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Introduction
In RAN1#102-e, following agreements were made for MTRP for reliability. 
	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 non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

Agreement
For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM : Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM : Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states
· SFN : PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Note: There is dependency between this scheme and AI 2d (HST-SFN )
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.

Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 
Agreement
For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 
Agreement 
To improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel, consider all PUCCH formats. 

Agreement
To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 
· Method of configuration/activation of multiple spatial relation info
· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 
· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.

Agreement
For configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  
· Alt.1: Use Rel-15 like framework
· Alt.2: Dynamic indication of the number of PUCCH repetitions 

Agreement 
For multi-TRP PUCCH transmission, further investigate required power control enhancement. 

Agreement 
Further study M-TRP CG PUSCH reliability enhancements in Rel-17. 

Agreement 
Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,
· Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.
· Alt.2: supporting only inter-slot repetition
· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  
· Note2: The alternatives are clarified as below,
· inter-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI .
· intra-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 
· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams

Agreement 
For M-TRP PUSCH reliability enhancement, support single DCI based PUSCH transmission/repetition scheme(s). 
· Further study multi-DCI based PUSCH transmission/repetition scheme(s) to identify potential gains and required enhancements. 
· Note: This agreement does not reflect any prioritization of single DCI based PUSCH transmission/repetition over multi-DCI based PUSCH transmission/repetition. Ran1 can further discuss that in the next meeting.  

Agreement 
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme

Agreement
To support single DCI based M-TRP PUSCH repetition scheme(s), up to two beams are supported. RAN1 shall further study the details considering, 
1. Codebook based and non-codebook based PUSCH  
1. Enhancements on SRI/TPMI/power control parameters/any other 
Note1: Companies are encouraged to provide additional details on how above enhancements are applied to different PUSCH repetitions (e.g. mapping between PUSCH repetitions and beams)
Note2: Studying enhancements/aspects related to TA is not precluded.

Agreement
On the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, further study the following, 
· For both PUSCH repetition Type A and B, how the beams are mapped to different PUSCH repetitions (or slots/frequency hops),
· Alt.1: cyclical mapping pattern (the first and second beam are applied to the first and second PUSCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.2: sequential mapping pattern (the first beam is applied to the first and second PUSCH repetitions, and the second beam is applied to the third and fourth PUSCH repetitions, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.3: Half-Half pattern (the first beam is applied to the first half of PUSCH repetitions, and the second beam is applied to the second half of PUSCH repetitions) 
· Alt.34: Other variants (e.g. configurable mapping patterns)
· Note1: For PUSCH repetition type B, the variants considering slot level beam mapping with the same mapping principals (replacing repetition with slot) in Alt.1/2/3 are also included. 
· Note2: For PUSCH repetition type A and B with frequency hopping, the variants considering frequency hop level beam mapping with the same mapping principals (replacing repetition with frequency hop) in Alt.1/2/3 can also be studied further. Final selection of such schemes also depends on the number of beams allowed per PUSCH repetition. 
· For PUSCH repetition Type B, which repetition type that the beams shall consider for the mapping,
· Alt.1: beams are mapped to the nominal repetitions
· Alt.2: beams are mapped to the actual repetitions
· Alt.3: beams are mapped to different slots (not in the granularity of actual/nominal repetition)
· Alt.4: Other variants
· Consider additional requirements on switching gap(s) between two PUSCH repetitions towards different TRPs considering beam switching latency aspects.
· Note: use of the above solutions to multi-DCI based PUSCH repetition and TDMed PUSCH transmission without repetition (when there are agreed to support) is not precluded. 


In NR Rel-16, different repetition schemes are discussed and supported for PDSCH repetition over multiple TRPs. In this contribution, we discuss repetition over multiple TRPs for PDCCH/PUCCH/PUSCH to improve reliability and robustness. 

