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Introduction
In RAN1#103-e, following agreements were made for MTRP for reliability. 
	Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x
Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).
Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).

Conclusion
Group-common DCI formats (DCI formats 2_x) are not precluded for multi-TRP PDCCH reliability enhancements and can be discussed with a lower priority compared to UE-specific DCI formats.
Note: Enhancements required for DCI formats 2_x, if any, can be discussed case-by-case.
Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.
Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

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

Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)

Agreement
For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 
· Increase the maximum number of SRS resource sets to two, and associated CSI-RS resource can be configured per SRS resource set. 
· FFS: Enhancements on SRI field in DCI to indicate the two beams for repetitions 

Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1

Agreement
For configuration/indication of the number of PUCCH repetitions for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  
· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting.  

Agreement
For single DCI based M-TRP PUSCH repetition Type B, at least nominal repetitions are used to map beams 
· Further study details and applicability of each mapping method
· Further study the slot based beam mapping in the cases of nominal repetition across slot boundaries

Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  
· Option.1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
· FFS: Transition period for beam / power / frequency change.

Agreement
Support both type 1 and type 2 CG PUSCH transmission towards MTRP. Further study the following alternatives, 
· Alt.1 : single CG configuration 
· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.
· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Alt.2 : multiple CG configurations 
· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.
· 1 SRI/TPMI is configured/indicated for each CG configuration.
· Further study required beam mapping principals, low overhead mechanisms for beam selection, and other enhancements for Alt.1 and Alt.2.  

Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  

Agreement
For M-TRP PUSCH reliability enhancement, further discuss multi-DCI based PUSCH transmission/repetition scheme(s) considering the following aspects.  
· The same TB is repeated towards multiple TRPs with different beams, where one or more PUSCH repetitions are scheduled by one DCI and another one or more PUSCH repetitions are scheduled by another DCI. 
· FFS: Details related to timeline restrictions and beam mapping  
· Changes on Rel-15/16 MCS, TBS determination, and UL resource allocation are not expected from this scheme.
· The scheme is considered to be supported only if there are gains over single DCI based PUSCH repetition schemes and a similar scheme is not supported by m-TRP PDCCH (e.g. Option 3). 
Companies are encouraged to provide simulation results to decide the support of the scheme in next RAN1 meetings
The support of multi-DCI based PUSCH transmission/repetition scheme(s) in Rel-17 will be decided in RAN1#104-e

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

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

Agreement
For single DCI based M-TRP PUSCH repetition Type A and B, further study required enhancements on PTRS-DMRS association.

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

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

Agreement
LS to RAN4 on beam switching gaps for multi-TRP UL transmission is endorsed in R1-2009807.


In this contribution, we discuss repetition over multiple TRPs for PDCCH/PUCCH/PUSCH to improve reliability and robustness. 

