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1 Introduction
In RAN#86, a new work item named “Further enhancements on MIMO for NR” was agreed. As described in the SID [1], channels other than PDSCH can benefit from multi-TRP transmission (as well as multi-panel reception). One objective to work is to extend specification support for enhancement on multi-TRP deployment, targeting both FR1 and FR2, which includes:
· 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
Following the discussion in RAN1 #103 e-Meeting, the following agreements were made for M-TRP PDCCH enhancement in RAN1 #104 e-Meeting [2]:
Agreement

Confirm the working assumption: 

For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e

· Option 1: The one with the lowest CORESET ID is applied 

· Option 2: The one with the lowest SS set ID is applied.

Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:

· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.

· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 

· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.

· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.

· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.

· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.

Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:

· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.

· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.

Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:

· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).

· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)

· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 

· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.

· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.

Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:

· FFS: Whether MAC-CE can be used additionally

· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.

· The two linked SS sets have the same SS set type (USS/CSS) 

· The two linked SS sets have the same DCI formats to monitor

· For intra-slot PDCCH repetition, 

· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration

· For linking monitoring occasions across the two SS sets that exist in the same slot: 

· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set

Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e

· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates

· Candidate values: 2, X.

· Where X is a value larger than 2 and equal or less than 3 

· FFS: Whether a value between 1 and 2 should be added to the candidate values

· FFS: Other values

· Option 2: UE reports whether it supports soft-combining or not

· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates

· Candidate values: 2, X. 

· Where X is a value larger than 2 and equal or less than 3 

· FFS: Whether a value between 1 and 2 should be added to the candidate values

· FFS: Other values

· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4

· Number of BDs for decoding assumptions 1: 

· Alt1: 2 BDs

· Alt2: A value between 1 and 2 BDs

· Number of BDs for decoding assumption 2: 2

· Number of BDs for decoding assumption 3: 2

· FFS: Other values

· Number of BDs for decoding assumption 4: 3

· FFS: Other values

· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 

· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 

· FFS: Network configuration based on the above UE capabilities for options 1-3

Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation

Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.

· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.

· FFS: The case of FR2
Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 

· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.

· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.

Agreement
For PDCCH repetition, two PDCCH candidates in two SS sets are linked based on

· Having the same AL and the same candidate index: 

· Two linked SS sets are configured with the same number of candidates for each AL.
Conclusion
The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. 
Following the discussion in RAN1 #103 e-Meeting, the following agreements were made for M-TRP PUSCH and PUCCH enhancement in RAN1 #104 e-Meeting [2]:
Agreement
For single DCI based M-TRP PUSCH repetition Type B, support the following RV mapping,

· DCI indicates the first RV for the first PUSCH actual repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH actual repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the first actual repetition towards second TRP (The same method as PDSCH scheme 4). 

Agreement
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 

· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 

· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 

· The feature is UE optional

Agreement
For M-TRP PUCCH scheme 1,  

· Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)

Agreement
For M-TRP PUCCH scheme 1, 

· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  

· FFS: maximum repetition number can be extended to 16.

· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  

· FFS: other values.

· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 

Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 

· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 

· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.

· FFS: whether PUCCH resource group can be linked to power control parameter sets.

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.

Working Assumption

For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 

· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 

· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT

Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.

Conclusion

For Multi-TRP PUCCH Scheme 1/3 at least containing HARQ ACK, supporting dynamic switching between multi-TRP PUCCH scheme and single-TRP PUCCH transmission is not restricted, and can be done by associating, 

· a PUCCH resource activated with one or two spatial-relation-info and PRI bit-field indicating a PUCCH resource,

· or a PUCCH resource with one or two power control parameter sets and PRI bit-field indicating a PUCCH resource

FFS: Support of dynamic switching for Scheme 2 (if the schemes supported)

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

Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.

Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 

· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 

· FFS: the indication of PTRS-DMRS association for maxRank > 2.

Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.

· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 

· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 

· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).

· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols

· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam

· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions

· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.

Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  

· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols

· Whether frequency hopping is performed among the repetitions with the same beam

· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,

· Two TPMI fields are indicated in DCI formats 0_1/0_2.

· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.

· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212

· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.

· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.

· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 

· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.

· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 

· Support the same number of layers applied over repetitions

· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.

· Support dynamic switching between multi-TRP and single-TRP operation

· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations

· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.

· FFS: Support dynamic switching the order of two TRPs

· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any

Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH, select from the below options during the RAN1 #104-e-bis meeting.

· Option.1: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams

· Option.2: A single TPC field (the existing TPC field) is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.

· Option 3: A second TPC field (similar to the existing TPC field) is added in DCI formats 1_1 / 1_2.

· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.

Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,

· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).

· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.

· This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 

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.

