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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
In RAN1 #102 e-Meeting, the following agreements were made for PDCCH enhancement [2]:
Agreement
The following is agreed for evaluation of PDCCH

· According to the evaluation scenario (e.g., at FR1 in urban macro / at FR1 in indoor hotspot / at FR2 in indoor hotspot), one of three Tables (Table A.3-1 ~ A.3-3) of 38.824 can be a baseline of EVM for Rel-17 FeMIMO item 2a.

· System bandwidth other than those mentioned in the Tables can be considered and reported by the companies. 

· In addition, the following table is used for EVM for Rel-17 FeMIMO item 2a (Common assumptions for PDCCH/PUCCH/PUSCH)

	Parameters
	Values

	The number of TRPs
	2

	Channel model
	TDL for FR1 (CDL for FR1 can be optionally used)

CDL for FR2 (TDL for FR2 can be optionally used)

	Path-loss modeling
	{0,3,6} dB gap between TRPs

	Blockage
	Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.

	Target BLER
	[10^-3, 10^-4, 10^-5]: BLER values shown in plots should be based on enough number of samples, e.g., ~100/BLER samples


· The following table is used for detailed assumptions for PDCCH

	Parameters
	Values

	Baseline schemes
	Option 1: Rel-15 PDCCH

Option 2: Spec transparent SFN

For FR1: Both options 1 and 2 can be considered

For FR2: Option 1.

	AL
	8 as baseline. Companies are encouraged to simulate other AL’s additionally for different code rate regimes.

	# of RBs/symbols
	1 or 2 symbols. Companies to report # of RBs. 

	DCI payload
	40+24(CRC)=64 as baseline. Other payload values are not precluded. 

	CCE-to-REG mapping
	Both Interleaved and non-interleaved can be considered. Companies to report the assumptions including interleaverSize in the case of interleaved.

	REG bundling size
	6 and 2 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle as baseline.

Closed-loop precoding can be used optionally

	Schemes
	Details of the schemes used (including TDM,FDM, etc.) to be reported by companies.

	Receiver assumption 
	Up to companies to report


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
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.
Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 

· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.

· 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 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 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 
In RAN1 #102 e-Meeting, the following agreements were made for PUSCH/PUCCH enhancement [2]:

Agreement 

· Detailed assumptions for PUCCH evaluation:

	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH repetition

	PUCCH format
	Format 1 and 3. 

Other PUCCH Formats can be optionally considered. 

	# of RBs/symbols
	PUCCH Format 1: 4 symbols, 1 RB

PUCCH Format 3: 4 and 8 symbols, 1 RB

Other combinations are not precluded. 

	UCI payload 
	2 bits for PUCCH Format 1 (and Format 0, if considered).  

Companies to report assumptions on other PUCCH Formats 

	Frequency hopping
	Reported by companies

	Number of repetitions (when applicable)
	2, 4, 8

	Schemes
	TDM

Details to be reported by companies

	Receiver assumption
	Reported by companies


· Detailed assumptions for PUSCH evaluation:

	Parameters
	Potential values

	Baseline scheme
	Rel-15/-16 PUSCH repetition

	# of RBs/symbols
	Companies to Report. 

	DMRS pattern
	DM-RS configuration type 1

DM-RS Configuration type 2 (optional)

	# of layers
	1, 2 (optional) 

	Code rates
	Low (<0.2) and moderate (<0.4)

	Frequency hopping
	Reported by companies

	UL transmission scheme
	Codebook based UL transmission is baseline. Non-codebook based can be optional.

