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1 Introduction
In this contribution, the potential enhancements to PDCCH, PUSCH, and PUCCH using multi-TRP are discussed based on the progress made in the last meetings [1][2].
2 Reliability/Robustness enhancement with Multi-TRP/Panel transmission
2.1 PDCCH enhancements
In last meeting, Option 2 (with repetition) + Case 1 (explicit linkage) has been agreed as below. In this section, we will further discuss the details based on option 2.
	Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x



Framework of multi-TCI states for PDCCH transmission
In previous meetings, following alternatives to support multi-TCI in PDCCH transmission were agreed for study, of which Alt 3 has been agreed as a working assumption.
	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
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
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.
· [bookmark: OLE_LINK12]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



Compared with Alt 1, both Alt 2 and Alt 3 can provide flexibility on CORESET configuration such as precoder granularity, interleaving size, DMRS scrambling ID and symbol number for each TRP. Compared with Alt 2, Alt 3 can support more flexible time domain repetition patterns with less spec impact. In addition, the framework of search space set and linkage between PDCCH candidates for Alt 2 would be more complicated. Therefore, it is proposed to confirm the working assumption to support Alt 3.
Proposal 1: Confirm the working assumption, i.e., support Alt 3 for PDCCH reliability enhancements for non-SFN schemes.
However, Alt 3 is mainly used when there are available CORESETs to be configured for PDCCH repetition. In current spec, UE can be configured with up to three CORESETs without CORESET pool index, each of which may have its own usage: for CORESET#0, for BFR request, for UE specific scheduling and in cases for group common DCI. Therefore, there is no available CORESET to support repetition with two CORESETs. In such cases with limited number of CORESETs, Alt 1-3 should be supported. 
Proposal 2: For the case without available CORESETs to be configured for repetition, Alt 1-3 should be supported.
With support of case 1 (explicit linkage), the following information is needed for the UE to derive/determine the linked PDCCH candidates:
· The monitoring occasions for the linked PDCCH candidates. 
As shown in Figure 1, UE needs to know the exact monitoring occasion of each PDCCH candidates for soft combining since there can be different combinations of the monitoring occasions of the linked SS sets.
For Figure 1 (a), there can be following different combinations for soft combining:
· The candidates in the monitoring occasion in the same symbols;
· The candidates in first SS set in OFDM symbol#0 and the second SS set in OFDM symbol#7;
· The candidates second SS set in OFDM symbol#0 and the first SS set in OFDM symbol#7 are for repetition.
For Figure 1 (b), there can be following different combinations:
· The candidates in OFDM symbol#0 and OFDM symbol#3;
· The candidates in OFDM symbol#7 and OFDM symbol#10; 
· The candidates in OFDM symbol#3 and OFDM symbol#7.
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Figure 1 Examples for monitoring occasion pattern of linked PDCCH candidates
· The ID of the linked PDCCH candidates. 
The ID of the linked PDCCH candidates in the linked monitoring occasions is needed for the UE to perform soft combining.
Observation 1: The following information is needed for the UE to determine the linked PDCCH candidates:
· Monitoring occasions for the linked PDCCH candidates;
· ID of the linked PDCCH candidates.
UE can derive the monitoring occasions for the linked PDCCH candidates by the configurations of linked search space set. 
The ID of the linked PDCCH candidates can be achieved by predefined rules. For Alt 3, a straightforward way is that the candidates with the same AL and the same ID are linked, where the candidates are from the monitoring occasions of linked search space set.
For Alt 1-3 with TDM based scheme, the linkage can be similar as Alt 3. However, it cannot be used for Alt 1-3 with FDM, as the linked PDCCH candidates should occupy non-overlapped REG bundles. To avoid such collision, the ID of the linked PDCCH candidates should be different. One example is shown in Figure 2. 
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Figure 2 Association between PDCCH candidates
Observation 2: For Alt 1-3 with FDM based repetition, the linked PDCCH candidates should occupy non-overlapped CCEs. 
Proposal 3: The exact linkage between PDCCH candidates in linked monitoring occasions is predefined:
· For Alt 3, PDCCH candidates with the same AL and the same ID are linked;
· For Alt 1-3, PDCCH candidates with the same AL and different ID are linked. 
Decoding assumptions
In last meeting, four decoding assumptions were agreed for further discussion.
	[bookmark: OLE_LINK8]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).