 PDCCH repetition over multiple TRPs
SFN scheme
For PDCCH repetition, SFN scheme + Alt.1-1 was supported in RAN1#103e. New MAC CE can be introduced for PDCCH TCI state indication. With the new MAC CE, a CORESET can be indicated with one or two TCI states so that dynamic switching between S-TRP PDCCH transmission and M-TRP PDCCH repetition can be supported by switching of CORESETs.
Proposal 2-1:
· For SFN scheme, support one CORESET indicated with one or two TCI states via MAC CE.
In Rel-15/16, TCI state of PDCCH can be used as default beam for PDSCH/PUCCH/PUSCH/SRS. If one CORESET is indicated with two TCI states, for S-TRP PDSCH/PUCCH/PUSCH/SRS transmission, new rules need to be defined to determine one of the TCI states of PDCCH as default beam for PDSCH/PUCCH/PUSCH/SRS, e.g. TCI state with lowest ID of the CORESET. Furthermore, S-DCI based M-TRP PDSCH repetition was supported in Rel-16, and S-DCI based M-TRP PUCCH and PUSCH repetition is supported in Rel-17. With CORESET indicated with two TCI states, two default beams from the two TCI states for M-TRP PDSCH/PUCCH/PUSCH repetition can be supported.
Proposal 2-2:
· If a CORESET is indicated with two TCI states, for S-TRP PDSCH/PUSCH/PUCCH/SRS, define rules to determine one of the TCI states of the CORESET used as default beam for PDSCH/PUSCH/PUCCH.
· If a CORESET is indicated with two TCI states, support two TCI states of the CORESET used as default beams for M-TRP PDSCH/PUSCH/PUCCH repetition.
In Rel-15/16, for RLM/BFD, when detection RS set is not provided, RSs in TCI states for CORESETs are used as RLM/BFD detection RS. When a CORESET is indicated with two TCI states, for RLM and per cell BFD, RSs in both TCI states of the CORESET can be used as detection RS so that channel condition between UE and both TRPs are taken into account. Furthermore, when detection RS set is explicitly provided, for the same reason, it is beneficial that the RS set includes RSs in both TCI states of a CORESET. How to ensure the detection RS set includes RSs in both TCI states of a CORESET can be further studied. In addition, per TRP BFD/BFR is studied in Rel-17, whether per TRP BFD/BFR is supported with SFN PDCCH repetition scheme can be further studied.
Proposal 2-3:
· For RLM and per cell BFD, when RLM/BFD RS set is not explicitly provided, for a CORESET indicated with two TCI states, RSs in both TCI states are used as RLM/BFD RS.
· For RLM and per cell BFD, when RLM/BFD RS set is explicitly provided, for a CORESET indicated with two TCI states, study how to ensure the detection RS set includes RSs in both TCI states of a CORESET.
· Further study whether per TRP BFR is supported with SFN PDCCH repetition scheme.
Non-SFN scheme
For non-SFN PDCCH repetition scheme, working assumption to support alt.3 (two SS sets with corresponding CORESETs) was made in RAN1#103e. Compared with other alternatives, alt.3 is flexible to support separate SS set configuration and CORESET configuration for each TRP. The working assumption should be confirmed, and  we can further study other issues based on alt.3.
Proposal 2-4:
· Confirm the following working assumption:
· For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).
In RAN1#103e meeting, explicit linkage between two PDCCH candidates was supported. It is simpler and sufficient that two PDCCH candidate are linked by fixed rule based on same PDCCH candidate index. Meanwhile, the two SS sets with linkage should be configured with same periodicity, so that one to one mapping between PDCCH monitoring occasions of repetitions in two SS sets can be ensured.
Proposal 2-5:
· Support linkage between two PDCCH candidates via fixed rule based on same PDCCH candidate index. 
Proposal 2-6:
· Two SS sets for PDCCH repetition should be configured with the same periodicity. 
With respect to complexity associated with PDCCH decoding, it was agreed in RAN1#103e meeting to further discuss the following assumptions.
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate 
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
With assumption 1 UE can only decode PDCCH at the monitoring occasion of the second PDCCH candidate, which leads to larger latency in case of TDM PDCCH repetition. Regarding assumption 4, it is not necessary to decode two PDCCH candidates three times and it will lead to high complexity. Thus, assumption 1 and assumption 4 are not preferred. 
For assumption2 and assumption3, link-level simulation is performed to evaluate the performance gain of PDCCH repetition over multiple TRPs with soft-combining and selective decoding. The simulation assumptions are given in Table A-1. Figure 2-1 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.
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Case 1	                           			  Case 2
Figure 2-1	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.