 PDCCH repetition over multiple TRPs
In RAN1#102-e, following alternatives to enable a PDCCH transmission/repetition with two TCI states were agreed to be further studied.
· Alt. 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt. 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt. 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Alt. 2: One SS set associated with two different CORESETs
· Alt. 3: Two SS sets associated with corresponding CORESETs
For Alt. 1-1, there can be following two sub-alternatives:
· Alt. 1-1a: one PDCCH candidate is associated with both TCI states, and different symbols/REs/REGs of the candidate are associated with different TCI states, respectively
· Alt. 1-1b: one PDCCH candidate is associated with both TCI states, and each RE of the candidate is associated with both TCI states.
For PDCCH reliability enhancement, TDM/FDM/SFN multiplexing schemes were agreed to be further studied. And for non-SFN scheme, following options were agreed for further study.
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
In Table 1, we summarized possible combinations of alt 1-1/1-2/1-3/2/3 and option 1/2/3 and their applicability to TDM/FDM/SFN schemes. The potential spec. impact, pros and cons of each combination is also provided.
Table 1: Combinations of alt1/2/3 and option1/2/3
	
	Option1
	Option2
	Option3

	Alt. 1-1a
	Apply to TDM/FDM;
Spec impact: 
· Configure one CORESET with two TCI states
· Associate TCI state and symbols/REs/REGs/CCEs
	Not possible
	Not possible

	Alt. 1-1b
	Not possible
	Not possible
(Note: Apply to SFN with repetition)
	Not possible

	Alt. 1-2
	Not possible
	Apply to FDM
Spec impact: 
· Configure one CORESET with two TCI states
· Associate TCI state and PDCCH candidate
Pros: save number of CORESETs

	Alt. 1-3
	Not possible
	Apply to TDM/FDM
Spec impact: 
· Configure one CORESET with two TCI states
· Associate TCI states and SS
Pros: save number of CORESETs

	Alt. 2
	Not possible
	Apply to TDM/FDM
Spec impact: Procedure of PDCCH candidate determination and overbooking
Cons: CORESET overhead. No clear benefit.

	Alt. 3
	Not possible 
	Apply to TDM/FDM
Pros: less spec. impact
Cons: CORESET overhead.



It is observed that alt. 1-1-a is the only alternative that applicable to no repetition scheme. It can be further studied if performance gain is observed from no repetition scheme. 
Alt. 1-1-b is the only alternative that applicable to SFN multiplexing scheme, thus, Alt. 1-1-b should be supported for HST-SFN scenario.
With alt. 1-2, since different PDCCH candidates are associated with different TCI states, it is only applicable to FDM multiplexing scheme. Considering that TDM scheme is important for UEs that not capable of simultaneous Rx of multiple beams, alt.1-2 is not preferred.
Alt. 1-3, alt. 2 and alt. 3 are applicable to both TDM and FDM. Comparing the three alternatives, alt. 1-3 has the benefit of saving number of CORESETs, and alt. 3 has the benefit of less spec. impact, while no clear benefit is found in alt.2. Thus, alt. 1-3 and alt. 3 can be down selected for TDM and FDM PDCCH repetition/multi-chance transmission. Alt.2 is not preferred.
Proposal 2-1:
· Alt. 1-1-b, i.e. one PDCCH candidate is associated with both TCI states for the CORESET, and each RE of the candidate is associated with both TCI states, should be supported for SFN scheme. 
· Alt. 1-1-a, i.e. one PDCCH candidate is associated with both TCI states for the CORESET, and different symbols/REs/REGs of the candidate are associated with different TCI states, respectively, can be further studied for no repetition scheme.
· Down select from Alt. 1-3 and Alt. 3 for TDM/FDM repetition/multi-chance scheme.
· Do not support Alt. 1-2 and Alt. 2.