In this contribution, we compare and analyze different candidates for PDCCH/PUCCH/PUSCH enhancement. Based on the analysis, we provide our proposals. 
2 Discussion on PDCCH enhancement with multiple TRP

2.1 Discussion on Option 2 + Case 1
Based on agreement in RAN1 #104 e-Meeting, Alt.3 (two SS sets associated with corresponding CORESETs) is supported for PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1. For option 2, encoding/rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. For case 1, two (or more) PDCCH candidates are explicitly linked together. Based on available agreement, we make further discussion on the design for enhanced PDCCH with repeat transmission.
2.1.1 PDCCH candidate counting scheme
For the complexity associated with Polar decoding, 4 kinds of assumptions on decoding behavior are proposed for discussion. For assumption 1, UE only decodes the combined candidate without decoding individual PDCCH candidates. Here only 1 times of Polar decoding is made. It can achieve soft combining gain and have the lowest decoding complexity. For assumption 2, UE decodes individual PDCCH candidates. Here 2 times of polar decoding are made and value 2 can serve as counting number for two linked PDCCH candidates. It can only achieve diversity gain and the performance is relatively worse than other assumptions on account of not achieving combining gain. It has good compatibility with Rel.15/16 decoding behavior on account that two decoding are made independently. It can be well used for option 3, which is multiple chance transmission and still in discussion. For assumption 3, UE decodes the first PDCCH candidate and the combined candidate. Here, 2 times of polar decoding are used and one value between 2 and 3 can serve as counting number for two linked PDCCH candidates on account of additional complexity for computation of combined LLR. It can achieve soft combining gain. And, UE can get PDCCH information earlier when the first decoding is successful. For option 4, UE decodes each PDCCH candidate individually and also decodes the combined candidate. Here, 3 times of polar decoding are used and one value between 3 and 4 can serve as counting number for two linked PDCCH candidates on account of additional complexity for computation of combined LLR. The decoding complexity is highest. With multiple times of decoding, it can support flexible switching between PDCCH transmission with single TRP and enhanced PDCCH transmission with multiple TRPs. It can achieve both diversity gain and combining gain. Also, it provides flexibility for gNB’s selecting transmission schemes/resources and has benefit to reduce collision probability in the search space set. This is desirable for gNB’s realization. Based on the above discussion, each decoding behavior has individual benefit and application scenario. Thus, we think all these 4 decoding assumptions can be supported to achieve different tradeoff of reliability performance, UE complexity, latency and flexibility.  

Proposal 1: Support 4 kinds of decoding behavior assumptions on account of individual benefit and application scenario. 
In current specification, maximum number of monitored PDCCH candidate are specified per slot or per span. A UE does not expect to be configured to monitor PDCCH candidates per slot or per span that exceed the corresponding maximum numbers per slot or per span. For intra-slot PDCCH repetition scheme and FDM based PDCCH repetition scheme, two linked candidates are transmitted in the same slot and can be counted together based on the decoding behavior. For 4 possible decoding behavior as discussed above, the Polar decoding time number is 1/2/2/3, respectively. Thus, the corresponding counting number is value between 1 and 2, value 2, value between 2 and 3, value between 3 and 4 on account of additional complexity for computation of combined LLR, respectively.  
Proposal 2: Support UE reporting the value between 1 and 2 or 2 or between 2 and 3 or between 3 and 4 corresponding 4 kinds of decoding behavior as number of BD for two PDCCH candidates. 
To guarantee same understanding on decoding complexity and correct configuration of candidate number for each search space set, the counting scheme should be aligned between gNB and UE. Since UE has actual information on its capability and decoding algorithm, it can report required BD number for two linked PDCCH candidates, where the possible value can be one of listed value corresponding to one of decoding behavior as shown in the previous paragraph. Then, both UE and gNB can use it as a default value for candidate counting. On account that there is no PDCCH loading information at UE side during reporting, gNB can optionally configure a desirable candidate value based on UE reported value to align counting scheme. For example, when UE report a large value, e.g. a value between 3 and 4, gNB can configure a smaller value if PDCCH load is light and collision probability is low. 
Proposal 3: Support gNB configuring the BD number or counting scheme for counting two linked PDCCH candidates. 
2.1.2 PDCCH overbooking scheme
In current specification, PDCCH overbook technique is only used for PCell and PScell and USS level candidate allocation and dropping scheme are defined. The priority rule is defined for candidate allocation, where CSS has higher priority than USS and USS with lower search space set ID has higher priority. When there is not enough resource for all the candidates of one search space set, the candidates of this search space set and later search space set with larger search space set ID will be dropped. For enhanced PDCCH, two linked search space sets are configured and two candidates from the linked search space sets are used for one PDCCH detection together. Thus, the candidate allocation schemes in case of overbooking can be further designed based on two linked search space sets or individual search space set. 
When candidate allocation is made on two linked search space sets, UE will check whether there are enough candidate resources based on all candidates from two linked search space sets. Here, required candidate resources can obtained by candidate counting scheme for linked candidates as discussed in previous subsection. The dropping will be made for all candidates from two linked search space sets in case of not enough candidate resources. In general, dropping principle with putting high priority for USS with smaller ID can be reused. However, there are two linked search space sets for enhanced PDCCH. Reference search space set can be used to compare with other PDCCH search space sets for determining priority. In detail, the search space set with smaller ID between two linked search space sets can be used as reference search space set. To further improve candidate allocation efficiency, the enhanced dropping schemes can be studied with smaller granularity. For example, dropping granularity can be linked candidate pair instead of all candidates from each search space set or two paired search space sets. However, it will bring the issue of defining dropping order between candidate pairs.
Proposal 4: Allocate PDCCH candidates with granularity of two linked search space sets in case of overbooking. 
Proposal 5: Use search space set with smaller ID as reference search space set to determine dropping priority for linked search space sets. 
When candidate allocation is made based on individual search space set, UE will check whether there are enough candidate resources based on individual search space set. Here, required candidate resource number can be obtained by candidate counting scheme for each search space set, where the counting scheme may be related with UE decoding behaviour since the counting number for two linked candidates may be different. The dropping will be made for all candidates from individual search space set in case of not enough candidate resources. To match PDCCH decoding procedure and provide similar dropping priority for two linked candidates to guarantee PDCCH transmission reliability, some restriction can be made for the configuration of linked search space sets. For blind detection with soft combining for linked candidate pair, UE will firstly make demodulation, LLR computation and decode the first candidate and secondly make demodulation, LLR combination and decode the combined candidate. Thus, it will be not reasonable to allocate candidate with higher priority for the search space set corresponding to the second candidate. From this view, UE is not expected the search space set corresponding the first candidate of linked candidates configured with larger search space set ID. Furthermore, for optimization, linked search space sets can be configured with successive search space set ID. With the configuration of successive search space set ID, the second candidate can be made with high priority for candidate allocation relative to candidates from other search space sets without resource allocation. Thus, similar dropping priority is achieved for two linked candidates.
Proposal 6: Make restriction for configuration of linked search space set if resource allocation granularity is individual search space set: 1. Larger search space set ID is not expected to be configured for the search space set corresponding the first candidate between two linked search space set; 2. Successive search space set ID configured for linked search space sets.
2.1.3 UE behavior in case of collision between candidates and special resources