The four assumptions have the same complexity on RE demapping and demodulation. 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. While assumptions 3 and 4 have larger complexity, but provide better performance in terms of reliability. 
In Figure 3, we provide simulations results of the decoding assumption with soft combining, i.e., assumptions 1, 3 and 4. It can be observed from the figure that for the case without blockage, the three assumptions have the same performance. While for the case with blockage, assumption 4 can achieve the best performance. In case with blockage, assumption 3 just provides trivial performance improvement compared with assumption 1, with less than 0.5 dB gain. 
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Figure 3 Performance of different decoding assumptions 
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 soft combining
	Yes
	No
	Yes
	Yes

	Performance
	Middle
	Low
	Middle
	High



Observation 3: Assumptions 1, 3, and 4 have the same performance in the case without blockage, while in the case with blockage assumption 4 has the best performance. 
Based on the above discussion, assumption 1 has least complexity with moderate performance enhancement. Therefore, it is preferred to be supported. Assumption 2 is more similar to legacy behavior for UE implementation and assumption 4 can provide the best performance, therefore they can be considered. Hence, the following is proposed: 
Proposal 4: At least assumption 1 should be supported, and assumptions 2, 4 can also be considered. 
Different decoding assumptions need different UE capabilities, such as capabilities on decoding and soft combining, and UE can report the capability on support of the decoding assumptions. As assumption 4 requires soft combining and the most number of decoding, the UE supporting assumption 4 can also support other assumptions. Then gNB can configure one of the decoding assumptions according to UE’s capability.
As different decoding assumptions cause different complexities, the counting of the BD number and overbooking need to account for it. Denote the number of BD with soft combining as X (1 < X < 2). Then if the linked PDCCH candidates are within the same slot/monitoring span, the number of BD for assumptions 1, 2, 4 are X, 2, X+2 respectively. Therefore, with the reported capability, gNB can configure one of the decoding assumptions for the linked PDCCH candidates for counting the BD number and overbooking.
Proposal 5: The decoding assumptions are UE capabilities, 
· If UE is capable with Assumption-4, other decoding assumptions (e.g., Assumption 1 and 2) are also assumed to be supported by the UE. 
The above discussion assumes that the same DCI content (PDCCH repetition) is transmitted on the linked PDCCH candidates. However, for assumptions 2 and 4, gNB can choose to transmit the same DCI or different DCIs on the linked candidates for more scheduling flexibility. When two PDCCH candidates are configured to be linked for a UE, gNB can still transmit a different DCI on the second candidate for the UE or to transmit a DCI for other UEs on one of the candidates when the channel quality of the UE is good enough, or an eMBB data is scheduled. 
In this case, UE needs to distinguish whether the two DCIs are repetition or not. A straightforward way is to use the HARQ process field as well as the NDI field, if UE successfully detects two DCIs and at least one of HARQ process ID and NDI value are of different values, UE can assume that two DCIs are independent DCIs. Otherwise, two DCIs are repeated DCIs. 