Comparing option2 (PDCCH repetition) with option3 (multi-chance PDCCH transmission), option2 can achieve the benefit of soft combining gain. Link-level simulation is performed to evaluate the performance gain of PDCCH repetition over multiple TRPs. The simulation assumptions are given in Table A-1. At the receiver, two ways of handling repetitions are considered; one is soft combining, the other is selection (i.e., decoded individually and if at least one is correctly decoded, the PDCCH is considered as successfully received). Fig.1 shows the performance of 4GHz for following two cases. 
· Case 1: single PDCCH with AL=8, 2 repetitions using AL=4 with soft-combining and selection
· Case 2: single PDCCH with AL=16, 2 repetitions using AL=8 with soft-combining and selection
The results show that the BLER performances of 2 repetitions using AL=4 with soft combining outperforms that of single PDCCH with AL=8. It also can be observed for Case 2, of which AL=8 with soft combining obtains better performance than single PDCCH with AL=16. With lower BLER e.g. BLER=10-5, the gain becomes bigger. Specifically, for Case 1, the required SNR for achieving BLER=10-5 for AL4 x 2 with precoder-cycling is 1.0 dB lower than that for AL8. For Case 2, improvement of 1.0 dB is observed between AL8 x 2 with precoder-cycling and AL16. In contrast to soft combining, the BLER performances of 2 repetitions using AL=8 with selection does not outperform that of single PDCCH with AL=16 when BLER is higher than 10-4. However, when it comes to BLER lower than 10-5, AL8 x 2 with precoder-cycling achieves similar performance to AL16.
[image: ] [image: ]
Case 1	                           			  Case 2
Figure 1	BLER performances of PDCCH repetitions.

Observation 2-1:
· Compared with single-TRP transmission, PDCCH repetitions over 2 TRPs with soft combining requires 1.0 dB lower SNR for achieving BLER=10-5, while PDCCH repetitions with selection does not outperform single PDCCH transmission.
Proposal 2-2:
· At least option2, i.e. PDCCH repetition, should be supported.

For Alt 1-2/1-3/2/3, following cases were agreed for further study.
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
For PDCCH repetition with the same DCI payload across slots, only case 1 is applicable so that UE can determine correct slot offset K0/K1/K2. From the above analysis, PDCCH repetition can achieve soft combining gain, thus, at least case1 should be supported for PDCCH repetition.
Proposal 2-3:
· At least case1, i.e. two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding), should be supported for PDCCH repetition.

 PUSCH repetition over multiple TRPs
In RAN1#102-e, single DCI based M-TRP PUSCH repetition was supported. For single-DCI based MTRP PUSCH Tx, both codebook based and non-codebook based PUSCH Tx were agreed to be considered. For codebook based PUSCH Tx, different beams via SRIs can be indicated and applied across repetitions. For non-codebook based PUSCH Tx, different precoders via SRIs can be indicated and applied across repetitions. To indicate multiple SRIs in a single DCI, following methods can be considered:
· Option1: Indicate multiple SRI fields in DCI. This option may cause large DCI overhead.
· Option2: Each codepoint of SRI field in DCI corresponds to a combination of multiple SRIs configured by RRC or activated by MAC CE. With option2, if the configuration for the codepoints of SRI field includes all the possible combinations of SRIs, the DCI overhead is the same as option1. To reduce overhead, limited combinations can be configured/activated, however, it will reduce the flexibility of beam indication. Thus, option2 is not preferred.
Considering different channel conditions between UE and multiple TRPs, different TPMI can be indicated for different TRPs. For single-DCI based MTRP PUSCH Tx, multiple TPC command fields can be also indicated in DCI.
[bookmark: _Hlk47531997]In addition to SRI and TPMI, TPC command indication may also need enhancement. In Rel-16 PUSCH power control, TPC command in UL scheduling DCI adjusts PUSCH Tx power in the corresponding close loop index l. If SRI-PUSCH-PowerControl is provided, closed loop index l is determined from the SRI field indicated in DCI and the mapping between SRI values and l values configured via RRC. Based on above discussion, for single-DCI based MTRP PUSCH Tx, different SRIs can be indicated and applied across repetitions. Considering different channel conditions between UE and different TRPs, separate close loop power control is needed for different TRPs. Thus, for single-DCI based MTRP PUSCH Tx, multiple TPC command fields can be indicated in DCI.
Proposal 3-1:
· For single DCI based M-TRP PUSCH repetition, consider multiple fields of SRI, TPC command, TPMI in DCI.