	Redundancy Version
	Reported by companies

	Number of repetitions (when applicable)
	2, 4, 8 

Other numbers are not precluded

	Schemes
	TDM

Details to be reported by companies

	Receiver assumption
	Reported by companies


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  

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

2.1 Transmission schemes for enhanced PDCCH 
Based on agreement in RAN1 #103 e-Meeting, TDM/FDM/SFN multiplexing schemes are agreed to be studied for mTRP PDCCH reliability enhancement [2]. Also, combinations of the schemes are not precluded and can be discussed at a later stage. For TDM based schemes, two sets of symbols of the transmitted PDCCH or two non-overlapping (in time) transmitted PDCCH repetitions or non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states. Since PDCCH with different TCI states are transmitted in different set of symbols, there is no requirement for simultaneous receiving PDCCH with different TCI states. It has low requirement on UE capability and thus can be a common scheme for UEs with diverse capability. For two sets of symbols for PDCCH transmission, it can be in the different or same slot, where maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot and per span can be used for defining UE blind detection capability, respectively. Furthermore, time interval between two sets of symbols in the same slot need meet the time requirement for receiving beam switching at UE side when receiving PDCCH with different TCI states from multiple TRPs.      
For FDM based schemes, two sets of REG bundles/CCEs of the transmitted PDCCH or two non-overlapping (in frequency) transmitted PDCCH repetitions or non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states. For SFN based schemes, PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH. Here, DM-RS and PDCCH/PDSCH from TRPs are transmitted in SFN manner. Only 1 DM-RS port is used. For both these two schemes, they need UE has the capability to receive PDCCH candidate or repetition with different TCI states simultaneously. For FR1, all UEs can have this capability. For FR2, some UEs, e.g. with multiple panels, can have this capability. For FDM/SFN based schemes, they can reduce the latency. For FDM based scheme, it can further provide possible enhancement with power boosting related scheme.
Based on above discussion, we have the following observation and proposals:

Observation 1: Simultaneous receiving PDCCH transmission with different TCI states is not required for TDM based enhanced PDCCH transmission schemes but is required for FDM/SFN based enhanced PDCCH transmission schemes.
Proposal 1: TDM schemes can be considered as the baseline for PDCCH enhancement.

Proposal 2: For FR2, FDM/SFN schemes can be considered only for UE with high capability for receiving multiple beams simultaneously, e.g. multiple panels.

2.2 Configuration for CORESET and search space set 
Based on agreement in RAN1 #103 e-Meeting, three alternatives on configuration of CORESET and search space set are agreed to be studied for mTRP PDCCH reliability enhancement [2]. For Alt.1, one CORESET is associated with two activate states, which has three alternatives. For Alt.1-1, one PDCCH candidate in a given search space set is associated with both TCI states of CORESET. For Alt.1-2, two sets of PDCCH candidates in a given search space set are associated with the two TCI states of the CORESET, respectively. For Alt. 1-3, two search space sets are defined for one CORESETs with two TCI states. For all these three alternatives, they follow Rel.15/16 configuration framework but with extension of TCI state number for CORESET, where one search space is associated with one CORESET. For the CORESET, CCE to REG mapping scheme can also be reused. For Alt.1-1 and Alt.1-2, they will not increase the number of search space set. But Alt.1-3 will increase the search space set number. More detail analysis is as follows:

For Alt.1-1, only FDM/SFN based scheme can be used since a candidate can be transmitted with only one TCI state for TDM based scheme if a candidate is assumed to be transmitted only in a set of OFDM symbols. Otherwise, duration of COREST should be extended and additional specification impact for time domain monitoring configuration may be introduced. Also, the Hash function need slightly change to adapt to candidates transmitted in two sets of OFDM symbols. For example, it is based only on the first slot index from those of two sets of OFDM symbols. From coding chain view, option 1 in the agreement, i.e. one encoding and rate matching, can be used. When FDM/SFN based enhanced scheme is used, the TCI states for two sets of REG bundles/CCEs of the transmitted PDCCH need being specified for UE receiving. 
For Alt.1-2, PDCCH will be transmitted on multiple candidates with different TCI states from one search space set. Both TDM and FDM based scheme can be used. From coding chain view, both option 2, i.e. encoding and rate matching is based on one repetition and the same coded bits are repeated for the other repetition, and option 3, i.e. separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome, can be used. For option 2, it can be easily combined with PDCCH repetition for higher reliability requirement since it can be unified as repeat transmission with same or different TCI state. And, the linkage between two set of candidates can be defined for UE decoding to achieve combination gain. For option 3, diversity gain can be achieved by multiple chance transmission. Also, the linkage between TCI states and candidate set needs being specified. For example, for FDM based scheme, the TCI states for two candidate sets associated with two set of REG bundles/CCEs can be defined for UE receiving; for TDM based scheme two candidate sets associated with two set of symbols can be defined for UE receiving. 
For Alt. 1-3, two search space sets are defined for one CORESETs with two TCI states. It has the benefit of flexible search space set configuration with additional search space set. Thus, it can be used for both TDM and FDM based schemes. From coding chain view, both option 2 and option 3 can be used, which is similarly as Alt.1-2. For option 2, both combination gain and diversity gain can be achieved by repeat transmission; for option 3, diversity gain can also be achieved by multiple chance transmission. Also, the linkage between search space sets and TCI state of CORESETs needs being defined for UE receiving.  
Proposal 3: Configuration Alt.1-1 can be used for FDM/SFN based enhanced PDCCH transmission with small standard impact. 

