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Introductions
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #102-e meeting, agreements listed in this contribution for enhancements on PDCCH, PUSCH, PUCCH were achieved. In this contribution, we further discuss enhancements of PDCCH, PUSCH and PUCCH based on those agreements.
Enhancement on PDCCH
Transmission schemes
	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
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]SFN : PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Note: There is dependency between this scheme and AI 2d (HST-SFN )
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.
Agreement
For 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



For M-TRP PDCCH reliability enhancements, three transmission schemes based on SDM, FDM, TDM need further study, and combinations of these schemes can also be considered for PDCCH enhancement.
· SFN
SFN based PDCCH transmission is associated with two TCI states in all REGs/CCEs of the PDCCH in one monitoring occasion assuming there are two TRPs, and data transmission of PDCCH reuse legacy design without any change of physical processing and without increasing complexity of BD/CCE. SFN can be easily carried out by configuring one SS associated to one CORESET with two activate TCI. Furthermore, HST enhancement is based on SFN scheme, hence SFN based PDCCH transmission should be supported for consistent design of all DL channels with common receiver implementation for PDCCH and PDSCH.
· TDM
As per agreement, TDM based transmission includes the following three variants: 1) Two sets of symbols of the transmitted PDCCH with different TCI states, 2) Two non-overlapping (in time) transmitted PDCCH repetitions associated with different TCI states, 3) Non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states.
1) Different symbols of PDCCH are associated with different TCI states: Since a CORESET can be configured with {1,2,3} symbols in the time domain, this scheme cannot support one symbol CORESET and the CORESET configuration is unbalanced between two TCI states when three symbols are configured. There is restriction on CORESET configuration with this scheme.
2) Different PDCCH repetition are associated with different TCI states: Each repetition has same number of CCEs and coded bits, and corresponds to the same DCI payload where UE can perform soft combing to enhance the performance of PDCCH reception.
3) Different multi-chance transmitted PDCCH are associated with different TCI states: Each repetition may have different CCEs or different coded bits or different DCI payload. For example, the information of SLIV indicating the start position of corresponding PDSCH is carried by DCI, when multiple-chance PDCCH across multiple slots in time domain indicates same PDSCH, the value of SLIV is different per PDCCH chance which results into different contents of the PDCCH, therefore, UE cannot combine soft bits. 
In our view, the second and third variants can be considered to support different cases. If UE reports a capability of soft bits-combining, gNB configures TDM scheme based on the second variant, otherwise, gNB can configure TDM scheme based on the second or third variant.
· FDM
As per agreement, FDM based transmission includes the following three variants: 1) Two sets of REG bundles / CCEs of the transmitted PDCCH, 2) Two non-overlapping (in frequency) transmitted PDCCH repetitions, 3) Non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states. FDM variants 2) and 3) are similar to TDM based schemes, except that the candidates are allocated in non-overlapping frequency domain, while it is  in time domain in TDM schemes.
PDCCH after polar coding is mapped on CCEs and then the CCEs are mapped to different TRPs, which may not be viewed as a repetition scheme. UE receives different data segments which are from different TRPs and then decodes PDCCH. Frequency domain as well spatial domain diversity gain can be exploited, however the rule of CCE-to-REG mapping scheme should be further studied considering these factors of CCE\REG Bundle\ whether interleaving enabled or not. In the case of interleaving disabled, the REG bundle size equals to 6 REGs or 1 CCE. When AL>1, a simple rule is to assign each CCE or REG bundle size to different TRP, for instance, the odd REG bundle index are mapped to TRP1 while the even REG bundle index are mapped to TRP2, which keep same resource allocation between two TRPs. However, this doesn’t work for AL=1.
· Comparison among three schemes
pros and cons for different transmission schemes
	
	pros
	cons

	SDM
	1. low latency for PDCCH decoding
2. suitable for HST-SFN scenario
	1. UE needs to support the capability of simultaneous reception of multi-QCL D signals for FR2 operation.
2.  Occupied resources for different TRPs are hard limited to be the same.