From simulation results, it is observed that at 4GHz PDCCH repetitions with selective decoding does not outperform single PDCCH transmission. Thus, at least assumption 3 with soft combining should be supported. Considering UE capability of soft combining, assumption2 with selective decoding can also be considered. Regarding complexity of decoding, from our perspective, for both assumption 2 and assumption 3, two units are required when counting toward BD limits. 
Proposal 2-7:
· Support assumption 2 and assumption 3 for PDCCH decoding.
· Both assumption 2 and assumption 3 require two units when counting toward BD limits.
Since from the simulation results, at 4GHz, selective decoding does not outperform single transmission, UE capability of whether soft combining is supported should be reported. Therefore, for UE capability of PDCCH repetition, a default capability e.g. selective decoding can be defined, and additionally UE capability of whether soft combining is supported should be reported.
Proposal 2-8:
· A default capability e.g. selective decoding can be defined for PDCCH repetition, and additionally UE can report whether soft combining is supported. 
For PDCCH overbooking procedure, in Rel-15/16, PDCCH candidates are allocated based on the order of SS set index. For PDCCH repetition with PDCCH candidates in two SS sets, with legacy procedure, it is possible that one of the PDCCH candidate is allocated while the other is dropped. However, to achieve performance gain of MTRP PDCCH repetition, it is beneficial to ensure that two PDCCH candidates for repetition are both allocated. Considering that in PDCCH overbooking procedure PDCCH candidates are allocated per slot/span, in case two PDCCH candidates are within a same slot/span, PDCCH overbooking procedure can be enhanced that two PDCCH candidates with linkage for PDCCH repetition are allocated together. While in case two PDCCH candidates are in different slots/span, it is hard to ensure that two PDCCH candidates in two SS sets can be both allocated. Thus, whether to support inter-slot/inter-span TDM PDCCH repetition can be further studied first.
Proposal 2-9:
· In case two PDCCH candidates are within a same slot/span, PDCCH overbooking procedure can be enhanced that two PDCCH candidates with linkage for PDCCH repetition are allocated together.
· Further study whether to support inter-slot/inter-span PDCCH repetition.
In RAN1#103e, for non-SFN PDCCH repetition scheme, following alternatives were discussed for PUCCH resource determination for HARQ-ACK.
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
With alt.1, flexibility of CORESET configuration will be limited. Alt.3 will increase complexity of gNB since gNB need to monitor two PUCCH resources, and moreover, alt.3 leads to waste of PUCCH resource. Therefore, alt.2. is preferred. To select one of the linked PDCCH candidates, considering the issue exists in both TDM and FDM PDCCH repetition schemes, to have a unified rule, select one of the linked PDCCH candidates based on CORESET ID is preferred.
Proposal 2-10:
· For PUCCH resource determination, starting CCE index and number of CCEs of one of the linked PDCCH candidates selected based on CORESET ID is applied.
In Rel-15/16, if offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, default beam is applied for PDSCH. In case of TDM PDCCH repetition, the offset is determined between which PDCCH candidate and PDSCH needs to be clarified. Considering UE may not successfully decode the DCI at the first PDCCH candidate, it is reasonable that the offset is determined between the PDCCH candidate ending latest in time and the corresponding PDSCH. 
For the same reason, for out-of-order/in-order definition, it is reasonable that the end of PDCCH is determined based on the PDCCH candidate ending latest in time.
Proposal 2-11:
· Default beam is applied for PDSCH if offset between the reception of PDCCH candidate ending latest in time of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL
· For out-of-order/in-order definition, the end of PDCCH is determined based on the PDCCH candidate ending latest in time.
For Type-2 HARQ-ACK codebook, DAI is counted per PDCCH monitoring occasion. For TDM PDCCH repetition, since the two PDCCH repetition carry the same DCI payload, it is feasible that DAI indication in both PDCCH repetition is based on PDCCH candidate starting first in time. Furthermore, with explicit linkage, it is sufficient that two PDCCH candidates for repetition are counted once in DAI.
Proposal 2-12:
· For Type-2 HARQ-ACK codebook, DAI indication is based on PDCCH candidate starting first in time and two PDCCH candidates for repetition are counted once in DAI.
For rate matching of PDSCH around the scheduling DCI, considering that gNB should always transmit DCI on both PDCCH candidates for repetition to support soft combining, both linked PDCCH candidates for repetition should be rate matched for PDSCH.
Proposal 2-13:
· Both linked PDCCH candidates for repetition should be rate matched for PDSCH.