When PDCCH candidate collides with special resources, e.g. reserved resource blocks for PDSCH rate matching, SSB, RB sets indicated as unavailable by DCI format 2_0, reserved RB set indicated by DCI format 2_1 for pre-emption, CRS RE of lte-CRS-ToMatchAround or of LTE-CRS-PatternList-r16, the UE is not required to monitor the PDCCH candidate. For ePDCCH, two candidates from the linked search space sets are used for one PDCCH detection together. Different UE decoding behavior can be made for two linked candidates as described in subsection 2.1.1. When linked candidates collide with the mentioned special resources, there are two options for UE behavior. For the first option, UE does not monitor the ePDCCH candidate with collision. And, UE monitors ePDCCH candidate without collision with individual detection, i.e. without soft combining. This option can be thought as an extension based on current solution for collision in specification. The resource usage efficiency is high. But it will cause different UE behavior between candidate pairs with and without collision. For the second option, UE will not monitor both linked candidate pair if there is collision for any candidate. This option is very simple. And it can guarantee transmission reliability for ePDCCH since it does not bring mis-detection issue by ePDCCH with transmission by only one candidate. Then, the related impact on PDSCH from ePDCCH missing detection is avoided, including transmission latency, resource waste of PDSCH, etc. Based on comparison, we slightly prefer option 2.  
Proposal 7: UE is not required to monitor both PDCCH candidates in case of collision between ePDCCH candidates and special resources.  
2.1.4 PUCCH resource determination
If DL DCI is transmitted via PDCCH repetition (Option2 + Case 1) and if both repetitions of the DCI are detected, since the CORESETs transmitted the different repetitions of a DCI may have different number of CCEs and different index of a first CCE for the PDCCH reception, different PUCCH resources may be determined. PUCCH resource for HARQ-ACK need to be determined, otherwise, the PUCCH resource for HARQ-ACK determined by a UE and a gNB may be different. In RAN1 #104 e-Meeting, two alternatives were proposed for PUCCH resource determination for HARQ-ACK.
In option 1 the PUCCH resource determination is directly based on CORESET related information while the option 2 is directly based on a SS. Besides, in Rel-16, the information of CORESET with lowest ID is always as an anchor reference, for example, in the determination of default beam for DL and UL channel/signals. Thus option 1 is preferred. So we propose that
Proposal 8: Support option1. That is a PUCCH resource for HARQ-ACK could be determined by the number of CCEs and the index of first CCE of PDCCH reception on the CORESET with the lowest CORESET ID

2.1.5 Default PDSCH beam  
In Rel-15/Rel-16, if the PDSCH is scheduled by a DCI having no TCI field, the PDSCH beam would be same as the scheduling CORESET. In the case of PDCCH repetition, two TCI states can be identified and the beam of the PDSCH need to be determined. If a UE has the ability of receiving a PDSCH with different TCI states containing 'QCL-TypeD' simultaneously, and the DMRS ports indicated in DCI are in two CDM groups, the UE would assume the PDSCH transmitted in a NC-JT manner and the PDSCH beam follows the both TCI states of the scheduling DCI. If higher layer or DCI indicate an URLLC transmission scheme, for example, DMRS ports indicated in DCI are in one CDM group and a UE is configured by with FDM 2a or 2b or TDM A or repetitionNumber-r16 in TDRA field is indicated, the UE may suppose the PDSCH is transmitted in a SDM/FDM/TDM manner from m-TRP and the PDSCH beam also follows the both TCI states of the scheduling DCI. Otherwise, if a UE could not receive a PDSCH with different TCI states containing 'QCL-TypeD' simultaneously for NCJT or FDM scheme, the UE would assume the PDSCH transmitted from a single TRP and the PDSCH beam follows one of the TCI states of the both scheduling DCI.