	FDM
	1. low latency for PDCCH decoding
2. can support multi-chance PDCCH candidates in FDM mode
	1. UE need support the capability of simultaneous reception of multi-QCL D signals
2. may need two configured CORESETs 

	TDM
	1. no need to support the capability of simultaneous reception of multi-QCL D signals for FR2
2. maximum number of repetitions can be 2,4,6,8 with cyclical or sequential mapping pattern.
3. support multi-chance PDCCH candidates in TDM mode
4. Easy combination with other schemes, e.g SFN+TDM, FDM+TDM.
	1. higher latency than SDM and FDM, UE needs to receive the last PDCCH occasion to decode successfully in some cases 
2.  may result in the probability of collision between PDCCH and PDSCH in time, some    potential problem should be studied.



To compare the performance of the above schemes, we evaluated SFN scheme, non-overlapped scheme assuming the repetition number of 2. Non-overlapped scheme can be seen as TDM or FDM, which has same performance of BLER in LLS. We also simulated the blockage model agreed for URLLC in Rel-16 with the 10% probability of blockage and 10dB power reduction due to blockage. Other parameters and assumptions can be found in Table 2 in appendix.
[image: ] [image: ]
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   SFN vs. Non-overlap scheme                          
 In Figure 1, “PL0dB” and “PL6dB” denote the path loss between two TRPs in wireless channel model, for “SFN”, small delay CDD (CP/8) in second TRP is applied.  And nominal AL denotes actual aggregation level of PDCCH in SFN scheme, while a half of nominal AL for Non-overlap scheme is used to keep same overhead of resources. Since SFN scheme consumes double power of gNB compared to Non-overlap scheme, so the curves of SFN is shifted 3dB in figure. The results show that these enhancement schemes have similar performance.
SFN based scheme is suitable for HST-SFN scenario and has same scheduling latency as in FDM based scheme, hence it is not necessary to support FDM scheme. TDM based scheme has some benefits as listed in table1, thus TDM scheme should be supported. 
The metal coaches in HST increases the path loss of wireless channel reducing the coverage significantly. SFN-only scheme may fulfill the demand of deployment in HST scenario and TDM scheme is beneficial in other scenarios, hence the combination of SFN and TDM can be considered
Support SFN, TDM and combination of the two for multi-TRP PDCCH enhancement. 
 CORESET(s) and Search Space(s) configuration for M-TRP PDCCH enhancement
In last meeting, the following agreement about association were achieved:
	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 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 order to support different PDCCH transmission schemes, simple design for PDCCH enhancement is preferred, the following consideration can be taken into account:
· Supporting SFN, TDM, and combination SFN+TDM with lower RRC configuration overhead
· Supporting dynamic switching and coexistence between single TRP and MTRP
· Supporting implicitly and explicitly linked PDCCH candidates
· Future-proof design for easy scaling to more TRPs and more repetitions 
Firstly, taking Alt1 into account, Alt1-1 can support SFN scheme, to support SFN+TDM, one potential approach is to introduce a repetition number in time domain in SS set. When one CORESET is activated with two TCI states by MAC CE, it does not mean every SS sets is associated with two TCI states of this CORESET, another parameter can be introduced to indicate whether every SS sets is associated with one of two TCI states or both to support dynamic switching and coexistence between single TRP and MTRP.  Furthermore, even though the CORESET are activated by two TCI states, different SS associated with the CORESET may need different level of enhancement, e.g. some type of common SS is associated with one TCI state, some other type of common SS is associated with two TCI state. If the SS set is associated with one of two TCI states, UE can perform reception based on legacy behavior. gNB can estimate the blockage condition based on uplink signals and decide PDCCH transmission with one TCI state or two TCI states. Furthermore, Alt1-3 can be carried out by bundling two SS sets to inform UE there are multiple PDCCH chances, which are implicitly and explicitly linked together through other parameter(s). 
In Rel16,  for PDSCH reliability enhancement one code point can be activated with two TCI states by MAC CE. In Rel17, similar mechanism can be used for PDCCH enhancement which is very straightforward. Therefore, Alt1 is a good choice for PDCCH enhancement.
Secondly, taking Alt2 into account, there is practically no difference among Alt2, Alt1-1 and Alt1-2, except Alt2 consumes more CORESETs and the association between one SS and two CORESETs should be introduced. Alt2 cannot support two SSs, considering the difference of path loss between two TRPs, gNB can configure appropriate AL for different SS to match the quality of wireless channel, which can save overhead in terms of resource of PDCCH. Hence, Alt2 has the limitation compare to Alt1.
Thirdly, taking Alt3 into account, Alt3 reuses legacy configuration without introducing any new relationship design between CORESET and SS but has larger RRC overhead than Alt1 and furthermore Alt3 is not appropriate for SFN scenario. Alt3 is similar to Alt1-3 except number of configured CORESETs are different and for future proof design to support more TRPs for PDCCH enhancement, it would involve more complicated bundling relationship for more CORESETs and SS sets.
Support Alt1 for association of CORESETs and search space for PDCCH reliability enhancement:  
· adopt Alt1-1 to support SFN and SFN+TDM scheme. 
· adopt Alt1-3 to support explicitly and implicitly linked PDCCH chances/candidates.
Enhancement on PUSCH
Multi-DCI based PUSCH repetition
	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.  