On the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition, following alternatives were agreed for further study:
· Alt.1. cyclical mapping
· Alt.2. sequential mapping
· Alt.3. half-half mapping
Considering the number of beam switching between repetitions, alt.3 requires the least number of beam switching, while alt.1 requires the most beam switching. On the other hand, in case that all repetitions to the first TRP may not be decoded successfully, alt.1 may achieve the lowest latency, while alt.3 may cause highest latency. In Rel-16, for M-TRP PDSCH repetitions, both cyclical mapping and sequential mapping are supported and can be configured by RRC signaling. Similar mechanism can be reused for PUSCH.
Proposal 3-2:
· For M-TRP PUSCH repetition, at least cyclical and sequential mapping are supported and can be configured by RRC signaling

For PUSCH repetition Type B, following alternatives were agreed to be further studied for the mapping.
· Alt.1: beams are mapped to the nominal repetitions 
· Alt.2: beams are mapped to the actual repetitions 
· Alt.3: beams are mapped to different slots 
In Rel-16, for frequency hopping, in case of inter-repetition frequency hopping for PUSCH repetition Type B, frequency hopping is applied to nominal repetitions. Similar mechanism as frequency hopping can be considered for beam switching, i.e., beams are mapped to nominal repetitions.
In addition, considering PUSCH power control, in case of PUSCH repetition Type B, a PUSCH transmission occasion is a nominal repetition. Since different power control parameters may be applied to different beams, if beams are mapped to actual repetitions, it may cause additional spec. impact on PUSCH power control. Similar problem exists in alt.3 since a nominal repetition may split into actual repetitions at the slot boundary. Thus, Alt.1 is preferred.
Proposal 3-3:
· For PUSCH repetitions B, beams are mapped to nominal repetitions.

For multiple DCI based MTRP PUSCH repetition, by gNB implementation, same HARQ process number and same NDI can be indicated in the multiple DCIs while different resource allocations as well as different SRIs can be indicated. It can be supported with little spec. impact.
Proposal 3-4:
· Support multiple DCI based M-TRP PUSCH repetition.