PUSCH repetition over multiple TRPs
For single-DCI based MTRP PUSCH repetition, both codebook based and non-codebook based PUSCH Tx were agreed to be considered. For codebook/non-codebook based PUSCH Tx, different beams/precoders via SRIs can be indicated and applied across repetitions. For M-TRP PUSCH repetition, a unified solution for SRI indication should be supported for CB and NCB PUSCH Tx schemes. For CB/NCB PUSCH Tx, to indicate two beams/precoders in a single DCI, following methods can be considered:
· Option1: Indicate two SRI fields in DCI. Indication of each SRI field is similar as Rel-16. For codebook based PUSCH Tx, each SRI field indicates an SRS resource for each TRP, respectively. For non-codebook based PUSCH Tx, each SRI field indicates a combination of SRS resources for each TRP, respectively.
· Option2: Indicate one SRI field in DCI. For codebook based PUSCH Tx, each codepoint of SRI field corresponds to two SRS resources for two TRPs, respectively. For non-codebook PUSCH Tx, each codepoint of SRI field corresponds to two combinations of SRS resources for two TRPs, respectively. For codebook/non-codebook PUSCH Tx, the mapping between each codepoint of SRI field and two SRS resources/two SRS resource combinations can be configured by RRC or activated by MAC CE. 
To achieve same flexibility of beam indication, DCI overhead of option2 is the same as option1. However option2 requires additional overhead of RRC or MAC CE to configure the mapping between each codepoint of SRI field and two SRS resources/two SRS resource combinations. Thus, indicating two SRI fields is preferred.
In RAN1#103e, it was agreed to increase the maximum number of SRS resource sets to two for both codebook and non-codebook based PUSCH Tx. With two SRS resource sets and two SRI fields, the mapping between two SRI fields and two SRS resource sets need to be studied and following options can be considered.
· Option1-1: each SRI field indicate is mapped to SRS resources in two SRS resource sets
· Option1-2: two SRI fields are mapped to two SRS resource sets, respectively
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Figure 3-1: example for option1-1            Figure 3-2: example for option1-2
Compared to option1-2, option1-1 leads to larger DCI overhead and also requires larger spec. impact especially for NCB PUSCH Tx to redefine the mapping between codepoints of SRI field and combinations of SRS resources. Thus, option1-2 is preferred.
Proposal 3-1:
· For single DCI based M-TRP PUSCH repetition, for both CB and NCB based PUSCH Tx, indicate two SRI fields in DCI.
· For both CB and NCB based PUSCH Tx, two SRI fields are mapped to two SRS resource sets, respectively
For CB based PUSCH, it was supported to indicate two TPMIs in single DCI. For similar reason as SRI indication, indicating two TPMI fields in DCI is preferred. 
Proposal 3-2:
· For single DCI based M-TRP PUSCH repetition, for CB based PUSCH Tx, indicate two TPMI fields in DCI.
[bookmark: _Hlk47531997]For PUSCH power control, it was agreed to further study following options when closedLoopIndex values are different for different TRPs.
· 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.
Option1 does not support different TPC values for different TRPs. Option2 can only adjust power control for one TRP at a time. Furthermore, option2 is not applicable when TPC field indicates absolute values. For option3 and option4, to achieve the same flexibility of TPC indication, the overhead is the same, while option4 additionally requires spec. impact to predefine mapping between codepoint of TPC field and two TPC values. Therefore, option3 is preferred.
Proposal 3-3:
· For single DCI based M-TRP PUSCH repetition, a second TPC field is added in DCI format 0_1/0_2.
Considering different channel condition between UE and different TRPs, it is also beneficial to support separate power control parameters for different TRPs for FR1. In R15/16, when SRI is not provided, P0-PUSCH, alpha, PL-RS, closedLoopIndex are determined by predefined rules, i.e., UE determines P0-PUSCH and alpha from the first P0-PUSCH-AlphaSet in p0-AlphaSets, UE obtains PL-RS with respective to PUSCH-PathlossReferenceRS-Id with index 0, and closedLoopIndex is 0. To support separate power control for different TRPs when SRI is not provided, new rules can be defined to determine two power control parameters. For M-TRP PUSCH repetitions, the same mapping pattern as beam mapping e.g. cyclic/sequential mapping can be applied for the mapping between different power control parameters and repetitions.
Proposal 3-4:
· For M-TRP PUSCH repetitions, when SRI is not provided, study new rules to determine two P0-PUSCH/alpha/PL-RS/closeloopIndex.
· Same mapping pattern as defined for beam mapping can be applied to the mapping between different power control parameters and repetitions
For both FR1 and FR2, at least semi-static configuration of switching between S-TRP and M-TRP PUSCH repetition can be supported. To support dynamic switching between S-TRP and M-TRP PUSCH repetition, additional DCI overhead is required. Whether to support dynamic switching between S-TRP and M-TRP PUSCH repetition can be further studied.