Proposal 4: Configuration Alt.1-2/Alt.1-3 can be used for TDM/FDM based enhanced PDCCH transmission with easily combined with repetition to achieve higher reliability requirement.
Proposal 5: Configuration Alt.1-3 can provide flexible parameter configuration for each search space set associated with one TCI state of the CORESET with tradeoff of increasing of search space set number.

For Alt.2, one search space set is associated with two different CORESEs. It extends Rel.15/16 configuration framework with one search space set associated two different CORESETs. It provides the flexibility for configuration of CORESETs, including different TCI states, non-overlapped or overlapped frequency resource between CORESETs, etc. However, REG to CCE mapping needs being specified since there are REGs/CCEs from multiple CORESETs. For the first scheme, independent REG to CCE mapping are used for each CORESET. For determining candidates in the search space set, CCEs from two CORESETs can be concatenated in CCE/CORESET level. For coding and rate matching scheme, option 1/2/3 may be used. For the second scheme, new mapping scheme need being defined for joint CORESET where REGs from two CORESETs are concatenated according to order of time-frequency resource location defined in Rel.15. It has large standard impact. For coding and rate matching scheme, option 1 can be used. Specifically, for the third scheme, one search space can be separate into two sub-search space set and each sub-search space set is used for monitoring PDCCH transmission from one CORESET with one TCI state. Independent REG to CCE mapping can be made for each CORESET and the scheme defined in Rel.15 can be reused for determining candidates in each sub-search space set. It can be used for TDM/FDM based schemes. For coding and rate matching scheme, option 2/3 can be used.     
Proposal 6: For configuration Alt. 2, schemes for REG to CCE mapping and CCEs to candidate mapping based on multiple CORESETs need being further studied.

For Alt.3, two search space sets are associated with corresponding CORESETs. It follows Rel.15/16 configuration framework with one search space set associated one CORESET. And, it provides the flexibility for configuration of CORESET and search space set with increasing CORESET and search space set number. Independently REG to CCE mapping can be used for each CORESET. And candidates can be determined for each search space set based on schemes defined in Rel.15/16. For each search space, the TCI state can be determined according to associated CORESETs for UE receiving. Thus, there is no specification impact here. It can be used for TDM/FDM based schemes. For coding and rate matching scheme, both option 2 and 3 can be used. For option 2, linkage between two candidates from two search space sets can be pre-defined for UE decoding to achieve combination gain. Furthermore, it is also easily combined with repetition scheme to meet higher reliability requirement. More discussion on candidate linkage will be made in subsection 2.4. 
Proposal 7: For configuration Alt. 3, it can be used for TDM/FDM based enhanced PDCCH transmission with the most flexible configuration and can be easily combined with repetition scheme to meet higher reliability requirement. 
2.3 Coding/rate matching chain and UE decoding behavior
For encoding/rate matching, three options are agreed in RAN1 #103 e-Meeting as explained in previous subsection [2]. For option 1, same decoding behavior as Rel.15/Rel.16 can be used on account of only one encoding/rate matching chain. It can be used for Alt.1-1 with CORESET and search space set configuration. Here, diversity gain can be achieved on account PDCCH is transmitted on candidates with multiple TCI states. Also, Polar coding gain can be achieved with coded bits from one coding chain. For option 2, it can be possibly used for Alt.1-2, Alt.1-3, Alt.2 or Alt.3 with CORESET and search space set configuration. Here, both diversity gain and combination gain can be achieved with multiple repeat transmission. Since repetition number can be increased with more transmission resources, it can provide larger combing gain and thus meet higher reliability requirement with larger repetition number. For option 3, same decoding behavior as Rel.15/Rel.16 can be used since independent encoding/rate matching is used for separate DCI. It can be possibly used for Alt.1-2, Alt.1-3, Alt.2 or Alt.3 with CORESET and search space set configuration. It can achieve diversity gain on account of multiple chance transmission. From another view, it can reduce standard work of re-explain the meaning of some DCI field caused by same DCI requirement. For example, TDRA field may be different since time offset between PDCCH and PDSCH/PUSCH/PUCCH may be different for PDCCH transmitted in the first set and the second set of OFDM symbols.    