Proposal 9: For PDSCH scheduled by DCI without TCI field: 
· If a UE support m-TRP PDSCH transmission scheme defined in Rel-16, the PDSCH beam is determined by the beams of the both scheduling CORESETs
· Otherwise, the PDSCH beam is determined by one of the beams of the both scheduling CORESETs

2.1.6 Reference point of starting symbol for PDSCH mapping type B
According to the definition for reference point S0 for starting symbol S in specification, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected if configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B. It simplifies time domain indication for PDSCH transmission in mini-slot for URLLC scenario. For ePDCCH, two candidates may be detected and they are corresponding with two different monitoring occasions. Thus, it need clarify which starting symbol of two monitoring occasions can be used to determine the reference point S0. In previous meeting, a reference PDCCH candidate is defined to determine timing related issue, which is the candidate that ends later in time among the two linked PDCCH candidates in the time domain. Following the similar principle, the starting symbol of the monitoring occasion corresponding reference PDCCH candidate can serve as reference point of staring symbol for PDSCH mapping type B when ReferenceofSLIV-ForDCIFormat1_2 is configured.
Proposal 10: Use starting symbol of the monitoring occasion corresponding agreed reference PDCCH candidate as reference point of staring symbol for PDSCH mapping type B when ReferenceofSLIV-ForDCIFormat1_2 is configured. 
2.1.7 Single TRP PDCCH repetition based on agreed framework
In RAN1 #104 e-Meeting, one issue is raised whether single-TRP PDCCH repetition is supported by reusing the agreed framework. If single-TRP PDCCH repetition transmission is thought as a special case of multiple TRP repetition transmission with the same TCI state, the single-TRP PDCCH repetition can be realized by the currently agreed framework. However, it will configure 2 CORESETs with same TCI state for single-TRP PDCCH repetition transmission. The necessity needs further discussion on account of limited CORESET number. On the other hand, the typical repetition number for single TRP PDCCH transmission is not clearly decided since it may be related with application scenario. If more than 2 repetition is required, the scheme based on simple reusing agreed framework may be not so efficient. Furthermore, we also need clarify whether to support joint single TRP and multiple TRP based PDCCH repetition scheme, e.g. 2 repeat transmission from each TRP and total 4 repeat transmission, if large number of repetition can be accepted from view of UE realization complexity. Based on above discussion, we think it is not mature to decide to use agreed framework for specifying single TRP PDCCH repetition scheme. More discussion is needed for single TRP PDCCH repetition scheme if it is in the scope of this WI.   

Proposal 11: Single-TRP PDCCH transmission with 2 repetition can be realized by agreed framework. However, it is not mature to decide to use agreed framework for specifying single TRP PDCCH repetition scheme.
2.2 Discussion on Option 3 + Case 2

Option 3 is agreed as an option for discussion of PDCCH enhancement in RAN1#102 e-meeting [4]. For option 3, separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc. or result in the same outcome. For both Option 1 (no repetition: one encoding/rate matching for a PDCCH with two TCI states) and Option 2 (encoding/rate matching is based on one repetition, and the same coded bits are repeated for the other repetition), two sets of resources in the time domain (TDM) or in the frequency domain (FDM) with 2 TCI states need to be configured for the same DCI to be transmitted in K transmission instances. This is required to ensure that the UE knows how to decode the DCI in the joint K transmission instances without or with soft combining. The two TCI states for the two sets of resources (symbols for TDM or CCEs for FDM) as well the TCI repetition pattern are also fixed. This offers very little flexibility for the gNB to transmit DCI to the UE using these preconfigured resources. Compared with Option 1 and Option 2, Option 3 can offer more flexibility for the gNB. With Option 3, gNB transmitting separate DCIs to schedule the same PDSCH/PUSCH/RS, different DCI transmitting instances are independent at the transmission/ encoding level. It is preferred to have PDCCH transmission scheme such that the gNB can transmit the DCIs in the resources it wants, and with the number of times it wants, without pre-configuration of resources. Depending on the channel condition and the reliability requirement of the DCI, gNB may transmit the DCI once or multiple times. Each transmission can be sent in a valid PDCCH candidate in a configured CORESET with the corresponding TCI. UE decodes them independently as non-repeated DCIs as in R15. Different transmissions of the same DCI (or DCIs leading to the same outcome) may take place in different time or frequency resources without preconfigured association, as long as the UE can tell the multiple successfully decoded DCIs are the same, i.e. these transmissions are meant to serve the same purpose and does not act multiple times. Figure 1 gives examples of transmission of a DCI once or multiple times as FDM or TDM. In Fig. 1.b, two transmission (TX1 and TX2) are sent as FDM in different CORSETs. In Fig. 1.c, two transmission (TX2 and TX3) are transmitted as TDM in the same CORESET2 in different time, and 1 transmission (TX1) is transmitted in another CORSET1. 
Proposal 12: Support Option 3, i.e. separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc or result in the same outcome.

Proposal 13: For Option 3, each DCI is transmitted independently as a R15 PDCCH candidate in valid CORESET with the corresponding TCI.