In Rel-15/16, for CB based PUSCH Tx, one CB SRS resource set with at most two SRS resources can be configured, and for NCB based PUSCH Tx, one NCB SRS resource set with at most four SRS resources can be configured. For M-TRP PUSCH repetition, considering flexibility of beam indication, more SRS resources or SRS resource sets, e.g. two CB SRS resources for each TRP, may need to be configured. With increasing number of SRS resources or SRS resource sets, to reduce DCI overhead, association between SRS resources or SRS resource sets with TRPs can be configured. For multiple DCI based PUSCH transmission/repetition, the SRI filed in UL grant DCI associated with a CORESETPoolIndex is mapped to the SRS resources associated with the corresponding TRP. For single DCI based PUSCH repetition, the multiple SRI fields in DCI are mapped to different SRS resources associated with multiple TRPs, respectively.
Proposal 3-5:
· Association between SRS resources or SRS resource sets with usage CB/NCB and TRPs can be configured. 
· For multiple DCI based PUSCH transmission/repetition, the SRI filed in UL grant DCI associated with a CORESETPoolIndex is mapped to the SRS resources associated with the corresponding TRP.
· For single DCI based PUSCH repetition, the multiple SRI fields in DCI are mapped to different SRS resources associated with multiple TRPs, respectively.
 PUCCH repetition over multiple TRPs
To support PUCCH repetition over multiple TRPs, different spatial relations across PUCCH repetitions should be configured/indicated. Following two options can be considered.
· Option 1: The same PUCCH resource is used for repetitions and multiple spatial relations are configured/ activated for a PUCCH resource.
· Option 2: Different PUCCH resources with different spatial relations are used for repetitions.
For Option 1, multiple spatial relation info can be configured or activated for a PUCCH resource and applied for different repetitions. To reduce overhead, the multiple spatial relation info can be also configured or activated across multiple PUCCH resources, e.g. for a set of PUCCH resources or for all the PUCCH resources on a BWP.
For Option 2, a PUCCH resource is configured/activated with a spatial relation info like Rel-16 but multiple PUCCH resources can be indicated and applied for different repetitions. To indicate multiple PUCCH resources, there are following options.
· Option 2-1: Indicate multiple PRI fields in DCI. This option will cause large DCI overhead.
· Option 2-2: One PRI field is indicated in DCI like Rel-15/16, but the PRI field corresponds to a combination of multiple PUCCH resources configured by RRC/activated by MAC CE. This option has no impact on DCI but will limit flexibility of PUCCH resource selection.
From above analysis, option1 is preferred.
Proposal 4-1:
· To enable PUCCH repetition with M-TRP, the same PUCCH resource is used for repetitions and multiple spatial relations are configured/ activated for a PUCCH resource.
In Rel-16, for M-TRP PDSCH repetition, cyclical and sequential mapping between repetitions and TCI states were supported. Similar mechanism can be used for PUCCH repetition with M-TRP.
[bookmark: _Hlk53502124]Proposal 4-2:
· Cyclical and sequential mapping between multiple spatial relation infos and PUCCH repetitions can be considered.
In addition to spatial relation indication, power control for PUCCH may also need enhancement. For PUCCH power control, the closed loop index l is determined from the spatial relation of the indicated PUCCH resource based on the mapping between spatial relation and l values. Separate close loop power control is needed for different TRPs. Thus, DCI format for DL grant need to be enhanced to indicate multiple TPC command fields.
Proposal 4-3:
· For M-TRP PUCCH repetition, multiple TPC command fields can be indicated in DCI.
It was agreed that for configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  
· Alt.1: Use Rel-15 like framework
· Alt.2: Dynamic indication of the number of PUCCH repetitions
For M-TRP PUCCH repetition, at least Rel-15 framework, i.e. number of repetitions is configured semi-statically, can be reused. Meanwhile, since dynamic indication can provide more flexibility, it is beneficial to support dynamic indication. Considering dynamic indication is also discussed in URLLC WI, details of the dynamic indication can be decided in URLLC WI, and the similar mechanism can be applied to PUCCH repetitions with M-TRP.
Proposal 4-4:
· Both Rel-15 like semi-static configuration and dynamic indication of number of PUCCH repetitions should be supported.
In RAN1#102-e, it was agreed that all PUCCH formats should be considered for M-TRP PUCCH repetitions. And inter-slot and intra-slot repetition are for further study.
Inter-slot PUCCH repetition was supported in Rel-15 and applied to PUCCH format 1/3/4. It can be easily extended to PUCCH format 0 and 2. Intra-slot repetition is beneficial to reduce latency and can be applied to at least short PUCCH format. Considering that a slot may not accommodate multiple repetitions with long PUCCH format, whether to support intra-slot repetition for long PUCCH format can be further studied. 
Proposal 4-5:
· Support inter-slot M-TRP PUCCH repetition for all PUCCH formats.
· Support intra-slot M-TRP PUCCH repetition for at least short PUCCH formats.