In Rel17, PUSCH reliability transmission consists of multiple PUSCH repetition occasion associated with different SRS resource with different spatial relation information to cope with the blockage. Multi-DCI based PUSCH repetition has little spec impact to support PUSCH enhancement. With regards to how to schedule by M-DCI for PUSCH enhancement, three options can be considered in M-DCI based PUSCH transmission as shown in Figure 1.a), b) and c). 
Two DCIs schedule two PUSCHs in Figure 1.a). The second PUSCH (marked in green) can be regarded as a retransmission of first PUSCH (marked in red) scheduled by the first DCI. To reduce the latency of transmission, the base station can transmit the second DCI as long as transmission of the last occasion of first PUSCH is completed regardless whether the first PUSCH is decoded successfully or not.
The scheduling pattern in Figure 1.a) can support PUSCH repetition with different panels, which has been supported in current specification.
The difference between Figure 1.b) and Figure 1.a) is that the second DCI is received by UE before transmission of the first PUSCH repetition occasion which can reduce the latency between first and second PUSCH in the case of consecutive four uplink slots assigned. Following is captured in 38.214: “The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process”, which means the scheduling pattern in option2 is not supported in current spec. Yet another option3 is shown in Figure 1.c). The first PUSCH (marked in red) and second PUSCH (marked in green) are transmitted with cyclic pattern in option3 whereas the first and second PUSCH are transmitted with sequential pattern in option2. In current spec, the configured repetition of PUSCH must be allocated in consecutive uplink slots in Type A or consecutive uplink symbols in Type B, and certain coordination is required, e.g. TB size alignment due to difference in MCS indication by two DCIs, the spatial relation information in each repetition etc. When total number of repetitions is 2, the first PUSCH and second PUSCH is transmitted only one time, in this case there is no difference between Figure 1.c) and Figure 1.b).   
Support M-DCI based PUSCH repetition enhancement with  option2 and option3 as starting point.


a) Option1


b) Option2


c) Option3
Options for enhanced M-DCI based PUSCH transmission
Single-DCI based PUSCH repetition
	Agreement 
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme
Agreement
To support single DCI based M-TRP PUSCH repetition scheme(s), up to two beams are supported. RAN1 shall further study the details considering, 
1. Codebook based and non-codebook based PUSCH  
1. Enhancements on SRI/TPMI/power control parameters/any other 
Note1: Companies are encouraged to provide additional details on how above enhancements are applied to different PUSCH repetitions (e.g. mapping between PUSCH repetitions and beams)
Note2: Studying enhancements/aspects related to TA is not precluded.