Proposal 3-5:
· Further study whether to support dynamic switching between S-TRP and M-TRP PUSCH repetition.
In RAN1#103e, CG PUSCH towards M-TRP was supported. And it was agreed to further study the following alternatives.
· Alt.1: single CG configuration 
· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.
· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Alt.2: multiple CG configurations 
· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.
· 1 SRI/TPMI is configured/indicated for each CG configuration.
Compared to alt.1, alt.2 requires more spec. impact to associate the multiple CG configurations for repetitions and has no clear benefit. Thus, alt.1 is preferred. Regarding mapping between multiple beams and repetitions with CG, same pattern as dynamic grant e.g. cyclic/sequential mapping can be applied.
Proposal 3-6:
· Support single CG configuration for repetitions towards M-TRP.
· Same mapping pattern as dynamic grant can be applied to the mapping between different beams and repetitions with CG.
PUCCH repetition over multiple TRPs
In RAN1#103e meeting, it was agreed to further study the support of intra-slot beam hopping and intra-slot repetition. Compared to inter-slot repetition, intra-slot beam hopping/repetition is beneficial to reduce latency. From companies’ simulation results in RAN1#103e [2], it was observed that similar performance gain can be achieved by intra-slot beam hopping and intra-slot repetition, thus, support one of intra-slot beam hopping and intra-slot repetition is sufficient.
Proposal 4-1:
· Support one of intra-slot beam hopping and intra-slot repetition. 
In RAN1#103e meeting, it was agreed to support PUCCH format 1/3/4 for inter-slot repetition and further study other PUCCH format. From our perspective, inter-slot repetition is also beneficial for PUCCH format 0/2 to increase reliability and can be supported. For intra-slot repetition, if the scheme is supported, it 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. For intra-slot beam hopping, since different sets of symbols within a PUCCH resource are transmitted with different beams, it can be supported for all PUCCH formats.
Proposal 4-2:
· Support inter-slot M-TRP PUCCH repetition for PUCCH format 0/2.
· Support intra-slot M-TRP PUCCH repetition for at least short PUCCH formats, if intra-slot repetition is supported.
· Support intra-slot M-TRP PUCCH beam hopping for all PUCCH formats, if intra-slot beam hopping is supported.
For MTRP PUCCH repetition, it was agreed to support activation of two spatial relation info per PUCCH resource via MAC CE. New MAC CE can be introduced for PUCCH spatial relation activation. With the new MAC CE, a PUCCH resource can be activated with one or two TCI states so that dynamic switching between S-TRP and M-TRP PUCCH repetition can be supported by switching of PUCCH resources.
Proposal 4-3:
· Support one PUCCH resource activated with one or two spatial relation infos via MAC CE.
For PUCCH power control, it was agreed to further study TPC command when closedLoopIndex values of two PUCCH spatial relation infos are different. For the same reason as above analysis in section3 for PUSCH power control, indicating two TPC fields in DCI is preferred. 
Proposal 4-4:
· For M-TRP PUCCH repetition, a second TPC field is added in DCI formats 1_1/1_2.
Considering different channel condition between UE and different TRPs, it is also beneficial to support separate power control parameters for different TRPs for FR1. In R15/16, when PUCCH spatial relation is not provided, P0-PUCCH, PL-RS, closedLoopIndex are determined by predefined rules, i.e., UE obtains p0-PUCCH-Value value from the P0-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set, UE obtains the referenceSignal value in PUCCH-PathlossReferenceRS from the pucch-PathlossReferenceRS-Id with index 0 in PUCCH-PathlossReferenceRS, and closedLoopIndex is 0. To support separate power control for different TRPs when PUCCH spatial relation is not provided, new rules can be defined to determine two power control parameters. For M-TRP PUCCH repetitions, the same mapping pattern as beam mapping e.g. cyclic/sequential mapping can be applied for the mapping between different power control parameters and repetitions.
Proposal 4-5:
· For M-TRP PUCCH repetition, when PUCCH spatial relation is not provided, study new rules to determine two P0-PUCCH/PL-RS/closeloopIndex.
· Same mapping pattern as defined for beam mapping can be applied to the mapping between different power control parameters and repetitions 
For FR1, at least semi-static configuration of switching between S-TRP and M-TRP PUCCH repetition can be supported. Whether to support dynamic switching between S-TRP and M-TRP PUCCH repetition can be further studied.
Proposal 4-6:
· For FR1, further study whether to support dynamic switching between S-TRP and M-TRP PUCCH repetition.