Proposal 6: For decoding Assumption 2 and 4, gNB can transmit different DCIs on the linked PDCCH candidates. 
Time domain behavior of linked PDCCH candidates
If we consider inter-slot/inter-monitoring span repetition for assumptions 1 and 4, UE needs to buffer the soft bits of the first PDCCH candidate to the slot/monitoring span for the second PDCCH candidate, which may cause large implementation complexity. The situation may be worse if large gap between the linked candidates is configured. For example, in Figure 4, 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. 
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Figure 4 Example of linked PDCCH candidate
Observation 4: For decoding assumptions with soft combining, UE complexity will increase if inter-monitoring span/slot PDCCH repetition is supported. 
For TDMed scheme, the UE behaviors, such as receiving PDSCH and reporting HARQ-ACK, needs to be considered. They are discussed in the following sub-clauses.
Type II HARQ-ACK codebook determination
In R15, Type II HARQ-ACK codebook is generated according to the monitoring occasion ID of the scheduling DCI. In R17, there could be more than one monitoring occasion ID for one PDSCH, and then if the R15 mechanism is reused, two HARQ-ACK bits would be fed back for one PDSCH, which may waste the PUCCH resources. In that sense, we can define that the monitoring occasion ID of the first linked PDCCH candidate is used to determine the HARQ-ACK codebook. To avoid any ambiguity between UE and gNB, no matter which candidate is decoded successfully, the first PDCCH candidate in time domain is used for the Type II HARQ-ACK codebook. 
[bookmark: OLE_LINK14]Proposal 7: For TDM based PDCCH repetition scheme, the monitoring occasion of the first linked PDCCH candidate is used for generating Type II HARQ-ACK codebook.
Last DCI determination
In R15, the last DCI used for PUCCH resource determination is always in the last PDCCH monitoring occasion. However, if the linked PDCCH candidates are in different monitoring occasions, the second PDCCH monitoring occasion may not be suitable to determine the PUCCH resource. As shown in Figure 5, the PDCCH candidates in symbols#0 and #8 are configured to be linked, and then if we follow the rules in R15, the last DCI should be within the monitoring occasion in symbol#8. However, with the same content repeated in monitoring occasions in symbols#0 and #8, gNB has to account for the DCI transmitted in symbol#4 when transmitting the DCI in symbol#0, which is not practical for burst scheduling in symbol#4. To solve the issue, only the first PDCCH candidate is used to determine the last DCI. 
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Figure 5 Last DCI for PDCCH repetition
Proposal 8: For TDM based PDCCH repetition scheme, the monitoring occasion of the first linked PDCCH candidate is used for determining the last DCI.
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. Similarly, for the case that linked PDCCH candidates are in different slot, the reference should also be one of them. To be aligned with the last DCI determination, the first linked PDCCH candidate can be used.
Proposal 9: For TDM based PDCCH repetition scheme, the monitoring occasion of the first linked PDCCH candidate is used for determining the reference symbol/slot for SLIV indication.
PUCCH resource determination when larger than 8 PUCCH resource is configured
Three alternatives were agreed on PUCCH resource determination in last meeting.
	Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS: Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.