For both Option 1 and Option 2, 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 8: Support Option 3, i.e. separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc or result in the same outcome.

Proposal 9: For Option 3, each DCI is transmitted independently as a R15 PDCCH candidate in valid CORESET with the corresponding TCI.
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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.
There may be multiple realization/decoding behavior for option 2 to achieve combination gain when the linkage between candidates/repetition are known before decoding. Let’s take an example with 2 repetition for explanation. For the first decoding behavior, the first polar decoding is made with LLR based on the first repeat transmission and the second polar decoding is made with combined LLR based on the first and second transmission. When UE decodes PDCCH successfully after the first decoding, it has no need to make the second decoding. Thus, it has some benefit from view of power saving and latency. For the second decoding behavior, only one polar decoding is made with combined LLR based on the first and second transmission. It has the benefit of low decoding times and not changing the time procedure for decoding. For the third decoding behavior, the first polar decoding is made with LLR based on the first repeat transmission and the second polar decoding is made with LLR based on the second repeat transmission and the third polar decoding is made with combined LLR based on the first and second transmission. It has the benefit of largest flexibility for gNB allocating resources for PDCCH transmission. 
Observation 2: Multiple possible decoding behavior can be made at UE side to achieve combination gain when the linkage between candidates/repetition are known before decoding.       
Maximum number of monitored PDCCH candidate and non-overlapped CCE 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 enhanced PDCCH, one DCI may be transmitted with multiple candidates/repetition to improve reliability. For option 2, there may be multiple possible decoding behavior including multiple candidate combination as described above. Thus, the PDCCH candidate counting scheme for determining UE blind detection complexity needs being discussed based on assumed decoding behavior. Furthermore, the assumed counting scheme should be aligned between gNB and UE. 
Proposal 10: PDCCH candidate counting schemes can be further discussed for determining blind detection complexity based on multiple possible decoding behavior.       

2.4 Linkage between PDCCH candidates
For linkage between candidates, two cases are agreed to be studied in RAN1 #103 e-Meeting. For the first case, two or more candidates are explicitly linked together. When UE knows the linkage before decoding and encoding/rate matching is based on one repetition, it can achieve combination with soft combination of LLR in addition to achieve the diversity gain from multiple TRP transmission with different beams. Also, the decoding complexity can be kept to acceptable level based on known candidate linkage since it reduces blind detection number based on possible candidate combination. For example, one-one mapping may be a simple scheme when the CORESET dimension, i.e. duration and PRB number is same for different candidate set for linkage. And the linked candidates are required to be transmitted from different TRPs with different TCI states. For cases with one search space set, such as Alt.1-2 or Alt. 2, linked candidates in different sub-search space sets can be linked with one-one mapping, where one search space set is divided into multiple non-overlapping sub-search space sets and each sub-search space set is associated with one TCI state. For cases with multiple search space sets, such as Alt.1-3 or Alt.3, candidates in different search space sets can be linked with one-one mapping. With predefined rule for one-one mapping, UE can determine the explicit linkage between candidates. 
Proposal 11: One-one mapping may be used for determining linked candidates from different candidate set with different TCI states. 
For the second case, 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 12: 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 13: 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

There are two alternatives agreed to be studied in RAN1 #102e where Alt1 supports both inter-slot repetition and intra-slot repetition / intra-slot beam hopping and Alt2 only supports only inter-slot repetition. As we know that sub-slot based PUCCH transmission is already supported in R16, and a PUCCH resource with sub-slot configuration can also be configured with repetitions. Therefore, intra-slot repetition should be supported as well with inter-slot repetition since sub-slot based PUCCH transmission and slot based PUCCH transmission can be both configured for a UE. Besides, whether a PUCCH resource can be configured as intra-slot PUCCH repetition where the PUCCH resource is configured with slot based PUCCH transmission should be further clarified.