Compared to M-DCI based scheme, S-DCI based scheme can reduce the overhead of DCI, but some indication fields may require reconsideration as how to indicate SRI, TPMI, power control etc.
SRI field enhancement for codebook based PUSCH transmission
For codebook based transmission, the UE may be configured with a single SRS-ResourceSet with usage set to
'codebook' and only one SRS resource can be indicated based on the SRI within the SRS resource set. In order to support two different SRS resource concurrently in S-DCI, some alternatives can be considered.
· Alt 1: two SRS resources indicated in one SRI field
· Alt 1-1:  a single SRS-ResourceSet with usage set to 'codebook'
· Alt 1-2:  two SRS-ResourceSets with usage set to 'codebook' 
· Alt 2: two SRS resources indicated in two SRI fields
· Alt 2-1:  a single SRS-ResourceSet with usage set to 'codebook'
· Alt 2-2:  two SRS-ResourceSet with usage set to 'codebook' 
· Alt 3: one SRS resources indicated in one SRI field and the SRS resource associated with two spatial relation info
UE linking M-TRP is usually carried out in some special case, e.g. UE located the middle of two TRPs, or some unpredictable blockage around UE, or UE in-situ rotation, the wireless channel of two link will change rapidly. It is better to design a scheme that gNB can dynamically inform UE which one or two TRPs are suitable at the moment. 
Regarding Alt1-1, two SRS resources with different spatial relation info are supported in the SRS-ResourceSet, PUSCH can be dynamically associated with one of two SRS resources or both by means of decoding bit information of SRI. For example, 2bits for SRI is to determine selecting the first or second SRS resource in case of S-TRP or two SRS resources in case of M-TRP.
Regarding Alt1-2, when gNB configures two SRS-ResourceSets with usage set to 'codebook', the feature about PUSCH transmission associated with two spatial relationis enabled implicitly. For example, 2bits for SRI is to determine selecting the first or second SRS resource from the first SRS –resource in case of S-TRP or two SRS resources from the second SRS-ResourceSets in case of M-TRP.
Regarding Alt2, there are two SRI fields in S-DCI. In Alt2-1, 1bit is for SRI1 which indicates whether the first SRS resource is enabled or disabled, another 1bit is for SRI2 which  indicates whether the second SRS resource is enabled or disabled. In Alt2-2, 1bit is for SRI1 which indicates whether the first SRS resource set is enabled or disabled, another 1bit is for SRI2 which indicates whether the second SRS resource set is enabled or disabled.
Regarding Alt3, if one SRS resource is associated with two spatial relation information, some problems about the scheme should be discussed, e.g . how one SRS resource is associated with two different power control, how one SRS resource is transmitted based on different spatial relation especially considering the frequency hopping of SS is enabled. Alt3 has too much problem, which can be precluded at first.
To support single DCI based PUSCH towards M-TRP, SRI bit width needs to be increased.  
 TPMI/RI field enhancement for codebook based PUSCH transmission
For single DCI based M-TRP PUSCH reliability enhancement, TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B are supported, and only one layer is supported for Type A while multiple layers for Type B. The overhead of TPMI is subject to antenna ports of SRS resource, max-Rank, codebook subset and full power mode, in some cases, up to 6 bits is needed. 
One simple approach is to indicate with separate bits for TPMI/RIs for the transmission towards two TRPs but this would incur  more overhead. In order not to increase overhead, codebook subset could be reused. In Rel-15/16, the overhead is successively decreased along with codebook subset configured with 'fullyAndPartialAndNonCoherent', or 'partialAndNonCoherent', or 'nonCoherent' respectively,. If we adopt new design to distinguish coherent codebook group with independent 'fullyCoherent', 'partialCoherent' and 'NonCoherent',  DCI only need to indicate limited TPMIs in corresponding  codebook group.
Assuming the codebook subset is configured with 'fullyAndPartialAndNonCoherent', gNB often select fully coherent codebook to take full advantage of Tx diversity, unless gNB detects that the wireless channel quality of some antenna ports of SRS resource is poor, e.g antenna ports are blocked by hands or other objects, gNB may inform UE a codebook with the feature of partial coherent or non-coherent by TPMI field in DCI to save UE power consumption. If  persistent blockage happens for longer time, the independent coherent codebook group is used, if blockage  is unpredictable happening  irregularly, gNB is likely to adopt purely full coherent codebook group to keep the robustness of performance. 
Furthermore, the gNB can directly indicate which subset of TPMIs are suitable for UL transmission for the next period. With MAC CE update of TPMI sub-groups based on gNB choices, the overhead can be reduced further.