With Alt 1, the linked PDCCH candidates have the same start CCE index. Then, if the two CORESETs of the linked PDCCH candidates occupy the same bandwidth and interleaving is OFF, the linked PDCCH candidates would occupy the same bandwidth, which means that frequency diversity gain cannot be achieved. Furthermore, Alt 1 brings some restriction on CORESET configuration. For example, the two CORESETs have to be of the same number of RB and symbols. Otherwise, the number PDCCH candidates with the same start CCE index would be very limited according to current PDCCH candidate to CCE mapping mechanism.
Compared with Alt 1, Alt 2 can utilize the frequency diversity as the CCEs of the linked PDCCH candidates can be different in different monitoring occasions and does not have the restriction imposed by Alt 1. 
Alt 3 means that gNB would have to preserve two PUCCH resources for the UE when using different CCE indexes, which result in waste of PUCCH resources.
Proposal 10: Alt 2 is supported for PUCCH resource determination for HARQ-ACK when the corresponding PUCCH resource set has more than eight PUCCH resources.
2.2 PUSCH enhancements
Indication of multiple beams
In last meeting, the following was agreed for indication of SRIs and TPMIs for codebook based PUSCH transmission.
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)


For codebook based PUSCH transmission, it has been agreed to support two SRS resource sets for two TRPs. In current spec, at most two spatial filters are supported for SRS, and each of the spatial filters can be used for one TRP in multi-TRP based PUSCH transmission. So, one spatial filter can be configured for one SRS resource set. For the case with full power transmission mode-2, two SRS resources with different number of ports corresponding to the same spatial filter can be configured for each SRS resource set. And for other cases except for full power transmission mode-2, one SRS resource for each resource set is sufficient. 
Proposal 11: For the case with full power transmission mode-2, two SRS resources can be configured for each SRS resource set corresponding to each TRP; otherwise, one SRS resource is configured for each SRS resource set.
For scheduling flexibility, the dynamic switching between single-TRP and multi-TRP based scheme should be supported. Currently, two SRS resource sets have been agreed for two TRPs. Then, when 2 SRS resources from 2 sets are indicated, multi-TRP PUSCH transmission is assumed, otherwise, single-TRP PUSCH transmission is assumed. To achieve this, the SRI field has to be enhanced. Therefore, Alt 1 is preferred. For example, if two SRS resources are configured in two SRS resource sets, Table 2 can be used. The gNB can schedule a single TRP PUSCH transmission by indicating bit field 0 and 1, and multi-TRP PUSCH transmission by indicating bit field 2.
Table 2. SRI field for two configured SRS resources for codebook based transmission
	Bit field mapped to index
	SRI(s),  

	0
	0

	1
	1

	2
	0,1

	3
	[bookmark: OLE_LINK16]Reserved



Proposal 12: Support Alt 1, i.e., the bit field of SRI is enhanced, to enable dynamic switching between single-TRP and multi-TRP based PUSCH transmission.
When two SRS resources are indicated, two TPMIs are used with each corresponding to one SRS resource, otherwise, one TPMI is used. As has been agreed, the two TPMIs are with the same number of layers, and the relationship between the two TPMIs can be used to reduce DCI overhead. There are two options can be considered:
· Option 1: Using one TPMI table to jointly indicate two TPMIs;
· Option 2: Using separate TPMI tables to indicate two TPMIs, where the first table is the same as Rel-16 table and the second table is adjusted according to the value of first table.
For option 1, one TPMI field is used to jointly indicate two TPMIs, and the two TPMIs should have the same number of layers. In that case, the table of TPMI field has to be redesigned, while the DCI payload can be quite low. For option 2, two TPMI fields are used and the number of layers of the second TPMI field can be determined by the first TPMI field. In this case, the second TPMI field can have less bits than the first TPMI. The benefits are that the table of TPMI field in current spec can be reused and some bits can be reduced compared to doubling the current TPMI field. 
Considering the impact of DCI size on reliability, option 1 is slightly preferred.
Proposal 13: For the enhancement on TPMI field, use one TPMI table to jointly indicate two TPMIs.
Furthermore, other relationship between the two TPMIs can also be considered to further reduce the DCI payload. For example, the same coherent type can be assumed between the two TPMIs. In current spec, for a UE with full-coherent capability, the partial-coherent/non-coherent TPMI can still be indicated for UE power saving. Then in multi-TRP PUSCH transmission, both TPMIs can also be partial-coherent/non-coherent type for power saving. 
Proposal 14: The same coherent type is assumed for both TPMIs in multi-TRP PUSCH transmission. 
In the last meeting, the following was agreed for non-codebook based PUSCH transmission.
	[bookmark: OLE_LINK5]Agreement
For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 
· Increase the maximum number of SRS resource sets to two, and associated CSI-RS resource can be configured per SRS resource set. 
· FFS: Enhancements on SRI field in DCI to indicate the two beams for repetitions 