[image: image1]
Figure 1. Flexible repeated transmission of DCI: (a) single transmission, (b) 2 transmissions in different CORESETs as FDM, (c) 3 transmissions as same or different CORESETs as TDM.
For case 2, two or more candidates are not explicitly linked together. UE does not know the linking before decoding. It is very useful for multiple chance transmission, where separate DCI is transmitted with different TCI states and schedules the same PDSCH/PUSCH/RS/TB/etc. Diversity gain can be achieved by multiple chance transmission with different TCI state. Also, gNB can flexibly schedule PDCCH transmission from one or multiple TRPs. Because different transmissions are independent, it is important that the UE recognizes the same DCIs (or DCIs with the same purpose) if received multiple times. This is necessary for the UE to act on the DCI only once instead of multiple times, and take action at the correct time. If these DCIs can only be sent at the same time, such as FDM in Figure 1.b, there is no ambiguity of timing. DCI sequence number can be added to identify the DCIs received at the same time. At a given time, if the UE received multiple DCIs, those DCIs with the same sequence number are the duplicates, and UE can safely keep only one of them and discard the rest. The effective timing relation of the DCI is the same as in R16. 

Proposal 14: Use sequence number to identify the DCIs serving the same purpose. 

If these DCIs are can be sent at the different time, such as TDM in Figure 1.c, it is also necessary that the UE can identify the correct timing to act on the DCI, if it receives any one or more of the transmitted DCIs. Suppose the gNB sends N DCIs at different time and wants the corresponding action to take place at a certain time. Because there is no guarantee which DCI is received successfully, the gNB needs to allow sufficient time for the UE to decode the last DCI and have sufficient time to act on it, while not causing the UE to act prematurely if it receives a DCI sent earlier. To resolve the timing ambiguity, each transmitted DCI can include an indicator indicating the time from the last symbol of its transmission to the last symbol of the last DCI transmitted, effectively signaling the timing offset with respect to the last DCI sent. The timing from the last DCI transmitted and the action triggered by the DCI can follow the timing relationship of R16. This way even if the last DCI is not received by the UE, by receiving any of the previously sent DCI, the UE can still derive the time the last DCI is sent and the time it needs to take the proper action. Combining DCI sequence number and timing offset can resolve ambiguity in both time and multiple received DCIs for multiple DCIs sent at different time. 

Proposal 15: If multiple DCIs serving the same purpose can be sent out at different time, introduce in each DCI a timing offset to the time the last DCI is sent to avoid timing ambiguity. 

3 Discussion on PUCCH enhancement with multiple TRP

3.1 Intra-slot repetition

In RAN1 #104e, intra-slot repetition which is PUCCH repetition scheme 3 is agreed as a work assumption. Since sub-slot based PUCCH transmission is already specified in R16, extending the sub-slot based PUCCH repetition in R17 should be supported. Besides, as we know that a sub-slot can only be configured as 2 or 7 OFDM symbols, there is a case that two adjacent repetitions of a PUCCH resource with 2 symbols or 7 symbols with repetition is back to back when 2 or 7 symbols sub-slot based PUCCH is configured. In this case, there is no time for beam switching between the two adjacent PUCCH repetitions. Therefore, the sub-slots for carrying a PUCCH resource with repetition should not be always consecutive. Based on the analysis, we propose that:

Proposal 16: Confirm the work assumption for intra-slot PUCCH repetition with a modification which is deleting the word ‘consecutive’.
3.2 UCI repetition
Except for PUCCH repetition, UCI repetition in different PUCCH resource is another way to improve reliability and robustness. Each PUCCH resource can be configured with a spatial relation information and pathloss reference RS associated with one TRP of multiple TRPs where the multiple PUCCH resources’ spatial relation information and pathloss reference RSs are not needed to be enhanced compared to a PUCCH resource with repetition. However, the UCI multiplexing with UCI repetition may be more complicated which should be carefully considered before it’s supported, and the multiplexing rule or method may be different that the different PUCCH resources carrying UCI repetitions are within a slot or different slots. Therefore, we propose that:

Proposal 17: Consider the multiplexing of UCI to support UCI repetition in different PUCCH resources within a slot or different slots.

If UCI repetition is supported, the next issues should be studied is that how to configure or indicate the multiple PUCCH resource for carrying a same UCI. As we know that the PUCCH resource for periodic CSI, semi-persistent CSI, SR or HARQ-ACK corresponding to SPS PDSCH transmission is RRC configured. Therefore, multiple PUCCH resources can be configured by RRC in R17 compared with one PUCCH resource in R15. While one PUCCH resource for HARQ-ACK with DCI scheduling is indicated by the PRI field in the scheduling DCI, therefore, how to indicate multiple PUCCH resources in the scheduling DCI should be further studied. One way is to add more PRI fields to indicated more PUCCH resource, the other way is to reinterpret the PRI field to indicate more than one PUCCH resources. Based on the analysis above, we propose that:

Proposal 18: For UCI repetition with multiple PUCCH resources, configure multiple PUCCH resources by RRC for periodic UCI, semi-persistent CSI, SR or HARQ-ACK corresponding to SPS PDSCH, and further study how to indicate multiple PUCCH resource by the scheduling DCI for HARQ-ACK with DCI scheduling.
3.3 Beam switching 