. To support single DCI based PUSCH towards M-TRP, TPMI/RI field needs a new design compared with legacy interpretation.
 Power Control field enhancement for PUSCH transmission
There are two fields for power control, one is TPC command for scheduled PUSCH, the other one is Open-loop power control parameter set indication. Because the wireless channel between UE and two TRPs is usually not relevant, the indication of power control for two links is independent. In Rel16, TPC command is indicted by 2bits and open loop command is indicted by 1bit if SRS resource indicator is present, the overhead is acceptable if doubling them if DCI indicates a PUSCH associated with two SRS resources.
 To support single DCI based PUSCH towards M-TRP, the bit field needs to be doubled.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4] PTRS-DMRS association field enhancement for PUSCH transmission
The PTRS-DMRS association filed may also need further enhancement. In order to achieve the better estimation accuracy, PTRS is associated with the strongest layer by an indication of PTRS-DMRS association field in DCI. In Rel17, two PUSCHs go through different wireless channels, two PTRS-DMRS association indication should be considered.
In Rel16, there are 2bits for PTRS-DMRS association indication, there are different enhancement approaches to consider. For instance, bit field can be extended up to 4 bits or reuse 2bits but with different interpretation to indicate two associations.
To support single DCI based PUSCH towards M-TRP, PTRS-DMRS association field needs to be enhanced.
Restrictions for S-DCI based PUSCH enhancement
The design for S-DCI has much larger spec impact compared with M-DCI based PUSCH enhancement. Besides the fields mentioned above, other changes on DCI fields would possibly be required.
 Further compare pros and cons between S-DCI and M-DCI to determine whether to support S-DCI or M-DCI PUSCH enhancement towards different TRPs.
 Configured Grant based PUSCH repetition
Configured grant was supported in Rel-15 and Rel-16 to fulfill the reliability and latency target of URLLC traffic. When one configured grant PUSCH used to transmit URLLC data was blocked especially in FR2, the reliability performance will be decreased dramatically. In this case, dynamic scheduling the retransmission of the data transmitted on configured grant may guarantee the reliability performance, but undoubtedly increasing the latency. By leveraging spatial diversity in M-TRP scenario, the performance of URLLC traffic transmitted on configured grant PUSCH can be further improved. Hence, in Rel-17 M-TRP enhancement for CG PUSCH transmission shall be supported to further enhance the reliability and reduce latency of URLLC. 
Once configured by RRC, configured grant type 1 transmission occasions can be used to transmit UL data at any time without any scheduling information. So configured grant type 1 is better for supporting traffic with ultra-low latency requirement. For the purpose of increased efficiency and flexibility in resource allocation, configured grant type 2 shall be activated by an activation DCI before transmitting. With better performance in different aspects, configured grant type1 or configured grant type 2 is configured UE-specifically by NW. When blockage occurs, performance of both configured grant type 1 and type 2 would be seriously impacted. As a result, MTRP enhancement for both configured grant type 1 and type 2 shall be considered simultaneously.   
Support both type 1 and type 2 CG PUSCH transmission towards MTRP.
In Rel-16, more than one CG configurations of CG Type 1 and/or CG Type 2 may be active at the same time on an active BWP of a serving cell to support different services/traffic types and/or for enhancing reliability and reducing latency. When URLLC data arrives, UE may choose only one configured grant configuration to transmit the data. Each of different CG configurations has separate RRC parameters for both CG type 1 and type 2. For CG type 2 PUSCH transmission, separate DCIs are used for activating different CG Type 2 configurations. The valid activation DCI indicates the spatial relation info and any other information needed for CG type 2 PUSCH transmission. 
In MTRP scenario, one configured grant type 1 or configured grant type 2 may be used to transmit a URLLC traffic towards MTRP (as shown in Fig.1a and Fig.1b). To enable this scheme, multiple sets of transmission parameters such as spatial relation info and power control parameters can be configured in RRC configuration element ConfiguredGrantConfig, but this would increase the complexity of CG configurations. For configured grant type 2, activation DCI shall indicate up to two sets of spatial relation info and power control parameters for transmission towards MTRP, as shown in Fig1b. The overhead of activation DCI will be also increased. Moreover for UEs that do not support complicated single DCI PUSCH enhancement, they may also not be able to support the type 2 configured grant if specified in above way.