For non-codebook based PUSCH transmission, it has been agreed that two SRS resource sets are supported. In order to support at most four layers for each repetition, each SRS resource set should be able to support up to four SRS resources. 
Similar to codebook based transmission, the same rank can be assumed between the two SRS sets to reduce DCI overhead. Then, there are two option can be considered:
· Option 1: Using one SRI table to indicate the SRS resources from different SRS resource set;
· Option 2: Using separate SRI table to indicate the SRS resources from different SRS resource set, the first table is the same as Rel-16 and the second table is adjusted according to the value of first table.
For option 1, one joint SRI field can be used, and each SRI codepoint indicates two SRIs from two SRS resource sets, and the same number of layers is assumed. For option 2, the first SRI field can determine the number of layers for the second SRI, thus the DCI overhead is reduced.
Considering the impact of DCI size on reliability, option 1 is slightly preferred.
Proposal 15: For non-codebook based PUSCH transmission, the same rank is assumed for the two TRPs.
Proposal 16: For non-codebook based PUSCH transmission, for the enhancement on SRI field, use one SRI table to indicate SRS resources from the two SRS resource sets.
Beam pattern in time domain
In last meeting, the beam-mapping pattern in time domain has been discussed with the following agreed. 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreement
For single DCI based M-TRP PUSCH repetition Type B, at least nominal repetitions are used to map beams 
· Further study details and applicability of each mapping method
· Further study the slot based beam mapping in the cases of nominal repetition across slot boundaries

Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
· Companies are encouraged to provide further simulation results to decide details.

Agreement
For single DCI based PUSCH multi-TRP enhancements, support the following RV mapping for PUSCH repetition Type A,
· DCI indicates the first RV for the first PUSCH repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the second TRP (The same method as PDSCH scheme 4)
· FFS: Reuse of the same method for PUSCH repetition Type B.


For cyclic mapping, after two repetitions, both of the TRPs can receive the PUSCH and diversity gain can be obtained. While for sequential repetition, more repetitions are needed. In that sense, repetitions can be early terminated after transmitting two repetition.
In R16, inter-repetition (nominal) frequency hopping is supported. If we use sequential mapping, both of the beams can get frequency diversity using current spec, while for cyclic mapping, more spec impact may be needed. Moreover, in case that switching gap is needed for beam/power switching, more gaps are needed for cyclic mapping, which means that the performance of cyclic mapping is worse than sequential mapping if we consider the same latency. 
For slot-based beam mapping pattern, we cannot ensure that the OFDM symbols occupied by each beam maintains the same number of symbols, which may bring performance loss for the case with blockage. 
For half-half beam mapping pattern, the second beam cannot be received until first half repetitions are finished, which may bring large latency for the case than repetition time is large. 
Proposal 17: Both sequential and cyclic beam mapping pattern for PUSCH transmission with more than two repetitions should be supported.
Power control
	Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.
· Option.1: A single 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 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 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.
· FFS: Transition period for beam / power / frequency change.



Option 1 saves DCI payload but provides large restriction on power control since two TRPs have to make the same adaptation. Options 3 and 4 can support flexible power adaptation; however, large DCI payload is introduced. Obviously, Option 2 provides a good trade-off between the payload and the flexibility. In Option 2, the power of one of the beams can be adjusted one time, and the power of other beam can be adjusted in the next time. The issue for Option 2 is to determine which beam is to be adjusted by the TPC field. One straightforward option is that the TPC is used for the first indicated beam, i.e., the first indicated SRS resource set in the SRI. Then, the SRI field can be reused to indicate the order of SRS resource sets. 
Proposal 18: For per TRP closed-loop power control for PUSCH transmission, support Option 2.
Enhancement for CG PUSCH
	[bookmark: OLE_LINK9]Agreement
Support both type 1 and type 2 CG PUSCH transmission towards MTRP. Further study the following alternatives, 
· Alt.1 : single CG configuration 
· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.
· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Alt.2 : multiple CG configurations 
· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.
· 1 SRI/TPMI is configured/indicated for each CG configuration.
· Further study required beam mapping principals, low overhead mechanisms for beam selection, and other enhancements for Alt.1 and Alt.2.