While for a PUCCH resource without intra-slot or inter-slot repetition, in order to support intra-slot beam hopping without repetition of PUCCH resource, it should add a gap composed of multiple symbols between two hops for beam switching for the two hops. Considering the switching time of beams is a UE capability, therefore, the symbol length of the gap is related to UE capability. Since there is a limitation of adding a gap between two hops for intra-slot beam hopping, not all PUCCH resources can support the intra-slot beam hopping. Besides, for a PUCCH resource configured with intra-slot or inter-slot repetition by using multiple beams, the benefit of beam hopping should be carefully evaluated compared to the intra-slot or inter-slot repetition without beam hopping by using multiple beams, considering the limitation that a gap should be configured between two hops of one repetition. Therefore, we propose that:

Proposal 14: Intra-slot repetition and inter-slot repetition should be supported in R17, and whether a PUCCH resource can be configured as intra-slot PUCCH repetition where the PUCCH resource is configured with slot based PUCCH transmission should be further clarified.

Proposal 15: A gap is needed between two hops when intra-slot beam hopping is applied and whether a PUCCH resource with intra-slot or inter-slot repetition can be configured with intra-slot beam hopping should be further studied.
As specified in R16, there are two options of sub-slot length which are 2 symbols and 7 symbols. When the sub-slot length is 2, the length of PUCCH resources can be either 1 symbol or 2 symbols. Thus, the maximum length is 1 between two PUCCH repetitions in two adjacent sub-slots. Considering that it may need beam switching time for two adjacent repetitions with different beams, therefore, additional symbols may be needed for beam switching. 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. In our opinion, it’s better to delay the later repetition of two adjacent repetitions with different beams when the gap between two adjacent repetitions in two consecutive sub-slots is smaller than the beam switching time compared with dropping some symbols of repetition(s) since the PUCCH’s performance highly impacts the performance of throughput especially for the PUCCH resource carrying HARQ-ACK. For inter-slot PUCCH repetition, it’s still possible that the gap between two adjacent repetition with different beams in two consecutive slots is not enough for beam switching. Therefore, how to handle the beam switching time of two adjacent PUCCH repetitions should be studied further. And we proposal that:
Proposal 16: The method of handling the beam switching time of two adjacent PUCCH repetitions with different beam should be studied and selected from the two ways of dropping symbols of repetition(s) and delaying later repetition in R17.

As discussed in RAN1 102e, UCI repetition in different PUCCH resource should be further studied and discussed. 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 17: For UCI repetition with multiple PUCCH resources, the multiple PUCCH resources can be configured by RRC for periodic UCI, semi-persistent CSI, SR or HARQ-ACK corresponding to SPS PDSCH, while how to indicate multiple PUCCH resource by the scheduling DCI for HARQ-ACK with DCI scheduling should be further studied.

In the following, we discuss several aspects of PUCCH repetition enhancement in R17 to see how it can be enhanced.

3.1 Spatial relation information and beam mapping pattern

In R15, spatial relation information of a PUCCH resource is activated by a MAC CE and only one spatial relation information can be activated by the MAC CE. Multiple beams will be used to transmit a PUCCH resource with repetition in R17, therefore, the MAC CE for spatial relation information of a PUCCH resource can be enhanced where multiple spatial relation information can be activated for the PUCCH resource with repetition by using multiple beams. Furthermore, beam mapping pattern should be determined when multiple beams are configured for a PUCCH resource with repetition. Since two beam mapping patterns are already supported which are cyclical mapping pattern and sequential mapping pattern in R16 PDSCH URLLC scheme 4. Therefore, at least the two beam mapping patterns should be supported in R17 PUCCH repetition. And we propose that:

Proposal 18: The spatial relation information activation mechanism using MAC-CE for a PUCCH resource should be enhanced to be able to activate multiple spatial relation information for a PUCCH resource, and cyclical mapping pattern and sequential mapping pattern should be supported for a PUCCH resource with repetition in R17.

3.2 Power control

In R15, the power of all repetitions of a PUCCH resource is same since the set of power control parameters of all repetitions of the PUCCH resource is same. As we all know that the set of power control parameters of PUCCH resource is associated with the spatial relation information of the PUCCH resource when the PUCCH resource is configured with a spatial relation information or is predefined when the PUCCH resource is not configured with a spatial relation information. However, multiple spatial relation information can be configured for a PUCCH resource with repetition in R17. Accordingly, there should be multiple sets of power control parameters configured which are associated with multiple spatial relation information for a PUCCH resource with repetitions by transmitting with multiple beams. The power of each repetition of a PUCCH resource with repetition is determined by its associated spatial relation information, while the associated spatial relation information of each repetition is determined by the beam mapping pattern. Therefore, the power of each repetition of a PUCCH resource with repetition is determined by the beam mapping pattern, and we propose that:

Proposal 19: Multiple sets of power control parameters should be configured to associate with multiple spatial relation information configured for a PUCCH resource with repetition.