Fig.1a An example of single type 1 CG towards MTRP 


Fig.1b An example of single type 2 CG towards MTRP
One natural way might be multiple configured grant type 1 or type 2 configurations are associated with different TRP by configured spatial relation info towards different TRP or by associating different CoresetPoolIndex. During a time window related to ConfiguredGrantTimer defined in RAN2 spec, the CG type 1 and active CG type 2 PUSCH with same HARQ process ID can be used to transmit repetitions of a TB together (as shown in Fig.2). In this way, legacy RRC configuration for both configured grant type 1 and type 2 can be inherited with minimum change. There is no need to design an additional DCI format indicating more than one sets of spatial relation info and power control parameters to activate configured grant type 2 for PUSCH repetitions transmission towards M-TRP. Spatial relation info, power control parameter or any other transmission parameters of each CG configuration or DCI indication can be applied for the corresponding repetition transmission occasions.    


Fig.2 An example of multiple CG towards MTRP 
Repetitions of a TB can be transmitted on multiple CG type 1 and type 2 PUSCH transmission occasions towards MTRP.
beam granularity and beam pattern
	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 Rel16, two beam pattern are supported for PDSCH repetition, one is cyclical mapping pattern (the first and second beam are applied to the first and second PDSCH repetition, respectively, and the same beam mapping pattern continues to the remaining PDSCH repetitions, the other one is sequential mapping pattern (the first beam is applied to the first and second PDSCH repetitions, and the second beam is applied to the third and fourth PDSCH repetitions, and the same beam mapping pattern continues to the remaining PDSCH repetitions). In Rel17, for PUSCH repetition, two beam pattern can be also introduced. Regarding 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), if the number of repetition is 2 or 4, it has same pattern with sequential mapping pattern, if the number of repetition is 6 or 8, there is no obvious difference between cyclical mapping pattern and sequential mapping pattern. 
if the number of repetition is more than 1, support cyclical mapping pattern and sequential mapping pattern for PUSCH repetition.
When frequency hopping of PUSCH is configured, the performance of PUSCH will be effected by different beam pattern.  


                                              Figure3.a) sequential mapping pattern in case of inter-slot hopping


            
Figure3.b) cyclical mapping pattern in case of inter-slot hopping

Assuming PUSCH is configured inter-slot hopping, if adopting cyclical mapping (figure 3.b), same frequency hopping is corresponding to same beam pattern, there is not any diversity of frequency hopping, that has same performance with disabled frequency hopping, if adopting sequential mapping (figure 3.a), two frequency hopping pattern exists in every beam, so the diversity of frequency hopping can be achieved in every beam.
when frequency hopping of PUSCH is configured, there is dependency between frequency hopping pattern and beam pattern.
Considering inter-slot frequency hopping, the frequency hopping pattern refers to the slot index in one frame in order to avoid the collision of resource allocation from different UE. Regarding beam pattern switching for uplink, the study should be based on multiple UEs as start point too, rather than single UE. when there is an association between frequency hopping pattern and beam pattern, whether beam pattern has a relationship with slot index should be considered, e.g. whether the definition of first beam is the slot index 0 or in the slot index where the first PUSCH repetition starts


the first beam refers to the slot index 0 of frame
the association between frequency hopping pattern and beam pattern should be further studied.
Regarding beam switching granularity, some alternatives are listed in table 2.
beam switching granularity for PUSCH repetition
	Frequency Hopping
	PUSCH repetition Type A
	PUSCH repetition Type B

	Disabled 
	Beam switching pattern based on slot level
	Opt1: based on nominal repetition
Opt2: based on actual repetition
Opt3: based on slot repetition

	Enabled 
	Intra-slot FH
	Inter-slot FH
	Inter-slot FH
	Inter-repetition FH

	
	Opt1: based on slot level
Opt2: based on FH level
	based on slot or FH level
	Opt1: based on slot or FH level
Opt2: based on nominal repetition
Opt3: based on actual repetition
	Opt1: based on slot level
Opt2: based on nominal repetition or FH level
Opt3: based on actual repetition