The motivation of Alt 2 is to support flexible resource allocation for different repetitions, which may not be needed if we assume that the channel to two TRPs share similar SNR. Furthermore, if we consider to support more than two repetitions, there are restrictions on PUSCH length and beam patterns for Alt 2. For example, in Figure 6 (a), to support cyclic pattern, each PUSCH of one CG configuration cannot be longer than a half slot. Otherwise, we can only support half-half pattern as shown in case (b) by Alt 2, which is not optimal since the second beam cannot be transmitted until the first beam is transmitted.
[image: ]
Figure 6 Beam pattern for CG based PUSCH transmission with two CG configurations
Therefore, we prefer Alt.1, which can reuse what we decided for DCI based scheme. 
Proposal 19: For CG PUSCH transmission, Alt.1 (single CG configuration) should be supported.
CSI piggyback on PUSCH
In R16, aperiodic CSI can only occupied one of the PUSCH repetitions. Then, if PUSCH repetition is with two beams, the performance of CSI on PUSCH cannot be improved via multi-TRP reception. So we support to transmit CSI on two repetitions with different beams to utilize the diversity gain for CSI. 
Proposal 20: Support CSI piggyback on two PUSCH repetitions with different beams.
2.3 PUCCH enhancements
Transmission scheme
In last meeting, three schemes are discussed, and Scheme 1 is agreed, while Scheme 2 and 3 need further discussion.
	Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

Agreement
For multi-TRP PUCCH transmission schemes,
· For Scheme 1, at least PUCCH format 1/3/4 can be used. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 
· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).

Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.


For PUCCH format 0/2, Scheme 1 is not practical since these two formats are used for fast UCI feedback. In this case, at least one of Scheme 2 or 3 should be supported. For Scheme 2, two beams can be supported for a two-symbol PUCCH transmission, which is an important case for fast feedback or for PUCCH transmission on subframe S. Scheme 3 is also useful when more than two repetitions are needed. We can consider to use both Scheme 2 and 3 to support pattern 1 in Figure 7, or to use Scheme 3 with cyclic mapping or sequential mapping as shown in pattern 2 or 3.
[image: ]
Figure 7 Beam pattern for PUCCH format 0/2
Observation 5: For PUCCH format 0/2, Scheme 2 is beneficial for low latency, while Scheme 3 can be used for the case with more than two repetitions. 
For PUCCH format 1/3/4, scheme 2 and/or 3 can also be supported for low latency case when subslot PUCCH is configured. 
Observation 6: For PUCCH format 1/3/4, Schemes 2 and 3 are beneficial for low latency when subslot PUCCH is configured. 
Proposal 21: For PUCCH enhancement, support both Schemes 2 and 3.
Power control
	Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  

Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.
· Option.1: A single 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 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 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.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1

Agreement
For PUCCH multi-TRP enhancements in FR1,
· Support separate power control for different TRP.
· FFS: how to define the association between PUCCH and TRP.
· FFS: required enhancements.