For a PUCCH resource with repetition to be transmitted to multiple TRPs, different beams will be used to transmit the repetitions. Considering that it may need time to switch beams for two adjacent repetition, and the gap between the two adjacent repetitions may be smaller than the minimal switching time. In order to ensure there is enough time for beam switching of two adjacent repetitions with different beams, there are two ways to solve it when the gap between the two adjacent repetitions is smaller than the minimal switching time. One way is dropping some symbols of PUCCH repetition(s) to make sure it has enough time for beam switching, while the other way is delaying the later PUCCH repetition to make sure it has enough time for beam switching. Considering that the PUCCH’s performance highly impacts the performance of throughput especially for the PUCCH resource carrying HARQ-ACK, it is better to guarantee the performance of PUCCH resource. Dropping symbols of PUCCH resource may decrease the PUCCH performance a lot especially for the sub-slot based PUCCH repetition since the length of a sub-slot can even be configured as 2, while delaying the later PUCCH repetition can ensure the whole PUCCH repetitions can be transmitted without any dropping. By comparing the two ways, we can see that the delaying method can guarantee the performance of PUCCH transmission while increasing the latency, and the dropping method won’t increase the latency while can’t guarantee the performance of PUCCH transmission. Since the latency of a PUCCH resource with repetition is not a big issue, therefore, we propose that:
Proposal 19: Delay the later PUCCH repetition to ensure there is enough time for beam switching for two adjacent repetitions with different beams when the gap between the two adjacent repetitions is smaller than the minimal switching time.
3.4 Power control

In RAN1 #103e, there are four alternatives when two closed loop indexes are configured for a PUCCH resource which are shown as follows:

	· 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.


It can be seen that Option 3 and 4 can indicate two TPC values for two beams, where there are two bits for each TPC value in Option 3 while there is only one bit for each TPC value in Option 4. Therefore, we support the two options while Option 3 is preferred. Besides, considering the closed loop power control is minor important compared to open loop power control, we also consider to support Option 1. Therefore, we propose that:

Proposal 20: Support Option 1, 3 and 4 while Option 3 is preferred.

It is already agreed to support two sets of power control parameter for a PUCCH with repetition in FR1. How to determine the two sets are still not clear. As we know that P0 value is determined from the P0-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set, pathloss reference RS is determined from the pucch-PathlossReferenceRS-Id with index 0 in PUCCH-PathlossReferenceRS and closed loop index is always 0 when there is no spatial relation information configured for a PUCCH resource. In order to determine two sets of power control parameter set, the closed loop indexes of the two sets can be 0 and 1 respectively. For P0 value and pathloss reference RS determination, they are related to p0-Set and PUCCH-PathlossReferenceRS. In order to determine two P0 values and two pathloss reference RSs, at least two options can be considered. One solution is add a new p0-Set and a new PUCCH-PathlossReferenceRS in RRC signalling, the other option can be  determine two P0 values from two different p0-PUCCH IDs of p0-Set and determine two pathloss reference RSs from two different pucch-PathlossReferenceRS IDs of PUCCH-PathlossReferenceRS. Therefore, we propose that:

Proposal 21: Determine two P0 values and two pathloss reference RSs for PUCCH with repetition in FR1 from the following two options.
· Option 1: Add a new p0-Set and a new PUCCH-PathlossReferenceRS in RRC signalling.

· Option 2:  Determine two P0 values from two different p0-PUCCH IDs of p0-Set and determine two pathloss reference RSs from two different pucch-PathlossReferenceRS IDs of PUCCH-PathlossReferenceRS.
3.5 Frequency hopping 

When multiple beams are used to transmit a PUCCH resource with repetition and multiple TRPs are used to receive it, there are multiple links for transmitting the PUCCH resource with repetition, while there is only one link for transmitting the PUCCH resource with repetition in R15. In R15, inter-slot frequency hopping is supported for PUCCH repetition to obtain the frequency diversity of the link between UE and the single TRP. Since there are multiple links between UE and gNB for a PUCCH resources with repetition in R17, the inter-slot frequency hopping for R17 PUCCH repetition should be performed per link to obtain the frequency diversity of all links between UE and multiple TRPs. Similarly, if intra-slot PUCCH repetition with sub-slot based configuration can support inter-sub-slot frequency hopping, and the inter-sub-slot frequency hopping for R17 PUCCH enhancement should also be performed per link to obtain the frequency diversity of all links between UE and multiple TRPs. Each link between UE and gNB is represented by a beam, therefore, we propose that:

Proposal 22: Perform frequency hopping across PUCCH repetition per beam.