When frequency hopping is disabled and PUSCH repetition is TypeB, where PUSCH scheduling is based on nominal repetition, and multiple actual repetitions in every nominal repetition is subject to slot boundary and invalid symbols configuration. To reduce the complexity of implementation and analog beam coordination of multiple UEs for easy scheduling, beam switching based on nominal repetition and slot repetition can be studied. 
When frequency hopping is enabled and PUSCH repetition is TypeA, if repetition number is more than 1, there is not any difference for beam switching based on slot level or frequency hopping level. Considering some UEs in same cell are configured with inter-slot frequency hopping, gNB would expecta unified pattern for analog beam switching, then beam switching based on common slot level is a good choice. 
When frequency hopping is enabled and PUSCH repetition is TypeB, there are two patterns, one is inter-slot frequency hopping, the other is inter-repetition frequency hopping. First, actual repetition should be precluded as the above analysis. beam switching based on nominal repetition and slot repetition can be further studied. If considering some UEs are configured different frequency hopping and repetition Type, slot level is the best scheme for beam switching granularity.
beam switching based on slot level can satisfy different configuration of UEs in same cell.
If the number of (nominal) repetition is 1, in order to improve the Tx diversity of PUSCH from different antenna ports or panels, PUSCH can be split into two parts associated with different beam. When PUSCH repetition is Type A allocated with N symbols, seen as only one actual repetition, the first N1 symbols is associated with the first beam, and the remaining N-N1 symbols is associated with the second beam. It should be noted that DMRS may be configured for the second part as in the case of intra-slot frequency hopping enabled for PUSCH. In this case, we prefer beam switching based on intra-slot frequency hopping. When PUSCH repetition is Type B allocated with N symbols, and nominal number of repetition is 1, there are some alternatives can be further studied:
· Alt1: beam switching based on actual repetitions if exists.
· Alt2: beam switching based on inter-slot repetition if exists.
· Alt3: do not support beam switching in case of PUSCH repetition Type B configured only 1 nominal repetition. 
 For PUSCH repetition Type A configured with only 1 repetition, beam switching of PUSCH is based on intra-slot frequency hopping. 

Enhancement for PUCCH
In RAN1 #102-e meeting, following agreements on PUCCH enhancement were achieved:
	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. 



PUCCH repetition configuration
As PUCCH repetitions are to be transmitted towards different TRPs, the spatial relation of each PUCCH repetition should correspond to different TRPs. To realize mapping different spatial relations to multiple PUCCH repetitions, one option is that the network configures the PUCCH resource for repetition with more than one spatial relation. Another option is to associate two different PUCCH resources, each configured with a spatial relation.
The latter option reuses the existing PUCCH resource configuration with additional association or indication, and may adapt to the channel condition. However, there could be more issues making it complicated, such as how to indicate two PUCCH resources for HARQ-ACK in a single scheduling DCI, how to indicate or align different K1 parameters for two PUCCH resources, etc. In addition, there are many kinds of PUCCH types, such as PUCCH for normal UL and SUL, PUCCH for sidelink, etc., and a UE can be configured up to 4 PUCCH resource sets, each with up to 128 PUCCH resources, so it is very hard and overhead consuming to associate so many PUCCH resources into pairs.
From the signaling perspective, the former option is a neat one with no impact on DCI-relevant signaling, because PUCCH with slot-level repetition has been supported since Rel-15. What is need is to define the mapping pattern between the activated spatial relations with PUCCH repetitions as in multiple TDMed PDSCH transmission occasions in Rel-16. Existing PUCCH spatial relation activation MAC CE can be updated to support this feature, e.g., by simply removing the restriction that “only a single PUCCH Spatial Relation Info can be active for a PUCCH Resource at a time” or design a new MAC CE.
Support same PUCCH resource for PUCCH repetition with two spatial relations configured by higher layer signaling or by MAC CE activation.
Inter-slot PUCCH repetition supported in Rel-15 can be a start point, whether dynamically changing the number of repetitions should be further investigated. For the services requiring low feedback latency, intra-slot PUCCH repetition is also needed besides inter-slot repetition. One way could be like what happens to PUSCH by signal the first transmission resource and derive the consequent transmission resources. Anyhow, minimum specification impact on top of Rel-16 PUCCH is highly desired for reliability and robustness enhancement for PUCCH using multiple TRPs. In Rel-16, sub-slot configuration for PUCCH was supported to realize more than one PUCCH for HARQ-ACK transmission within a slot, and simultaneous construction of more than one HARQ-ACK codebooks intended for supporting different service types for a UE. We should try to reuse the PUCCH features and configurations such as PUCCH resource set, frequency hopping, repetition, spatial relations and power controls. For example, sub-slot configuration for PUCCH, where the starting symbol of a PUCCH resource is defined with respect to the first symbol of sub-slot and a PUCCH resource is confined within each sub-slot, can be a candidate unit of repetition for intra-slot PUCCH repetition. In this way, intra-slot PUCCH repetition would be straightforwardly supported by replacing the slot with sub-slot in the already supported inter-slot PUCCH repetition with little standardization efforts.
Support intra-slot PUCCH repetition based on sub-slot configuration.