3.3 Repetition number indication

In R15, the repetition number of PUCCH resource is configured by RRC per PUCCH format which means all the PUCCH resources with a same PUCCH format is configured with a same repetition number. It is low flexible and may need frequently reconfigure when the channel status changes fast. Therefore, we propose that:

Proposal 20: Support dynamic indication of the number of PUCCH repetitions.

3.4 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 able 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 able to obtain the frequency diversity of all links between UE and multiple TRPs. Therefore, we propose that:

Proposal 21: The inter-slot frequency hopping for inter-slot PUCCH repetition or inter-sub-slot frequency hopping for intra-slot PUCCH repetition should be able to obtain the frequency diversity of all links between UE and multiple TRPs.

4 Discussion on PUSCH enhancement with multiple TRP

It is agreed that R17 PUSCH repetition enhancement should be based on PUSCH repetition Type A and Type B in last meeting. However, some companies suggest to further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme. In our opinion, this scheme is lower priority compared with PUSCH repetition Type A and PUSCH repetition Type B. And we propose that:
Proposal 22: PUSCH transmission scheme without repetition is lower priority compared with the schemes of PUSCH repetition Type A and Type B.

In the following, we discuss several aspects of PUSCH repetition enhancement in R17 to see how it can be enhanced.

4.1 Enhancement of SRI, TPMI and power control for PUSCH repetition

In R15, the beam of a PUSCH transmission is the spatial relation information of the SRS resource for codebook based transmission or the SRS resource subset for non-codebook based transmission indicated by SRI of the scheduling DCI. As agreed last meeting, up to 2 beams can be used for PUSCH repetitions in R17. In order to indicate two spatial relation information for a PUSCH transmission with repetition, the SRI field should be enhanced. One way can be adding more SRI bits to indicate one more SRS resource for codebook based transmission or one more SRS resource subset for non-codebook based transmission which indicates one more beam accordingly, the other way can be reinterpreting the legacy SRI bits to indicate two SRS resources for codebook based transmission or two SRS resource subsets for non-codebook based transmission which indicates two beams accordingly. Besides, the channel between a UE and different TRPs is independent, it’s better to apply different PMIs for the PUSCH repetitions transmitting to different TRPs which makes the precoding to adapt the channel information of different links better. Similar with the SRI enhancement, it still has two ways to realize the function mentioned above, one way is to add new TPMI bits in the TPMI field to indicate one more PMI and the other way is to use the legacy bits of the TPMI field to indicate two PMIs and one rank together. 

As we know that the parameters of open loop power control of PUSCH are determined by mapping the SRI value in the scheduling DCI to an SRI-PUSCH-Power-Control list configured by RRC. However, as we proposed before, the SRI field in the scheduling DCI should be enhanced to indicate multiple spatial relation information. Similar with R15, each spatial relation information of multiple spatial relation information indicated by the enhanced SRI field will be associated with a set of power control parameters. Therefore, two sets of power control parameters of open loop should be indicated by the enhanced SRI field of the scheduling DCI for PUSCH repetition in R17. However, only after the design of SRI enhancement in R17 PUSCH repetition enhancement is determined, the power control enhancement can be designed and determined further. Besides, the closed loop of different links between UE and different TRPs may be configured as different indexes considering that the channel of different links is independent. Therefore, it may need to add new TPC bits to indicate one more TPC for closed loop power control. 

As we can see, all these enhancements described before are related to the fact whether the DCI payload size for scheduling PUSCH can be increased or not in R17 for PUSCH repetition enhancement. Only after determining this, the detailed design for these enhancements can be studied and determined further. Therefore, we propose that:

Proposal 23: Whether the DCI payload size for scheduling PUSCH can be increased or not in R17 for PUSCH repetition enhancement should be determined firstly, then the detailed design for SRI enhancement, TPMI enhancement and power control enhancement can be studied and determined further.

