the information on whether it supports soft combining. 
Proposal 3: For BD counting and capability reporting, Option 3 should be supported. 
Proposal 4: Support the following number of BDs for the two linked PDCCH candidates: 
· For assumption 1, support a value between 1 and 2, e.g., 1.5;
· For assumption 4, support a value of 3.
Proposal 5: For BD counting, the linked SS sets are counted together. 
Proposal 6: When one of the linked PDCCH candidates uses the same set of CCEs with an individual PDCCH candidate, and both are associated with the same DCI size, scrambling, and CORESET, the individual PDCCH candidate is not counted. 
Proposal 7: When one of the linked PDCCH candidates uses the same set of CCEs with another linked PDCCH candidate, and both are associated with the same DCI size, scrambling, and CORESET, the linked PDCCH candidates containing the candidate with the highest SS set ID are not additionally counted. 
Proposal 8: For TDM based PDCCH repetition scheme, the starting time of PDSCH can be the same as or later than the start of the earlier PDCCH repetition in time domain. 
Proposal 9: For TDM based PDCCH repetition scheme, the monitoring occasion of one of the linked PDCCH candidate is used for determining the reference symbol/slot for SLIV indication when DCI format 0_2 or 1_2 is used.
Proposal 10: For PDCCH repetition, when the TCI field is not present in the DCI, the default TCI-state of the scheduled PDSCH is determined as follow:
· When PDSCH TCI-states are activated and at least one TCI codepoint is associated with two TCI-states, UE assumes that the two TCI-states of the PDCCH are applied for PDSCH transmission.
· Otherwise, UE assumes the TCI-state of the CORESET with lower ID (among the two CORESET of the PDCCH) is applied for PDSCH transmission.
Proposal 11: Support Alt 1-3 for multi-TRP based PDCCH repetition in FR2.

· For PUSCH part:
Proposal 12: For codebook based PUSCH multi-TRP operation, the field size of the second TPMI field is determined by the maximum number of TPMIs corresponding to different ranks.
Proposal 13: For codebook based PUSCH multi-TRP operation, to support dynamic switching to single-TRP operation:
· One reserved state of the second TPMI field is used to indicate single-TRP operation, and
· The first SRI field is used to indicate the SRS resource set, and
· The second SRI field and the first TPMI field correspond to the indicated SRS resource set. 
Proposal 14: For non-codebook based PUSCH multi-TRP operation, the field size of the second SRI field is determined by the maximum number of SRIs corresponding to different ranks.
Proposal 15: For non-codebook based PUSCH multi-TRP operation, to support dynamic switching to single-TRP operation:
· One reserved state of the second SRI field is used to indicate single-TRP operation, and
· The first TPC field is used to indicate the SRS resource set, and
· The second TPC field and the first SRI field correspond to the indicated SRS resource set. 
Proposal 16: To link the two SRI fields to two power control parameters, support Alt. 1, i.e., add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList 
Proposal 17: If srs-PowerControlAdjustmentStates indicates the same power control adjustment state for SRS transmissions and PUSCH transmissions, the power control of the two SRS resource sets should follow the corresponding PUSCH repetitions.
Proposal 18: For PUSCH repetition Type B, the first actual PUSCH repetitions corresponding to each of the two beams are used for A-CSI multiplexing. 
Proposal 19: For the case that PUCCH is overlapped with multi-beam PUSCH, the first actual PUSCH repetitions corresponding to each of the two beams are used for UCI multiplexing. 

· For PUCCH part:
Proposal 20: Support Scheme 2, i.e., intra-slot beam hopping, for PUCCH transmission. 
· If TD-OCC is applied, it is only within a beam. 
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Appendix
Table A.1 PDCCH evaluation parameters
	Parameters
	Values

	AL
	AL4 per TRP

	# of RBs/symbols
	1 symbols.

	DCI payload
	40+24 (CRC) bits

	CCE-to-REG mapping
	Non-interleaved

	REG bundling size
	2

	Precoding assumptions
	Open loop beam cycling

	Receiver assumption
	Soft combining

	Blockage model
	10% probability with -10dB blockage per link
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