Conclusion
In this contribution, we discussed the reliability and robustness enhancements for simultaneous multi-TRP transmission for PDCCH, PUSCH, and PUCCH. We have following observations and proposals.
Proposal 2-1:
· Alt. 1-1-b, i.e. one PDCCH candidate is associated with both TCI states for the CORESET, and each RE of the candidate is associated with both TCI states, should be supported for SFN scheme. 
· Alt. 1-1-a, i.e. one PDCCH candidate is associated with both TCI states for the CORESET, and different symbols/REs/REGs of the candidate are associated with different TCI states, respectively, can be further studied for no repetition scheme.
· Down select from Alt. 1-3 and Alt. 3 for TDM/FDM repetition/multi-chance scheme.
· Do not support Alt. 1-2 and Alt. 2.
Observation 2-1:
· Compared with single-TRP transmission, PDCCH repetitions over 2 TRPs with soft combining requires 1.0 dB lower SNR for achieving BLER=10-5, while PDCCH repetitions with selection does not outperform single PDCCH transmission.
Proposal 2-2:
· At least option2, i.e. PDCCH repetition, should be supported.
Proposal 2-3:
· At least case1, i.e. two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding), should be supported for PDCCH repetition.
Proposal 3-1:
· For single DCI based M-TRP PUSCH repetition, consider multiple fields of SRI, TPC command, TPMI in DCI.
Proposal 3-2:
· For M-TRP PUSCH repetition, at least cyclical and sequential mapping are supported and can be configured by RRC signaling
Proposal 3-3:
· For PUSCH repetitions B, beams are mapped to nominal repetitions.
Proposal 3-4:
· Support multiple DCI based M-TRP PUSCH repetition.
Proposal 3-5:
· Association between SRS resources or SRS resource sets with usage CB/NCB and TRPs can be configured. 
· For multiple DCI based PUSCH transmission/repetition, the SRI filed in UL grant DCI associated with a CORESETPoolIndex is mapped to the SRS resources associated with the corresponding TRP.
· For single DCI based PUSCH repetition, the multiple SRI fields in DCI are mapped to different SRS resources associated with multiple TRPs, respectively.
Proposal 4-1:
· To enable PUCCH repetition with M-TRP, the same PUCCH resource is used for repetitions and multiple spatial relations are configured/ activated for a PUCCH resource.
Proposal 4-2:
· Cyclical and sequential mapping between multiple spatial relation infos and PUCCH repetitions can be considered.
Proposal 4-3:
· For M-TRP PUCCH repetition, multiple TPC command fields can be indicated in DCI.
Proposal 4-4:
· Both Rel-15 like semi-static configuration and dynamic indication of number of PUCCH repetitions should be supported.
Proposal 4-5:
· Support inter-slot M-TRP PUCCH repetition for all PUCCH formats.
· Support intra-slot M-TRP PUCCH repetition for at least short PUCCH formats.
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Appendix

· Table A-1: Link level simulation assumptions for PDCCH
	Parameter
	Value

	Carrier Frequency
	4 GHz

	Sub-carrier Spacing
	30kHz

	Path-loss modeling
	0 dB gap between TRPs

	Modulation
	QPSK

	Channel Coding
	Polar code

	DCI payload
	40+24(CRC)=64

	Aggregation Level
	4, 8, 16

	Control Resource Set (CORESET) configuration
	Time-domain duration
	1 OFDM symbol

	
	CORESET Bandwidth
	20 MHz

	
	CCE-to-REG mapping
	Interleaved (Interleaver row: 2)

	
	REG-bundle size
	6

	
	Precoder granularity
	REG-bundle

	
	Resource mapping
	Distributed transmission

	Transmission Diversity Scheme
	1-port Precoder Cycling

	DMRS density
	1/4; symbol #1, #5, #9 within each REG

	Channel Model
	TDL-C, UE spread 3 km/h
Delay spread: 30 ns for 4 GHz

	gNB antenna configuration
	2Tx

	UE antenna configuration
	4Rx for 4GHz

	Channel Estimation
	MMSE

	Noise Estimation
	Ideal
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