4.2 Beam mapping pattern

In last meeting, at least three beam mapping patterns are introduced to be studied for PUSCH repetition enhancement in R17. Considering that cyclical mapping pattern and sequential mapping pattern are already supported in R16 for PDSCH URLLC scheme 4, the two beam mapping patterns should be supported for PUSCH repetition enhancement in R17. Besides, considering there is only 1 time of beam switching in Half-Half pattern which is smallest of the three patterns, the benefit is large especially for a PUSCH transmission with a large repetition number if there must be a gap for beam switching between two adjacent PUSCH repetitions with different beams. Therefore, the three patterns can be supported where gNB can configure one pattern for UE by RRC.

There is only one repetition in a slot for R15 PUSCH repetition and R16 PUSCH repetition Type A, while there can more than one repetitions in a slot for R16 PUSCH repetition Type B. Therefore, it should be further determined that beams are mapped to the nominal repetition, the actual repetition or different slots which are three alternatives agreed in last meeting. The times of beam switching of the three alternatives are different. The alternative where beams are mapped to the actual repetition has the largest beam switching times, while the alternative where beams are mapped to different slots has the smallest beam switching times. Which alternative(s) should be supported for PUSCH repetition type B needs to consider the beam switching times of the three alternatives.     

Similar with PUCCH repetition enhancement, the beam switching time should be considered for the transmission of PUSCH repetition in R17. One way can be dropping some symbols of one or two repetitions of two adjacent PUSCH repetitions with different beams to make sure it has enough time for beam switching, while the other way can be delaying the later repetition of two adjacent repetitions with different beams to make sure it has enough time for beam switching. As we know that invalid symbols should be determined firstly for the actual repetitions determination of PUSCH repetition Type B. If using the method of dropping symbols of PUSCH repetition for beam switching, 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: Cyclical mapping pattern, sequential mapping pattern and Half-Half pattern can be supported where gNB can configure one pattern for UE by RRC.

Proposal 25: Which alternative(s) should be supported for PUSCH repetition type B needs to consider the beam switching times of the three alternatives which are beams are mapped to the nominal repetition, the actual repetition and different slots respectively.

Proposal 26: The method of handling the beam switching time of two adjacent PUSCH repetitions with different beam should be studied and selected from the two ways of dropping symbols of repetition(s) and delaying later repetition in R17.

4.3 Frequency hopping 

When multiple beams are used to transmit a PUSCH transmission with repetition and multiple TRPs are used to receive it, there are multiple links for transmitting the PUSCH transmission with repetition, while there is only one link for transmitting the PUSCH transmission with repetition in R16. In R16, inter-slot and inter-repetition frequency hopping is supported for PUSCH repetition to obtain the frequency diversity of the link between UE and the single TRP in multiple repetitions. 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 able to obtain the frequency diversity of all links between UE and multiple TRPs. Therefore, we propose that:

Proposal 27: The inter-slot frequency hopping and the inter-repetition frequency hopping for R17 PUSCH repetition should be able to obtain the frequency diversity of all links between UE and multiple TRPs.

4.4 CG PUSCH enhancement 

In last meeting, it’s agreed to further study M-TRP CG PUSCH reliability enhancements in Rel-17. And we know that there are two types of CG PUSCH transmission which are Type 1 CG PUSCH whose scheduling information is all configured by RRC and Type 2 CG PUSCH whose some important scheduling information is indicated by its activated DCI such as SRI, TPMI and MCS. For both types of CG PUSCH with repetitions enhancement in R17, the SRI, TPMI and power control should be enhanced in R17 which is same to DG PUSCH repetition enhancement. Considering the scheduling information of CG PUSCH is interpreted equally with DG PUSCH, therefore, the repetition enhancement of CG PUSCH can be determined once the repetition enhancement of DG PUSCH is done. And we propose that:

Proposal 28: The repetition enhancement of CG PUSCH should wait after the repetition enhancement of DG PUSCH is completed.

5 Conclusions
As a summary, we have the following observations and proposals on PDCCH, PUCCH and PUSCH enhancements with multi-TRP:
Observation 1: Simultaneous receiving PDCCH transmission with different TCI states is not required for TDM based enhanced PDCCH transmission schemes but is required for FDM/SFN based enhanced PDCCH transmission schemes.

Observation 2: Multiple possible decoding behavior can be made at UE side to achieve combination gain when the linkage between candidates/repetition are known before decoding.       

Proposal 1: TDM schemes can be considered as the baseline for PDCCH enhancement.

Proposal 2: For FR2, FDM/SFN schemes can be considered only for UE with high capability for receiving multiple beams simultaneously, e.g. multiple panels.