For PUCCH power control in FR2, similar as what we discussed for PUSCH, Option 2 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. Similar rule as PUSCH can also be considered that the TPC is valid for the first beam activated by MAC CE. Furthermore, in order to support a more dynamic manner as the common TCI is considered, the first beam indicated by TCI field can be applied with the TPC. 
Proposal 22: For per TRP closed-loop power control for PUCCH transmission, support Option 2.
For the case of FR1, spatial relation info can also be configured for PUCCH transmission in Rel-15. So the scheme for FR2 separate power control can be reused for FR1. In that case, the power control for FR1 and FR2 can be unified. 
Observation 7: For PUCCH multi-TRP transmission in FR1, the spatial relation info can be configured to enable separate power control.
3 Conclusion
This contribution has provided our analysis and consideration reliability/robustness enhancements using multi-TRP in Rel-17. In summary following observations are provided in the contribution:
Observation 1: The following information is needed for the UE to determine the linked PDCCH candidates:
· Monitoring occasions for the linked PDCCH candidates;
· ID of the linked PDCCH candidates.
Observation 2: For Alt 1-3 with FDM based repetition, the linked PDCCH candidates should occupy non-overlapped CCEs. 
Observation 3: Assumptions 1, 3, and 4 have the same performance in the case without blockage, while in the case with blockage assumption 4 has the best performance. 
Observation 4: For decoding assumptions with soft combining, UE complexity will increase if inter-monitoring span/slot PDCCH repetition is supported. 
Observation 5: For PUCCH format 0/2, Scheme 2 is beneficial for low latency, while Scheme 3 can be used for the case with more than two repetitions. 
Observation 6: For PUCCH format 1/3/4, Schemes 2 and 3 are beneficial for low latency when subslot PUCCH is configured. 
Observation 7: For PUCCH multi-TRP transmission in FR1, the spatial relation info can be configured to enable separate power control.
Hence, the following proposals are provided,
For the PDCCH part: 
Proposal 1: Confirm the working assumption, i.e., support Alt 3 for PDCCH reliability enhancements for non-SFN schemes.
Proposal 2: For the case without available CORESETs to be configured for repetition, Alt 1-3 should be supported.
[bookmark: _GoBack]Proposal 3: The exact linkage between PDCCH candidates in linked monitoring occasions is predefined:
· For Alt 3, PDCCH candidates with the same AL and the same ID are linked;
· For Alt 1-3, PDCCH candidates with the same AL and different ID are linked. 
Proposal 4: At least assumption 1 should be supported, and assumptions 2, 4 can also be considered. 
Proposal 5: The decoding assumptions are UE capabilities, 
· If UE is capable with Assumption-4, other decoding assumptions (e.g., Assumption 1 and 2) are also assumed to be supported by the UE. 
Proposal 6: For decoding Assumption 2 and 4, gNB can transmit different DCIs on the linked PDCCH candidates. 
Proposal 7: For TDM based PDCCH repetition scheme, the monitoring occasion of the first linked PDCCH candidate is used for generating Type II HARQ-ACK codebook.
Proposal 8: For TDM based PDCCH repetition scheme, the monitoring occasion of the first linked PDCCH candidate is used for determining the last DCI.
Proposal 9: For TDM based PDCCH repetition scheme, the monitoring occasion of the first linked PDCCH candidate is used for determining the reference symbol/slot for SLIV indication.
Proposal 10: Alt 2 is supported for PUCCH resource determination for HARQ-ACK when the corresponding PUCCH resource set has more than eight PUCCH resources.
For the PUSCH part: 
Proposal 11: For the case with full power transmission mode-2, two SRS resources can be configured for each SRS resource set corresponding to each TRP; otherwise, one SRS resource is configured for each SRS resource set.
Proposal 12: Support Alt 1, i.e., the bit field of SRI is enhanced, to enable dynamic switching between single-TRP and multi-TRP based PUSCH transmission.
Proposal 13: For the enhancement on TPMI field, use one TPMI table to jointly indicate two TPMIs.
Proposal 14: The same coherent type is assumed for both TPMIs in multi-TRP PUSCH transmission. 
Proposal 15: For non-codebook based PUSCH transmission, the same rank is assumed for the two TRPs.
Proposal 16: For non-codebook based PUSCH transmission, for the enhancement on SRI field, use one SRI table to indicate SRS resources from the two SRS resource sets.
Proposal 17: Both sequential and cyclic beam mapping pattern for PUSCH transmission with more than two repetitions should be supported.
Proposal 18: For per TRP closed-loop power control for PUSCH transmission, support Option 2.
Proposal 19: For CG PUSCH transmission, Alt.1 (single CG configuration) should be supported.
Proposal 20: Support CSI piggyback on two PUSCH repetitions with different beams.
For the PUCCH part: 
Proposal 21: For PUCCH enhancement, support both Schemes 2 and 3.
Proposal 22: For per TRP closed-loop power control for PUCCH transmission, support Option 2.
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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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