3.6 Others
In Rel-16, the spatial relation of PUSCH scheduled by DCI format 0_0 is corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell. And it has been agreed that up to two spatial relations can be activated for a PUCCH resource to improve PUCCH transmission reliability and robustness. Since a PUSCH scheduled by DCI format 0_0 cannot support repetition transmission, so one spatial relation should be determined for a PUSCH transmission scheduled by DCI format 0_0 when two spatial relations are activated for the PUCCH resource with the lowest ID. For the simplicity, a UE can assume that the spatial relation of PUSCH scheduled by DCI format 0_0 is identical to the spatial relation with lowest id or the first spatial relation activated for the dedicated PUCCH resource with lowest ID. And the PL-RS could also be determined correspondingly. So we propose that:
Proposal 23: One spatial relation and PL-RS for PUSCH scheduled by DCI format 0_0 need to be determined if a PUCCH resource with lowest ID is activated with two spatial relations. And the spatial relation could be determined by:

· the spatial relation with a lower SpatialRelationInfoId activated for the PUCCH resource with the lowest ID

· or the first spatial relation activated for the PUCCH resource with the lowest ID

4 Discussion on PUSCH enhancement with multiple TRP

4.1 Beam switching

Since there are up to 2 beams can be used to transmit PUSCH repetitions, there are always at least two adjacent PUSCH repetitions with different beams in R17. There is a beam switch during the two adjacent repetitions. It needs time to switch from one beam to the other beam, therefore, how to make sure it has enough time to switch beams should be studied and determined, especially for PUSCH repetition Type B since it’s possible two actual repetitions are allocated back to back. When the gap between two adjacent PUSCH repetitions is smaller than the minimal beam switching time, dropping some symbols in the two adjacent PUSCH repetitions can make sure the beams can be switched timely between the two adjacent repetitions. Furthermore, how to determine the dropping symbols should be studied and determined. Besides, as we know that invalid symbols should be determined firstly for the actual repetition determination of PUSCH repetition Type B, whether the dropping symbols for beam switching is considered as invalid symbols or not should be determined for PUSCH repetition Type B further. Based on the analysis above, we propose that:

Proposal 24: Support the way of dropping symbols of two adjacent PUSCH repetitions with different beams in order to make sure the time for beam switching.
Proposal 25: Study how to determine the dropped symbols and determine whether the dropped symbols of PUSCH repetition Type B are invalid symbols or not.
4.2 Power control 

Similar to PUCCH, there are four alternatives when two closed loop indexes are configured for a PUSCH resource in RAN1 #103e. Based on the analysis which is described in 3.1 of PUCCH power control, we propose that:

Proposal 26: Support Option 1, 3 and 4 while Option 3 is preferred.
Besides, there are 4 alternatives to be down selected for PUSCH power control enhancement in RAN1 #104B-e. As we know that there is one SRI-PUSCH-PowerControl list configured where one power control parameter set is obtained by mapping an SRI value in the scheduling DCI to the SRI-PUSCH-PowerControl. As agreed in RAN1 #104e, two SRI fields are indicated in the DCI for a PUSCH transmission with repetition where each SRI can indicate one power control parameter set. By extending the legacy specification, adding an SRI-PUSC-PowerControl list in the RRC signalling is a good way to determine two power control parameter sets. Therefore, we propose that:

Proposal 27: Support Alt. 1 on linking SRI fields to two power control parameters.
However, there is not always SRI filed present in the DCI. If there is no SRI filed in the DCI, according to the legacy specification, only one power control parameter set can be determined for a PUSCH with repetition in R17 even it is transmitted to two TRPs. In this case, two power control parameter sets should be determined where each is associated with one TRP. Therefore, how to determine two power control parameter sets should be further studied. And a mapping pattern similar with beam mapping pattern should also be configured to indicate which power control parameter set of the two sets each repetition of the PUSCH is associated with. Therefore, we propose that:

Proposal 28: Study how to determine two power control parameter sets for a PUSCH with repetitions when there is no SRI filed in the scheduling DCI.
As we know that there may be an open-loop power control parameter set indication in the scheduling DCI to switch a P0 value for a PUSCH transmission. Considering that a PUSCH with repetition is transmitted to different TRPs, it’s possible that the P0 value switching for different TRP is different. In our opinion, independently controlling the P0 value switching for different TRPs may be necessary which gives the high flexibility for scheduling. Therefore, we propose that:

Proposal 29: Support two open-loop power control parameter set indications to independently switching the P0 value targeting for the two TRPs.
4.3 Frequency hopping 

Similar to frequency hopping in PUCCH, considering there are multiple links between a UE and gNB for a PUSCH transmission with repetition, inter-slot frequency hopping and inter-repetition frequency hopping for R17 PUSCH repetition should be performed per link to obtain the frequency diversity of all links between UE and multiple TRPs. Each link between UE and gNB is represented by a beam, therefore, we propose that:

Proposal 30: Perform frequency hopping across PUSCH repetition per beam.
4.4 CG PUSCH enhancement 

In RAN1 #103 e, both type 1 and type 2 CG PUSCH transmission towards MTRP for high reliability and robustness is supported. And in RAN1 #104e, only single configuration based CG PUSCH repetition enhancement is agreed to be supported. As we know that all the transmission parameters of type 1 CG are RRC configured and a part of transmission parameters are in the activated DCI such as SRI, TPMI where the activate DCI is very similar to scheduling DCI. As we know that there are two SRI fields and two TPMIs for a DG based PUSCH with repetition as agreed in RAN1 #104e. All these design for DG based PUSCH enhancement can be reused for CG PUSCH enhancement. Besides, it is agreed to determine two power control parameter sets for a DG based PUSCH transmission where this principle should be reused for CG PUSCH transmission too. Therefore, we propose that:
Proposal 31: Reuse the schemes or the principle of DG PUSCH repetition enhancement for the single configuration CG PUSCH repetition.