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:
· For SFN scheme, support one CORESET indicated with one or two TCI states via MAC CE.
Proposal 2-2:
· If a CORESET is indicated with two TCI states, for S-TRP PDSCH/PUSCH/PUCCH/SRS, define rules to determine one of the TCI states of the CORESET used as default beam for PDSCH/PUSCH/PUCCH.
· If a CORESET is indicated with two TCI states, support two TCI states of the CORESET used as default beams for M-TRP PDSCH/PUSCH/PUCCH repetition.
Proposal 2-3:
· For RLM and per cell BFD, when RLM/BFD RS set is not explicitly provided, for a CORESET indicated with two TCI states, RSs in both TCI states are used as RLM/BFD RS.
· For RLM and per cell BFD, when RLM/BFD RS set is explicitly provided, for a CORESET indicated with two TCI states, study how to ensure the detection RS set includes RSs in both TCI states of a CORESET.
· Further study whether per TRP BFR is supported with SFN PDCCH repetition scheme.
Proposal 2-4:
· Confirm the following working assumption:
· For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).
Proposal 2-5:
· Support linkage between two PDCCH candidates via fixed rule based on same PDCCH candidate index. 
Proposal 2-6:
· Two SS sets for PDCCH repetition should be configured with the same periodicity. 
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 2-7:
· Support assumption 2 and assumption 3 for PDCCH decoding.
· Both assumption 2 and assumption 3 require two units when counting toward BD limits.
Proposal 2-8:
· A default capability e.g. selective decoding can be defined for PDCCH repetition, and additionally UE can report whether soft combining is supported. 
Proposal 2-9:
· In case two PDCCH candidates are within a same slot/span, PDCCH overbooking procedure can be enhanced that two PDCCH candidates with linkage for PDCCH repetition are allocated together.
· Further study whether to support inter-slot/inter-span PDCCH repetition.
Proposal 2-10:
· For PUCCH resource determination, starting CCE index and number of CCEs of one of the linked PDCCH candidates selected based on CORESET ID is applied.
Proposal 2-11:
· Default beam is applied for PDSCH if offset between the reception of PDCCH candidate ending latest in time of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL
· For out-of-order/in-order definition, the end of PDCCH is determined based on the PDCCH candidate ending latest in time.
Proposal 2-12:
· For Type-2 HARQ-ACK codebook, DAI indication is based on PDCCH candidate starting first in time and two PDCCH candidates for repetition are counted once in DAI.
Proposal 2-13:
· Both linked PDCCH candidates for repetition should be rate matched for PDSCH.
Proposal 3-1:
· For single DCI based M-TRP PUSCH repetition, for both CB and NCB based PUSCH Tx, indicate two SRI fields in DCI.
· For both CB and NCB based PUSCH Tx, two SRI fields are mapped to two SRS resource sets, respectively
Proposal 3-2:
· For single DCI based M-TRP PUSCH repetition, for CB based PUSCH Tx, indicate two TPMI fields in DCI.
Proposal 3-3:
· For single DCI based M-TRP PUSCH repetition, a second TPC field is added in DCI format 0_1/0_2.
Proposal 3-4:
· For M-TRP PUSCH repetitions, when SRI is not provided, study new rules to determine two P0-PUSCH/alpha/PL-RS/closeloopIndex.
· Same mapping pattern as defined for beam mapping can be applied to the mapping between different power control parameters and repetitions
Proposal 3-5:
· Further study whether to support dynamic switching between S-TRP and M-TRP PUSCH repetition.
Proposal 3-6:
· Support single CG configuration for repetitions towards M-TRP.
· Same mapping pattern as dynamic grant can be applied to the mapping between different beams and repetitions with CG.
Proposal 4-1:
· Support one of intra-slot beam hopping and intra-slot repetition. 
Proposal 4-2:
· Support inter-slot M-TRP PUCCH repetition for PUCCH format 0/2.
· Support intra-slot M-TRP PUCCH repetition for at least short PUCCH formats, if intra-slot repetition is supported.
· Support intra-slot M-TRP PUCCH beam hopping for all PUCCH formats, if intra-slot beam hopping is supported.
Proposal 4-3:
· Support one PUCCH resource activated with one or two spatial relation infos via MAC CE.
Proposal 4-4:
· For M-TRP PUCCH repetition, a second TPC field is added in DCI formats 1_1/1_2.
Proposal 4-5:
· For M-TRP PUCCH repetition, when PUCCH spatial relation is not provided, study new rules to determine two P0-PUCCH/PL-RS/closeloopIndex.
· Same mapping pattern as defined for beam mapping can be applied to the mapping between different power control parameters and repetitions 
Proposal 4-6:
· For FR1, further study whether to support dynamic switching between S-TRP and M-TRP PUCCH repetition.
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Appendix A
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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