Proposal 3: Configuration Alt.1-1 can be used for FDM/SFN based enhanced PDCCH transmission with small standard impact. 

Proposal 4: Configuration Alt.1-2/Alt.1-3 can be used for TDM/FDM based enhanced PDCCH transmission with easily combined with repetition to achieve higher reliability requirement.
Proposal 5: Configuration Alt.1-3 can provide flexible parameter configuration for each search space set associated with one TCI state of the CORESET with tradeoff of increasing of search space set number.

Proposal 6: For configuration Alt. 2, schemes for REG to CCE mapping and CCEs to candidate mapping based on multiple CORESETs need being further studied.

Proposal 7: For configuration Alt. 3, it can be used for TDM/FDM based enhanced PDCCH transmission with the most flexible configuration and can be easily combined with repetition scheme to meet higher reliability requirement. 
Proposal 8: Support Option 3, i.e. separate DCIs that schedule the same PDSCH/PUSCH/RS/TB/etc or result in the same outcome.

Proposal 9: For Option 3, each DCI is transmitted independently as a R15 PDCCH candidate in valid CORESET with the corresponding TCI.

Proposal 10: PDCCH candidate counting schemes can be further discussed for determining blind detection complexity based on multiple possible decoding behavior.     
Proposal 11: One-one mapping may be used for determining linked candidates from different candidate set with different TCI states. 

Proposal 12: Use sequence number to identify the DCIs serving the same purpose. 

Proposal 13: 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 14: Intra-slot repetition and inter-slot repetition should be supported in R17, and whether a PUCCH resource can be configured as intra-slot PUCCH repetition where the PUCCH resource is configured with slot based PUCCH transmission should be further clarified.

Proposal 15: A gap is needed between two hops when intra-slot beam hopping is applied and whether a PUCCH resource with intra-slot or inter-slot repetition can be configured with intra-slot beam hopping should be further studied.
Proposal 16: The method of handling the beam switching time of two adjacent PUCCH repetitions with different beam should be studied and selected from the two ways of dropping symbols of repetition(s) and delaying later repetition in R17.

Proposal 17: For UCI repetition with multiple PUCCH resources, the multiple PUCCH resources can be configured by RRC for periodic UCI, semi-persistent CSI, SR or HARQ-ACK corresponding to SPS PDSCH, while how to indicate multiple PUCCH resource by the scheduling DCI for HARQ-ACK with DCI scheduling should be further studied.

Proposal 18: The spatial relation information activation mechanism using MAC-CE for a PUCCH resource should be enhanced to be able to activate multiple spatial relation information for a PUCCH resource, and cyclical mapping pattern and sequential mapping pattern should be supported for a PUCCH resource with repetition in R17.

Proposal 19: Multiple sets of power control parameters should be configured to associate with multiple spatial relation information configured for a PUCCH resource with repetition.

Proposal 20: Support dynamic indication of the number of PUCCH repetitions.

Proposal 21: The inter-slot frequency hopping for inter-slot PUCCH repetition or inter-sub-slot frequency hopping for intra-slot PUCCH repetition should be able to obtain the frequency diversity of all links between UE and multiple TRPs.

Proposal 22: PUSCH transmission scheme without repetition is lower priority compared with the schemes of PUSCH repetition Type A and Type B.

Proposal 23: Whether the DCI payload size for scheduling PUSCH can be increased or not in R17 for PUSCH repetition enhancement should be determined firstly, then the detailed design for SRI enhancement, TPMI enhancement and power control enhancement can be studied and determined further.

Proposal 24: Cyclical mapping pattern, sequential mapping pattern and Half-Half pattern can be supported where gNB can configure one pattern for UE by RRC.

Proposal 25: Which alternative(s) should be supported for PUSCH repetition type B needs to consider the beam switching times of the three alternatives which are beams are mapped to the nominal repetition, the actual repetition and different slots respectively.

Proposal 26: The method of handling the beam switching time of two adjacent PUSCH repetitions with different beam should be studied and selected from the two ways of dropping symbols of repetition(s) and delaying later repetition in R17.

Proposal 27: The inter-slot frequency hopping and the inter-repetition frequency hopping for R17 PUSCH repetition should be able to obtain the frequency diversity of all links between UE and multiple TRPs.

Proposal 28: The repetition enhancement of CG PUSCH should wait after the repetition enhancement of DG PUSCH is completed.
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