5 Conclusions
As a summary, we have the following proposals on PDCCH, PUCCH and PUSCH enhancements with multi-TRP:
Proposal 1: Support 4 kinds of decoding behavior assumptions on account of individual benefit and application scenario. 
Proposal 2: Support UE reporting the value between 1 and 2 or 2 or between 2 and 3 or between 3 and 4 corresponding 4 kinds of decoding behavior as number of BD for two PDCCH candidates. 
Proposal 3: Support gNB configuring the BD number or counting scheme for counting two linked PDCCH candidates. 
Proposal 4: Allocate PDCCH candidates with granularity of two linked search space sets in case of overbooking. 
Proposal 5: Use search space set with smaller ID as reference search space set to determine dropping priority for linked search space sets. 
Proposal 6: Make restriction for configuration of linked search space set if resource allocation granularity is individual search space set: 1. Larger search space set ID is not expected to be configured for the search space set corresponding the first candidate between two linked search space set; 2. Successive search space set ID configured for linked search space sets.
Proposal 7: UE is not required to monitor both PDCCH candidates in case of collision between ePDCCH candidates and special resources.  
Proposal 8: Support option1. That is a PUCCH resource for HARQ-ACK could be determined by the number of CCEs and the index of first CCE of PDCCH reception on the CORESET with the lowest CORESET ID.
Proposal 9: For PDSCH scheduled by DCI without TCI field: 
· If a UE support m-TRP PDSCH transmission scheme defined in Rel-16, the PDSCH beam is determined by the beams of the both scheduling CORESETs
· Otherwise, the PDSCH beam is determined by one of the beams of the both scheduling CORESETs

Proposal 10: Use starting symbol of the monitoring occasion corresponding agreed reference PDCCH candidate as reference point of staring symbol for PDSCH mapping type B when ReferenceofSLIV-ForDCIFormat1_2 is configured. 
Proposal 11: Single-TRP PDCCH transmission with 2 repetition can be realized by agreed framework. However, it is not mature to decide to use agreed framework for specifying single TRP PDCCH repetition scheme.
Proposal 12: Support Option 3, i.e. separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc or result in the same outcome.

Proposal 13: For Option 3, each DCI is transmitted independently as a R15 PDCCH candidate in valid CORESET with the corresponding TCI.

Proposal 14: Use sequence number to identify the DCIs serving the same purpose. 

Proposal 15: If multiple DCIs serving the same purpose can be sent out at different time, introduce in each DCI a timing offset to the time the last DCI is sent to avoid timing ambiguity. 

Proposal 16: Confirm the work assumption for intra-slot PUCCH repetition with a modification which is deleting the word ‘consecutive’.
Proposal 17: Consider the multiplexing of UCI to support UCI repetition in different PUCCH resources within a slot or different slots.

Proposal 18: For UCI repetition with multiple PUCCH resources, configure multiple PUCCH resources by RRC for periodic UCI, semi-persistent CSI, SR or HARQ-ACK corresponding to SPS PDSCH, and further study how to indicate multiple PUCCH resource by the scheduling DCI for HARQ-ACK with DCI scheduling.
Proposal 19: Delay the later PUCCH repetition to ensure there is enough time for beam switching for two adjacent repetitions with different beams when the gap between the two adjacent repetitions is smaller than the minimal switching time.
Proposal 20: Support Option 1, 3 and 4 while Option 3 is preferred.

Proposal 21: Determine two P0 values and two pathloss reference RSs for PUCCH with repetition in FR1 from the following two options.
· Option 1: Add a new p0-Set and a new PUCCH-PathlossReferenceRS in RRC signalling.

· Option 2:  Determine two P0 values from two different p0-PUCCH IDs of p0-Set and determine two pathloss reference RSs from two different pucch-PathlossReferenceRS IDs of PUCCH-PathlossReferenceRS.
Proposal 22: Perform frequency hopping across PUCCH repetition per beam.

Proposal 23: One spatial relation and PL-RS for PUSCH scheduled by DCI format 0_0 need to be determined if a PUCCH resource with lowest ID is activated with two spatial relations. And the spatial relation could be determined by:

· the spatial relation with a lower SpatialRelationInfoId activated for the PUCCH resource with the lowest ID

· or the first spatial relation activated for the PUCCH resource with the lowest ID

Proposal 24: Support the way of dropping symbols of two adjacent PUSCH repetitions with different beams in order to make sure the time for beam switching.
Proposal 25: Study how to determine the dropped symbols and determine whether the dropped symbols of PUSCH repetition Type B are invalid symbols or not.
Proposal 26: Support Option 1, 3 and 4 while Option 3 is preferred.
Proposal 27: Support Alt. 1 on linking SRI fields to two power control parameters.
Proposal 28: Study how to determine two power control parameter sets for a PUSCH with repetitions when there is no SRI filed in the scheduling DCI.
Proposal 29: Support two open-loop power control parameter set indications to independently switching the P0 value targeting for the two TRPs.
Proposal 30: Perform frequency hopping across PUSCH repetition per beam.
Proposal 31: Reuse the schemes or the principle of DG PUSCH repetition enhancement for the single configuration CG PUSCH repetition.
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