Power control for PUCCH repetitions
Another issue is power control of each PUCCH repetition towards different TRPs. For single-TRP transmission scenario specified in Rel-15, a UE determines the transmission power for a PUCCH transmission occasion based on the open-loop parameters including beam-specific pathloss and closed-loop power adjustment, where P0 set, pathloss reference RS set and closed-loop adjustment state set for PUCCH are configured by RRC, spatial relation indication is carried by MAC CE, and the linkage between PUCCH power control parameters and MAC CE field are also configured by RRC. Once a PUCCH spatial relation indication is activated, the corresponding PUCCH power control parameter P0, pathloss reference RS and closed-loop adjustment state will be determined. In addition, closed-loop power adjustment for a PUCCH transmission is indicated by the TPC command value included in a dedicated DCI, e.g., DCI format 1_0 or DCI format 1_1, or a group-common DCI, i.e., DCI format 2_2.
For more than one PUCCH transmission in Rel-16 MTRP scenario, it is not reasonable to just use one set of power control parameters for all PUCCHs. Since the PUCCH transmissions to different TRPs would experience unequal pathloss and distinct beamforming gain. Independent power control parameters for PUCCHs for different TRPs are needed to cope with different channel conditions. In addition, to align with current PUCCH power control framework, using different PUCCH spatial relation indications to indicate different PUCCH power control parameters for different PUCCH transmissions should be supported. 
For TPC command carried by DCI format 1_0/1_1, as discussed above, the association between PUCCH and CORESET can be used to indicate which PUCCH closed-loop power control shall be applied. However, for TPC command carried by DCI format 2_2, PUCCH transmissions to different TRPs can apply different TPC commands by different closed-loop adjustment states. Based on above principles, different PUCCH transmissions can implement independent closed-loop power controls.
For PUCCH enhancement in MTRP, support independent power controls for PUCCH repetitions to different TRPs.

[bookmark: _GoBack]Conclusions 
1. 
1.1. 
In this contribution, we have following observations and proposals:
1. The scheduling pattern in Figure 1.a) can support PUSCH repetition with different panels, which has been supported in current specification.
1. when frequency hopping of PUSCH is configured, there is dependency between frequency hopping pattern and beam pattern.
1. beam switching based on slot level can satisfy different configuration of UEs in same cell.

1. Support SFN, TDM and combination of the two for multi-TRP PDCCH enhancement. 
Support Alt1 for association of CORESETs and search space for PDCCH reliability enhancement:  
· adopt Alt1-1 to support SFN and SFN+TDM scheme. 
· adopt Alt1-3 to support explicitly and implicitly linked PDCCH chances/candidates.
Support M-DCI based PUSCH repetition enhancement with  option2 and option3 as starting point.
To support single DCI based PUSCH towards M-TRP, SRI bit width needs to be increased.  
. To support single DCI based PUSCH towards M-TRP, TPMI/RI field needs a new design compared with legacy interpretation.
 To support single DCI based PUSCH towards M-TRP, the bit field needs to be doubled.
To support single DCI based PUSCH towards M-TRP, PTRS-DMRS association field needs to be enhanced.
Further compare pros and cons between S-DCI and M-DCI to determine whether to support S-DCI or M-DCI PUSCH enhancement towards different TRPs.
Support both type 1 and type 2 CG PUSCH transmission towards MTRP.
Repetitions of a TB can be transmitted on multiple CG type 1 and type 2 PUSCH transmission occasions towards MTRP.
if the number of repetition is more than 1, support cyclical mapping pattern and sequential mapping pattern for PUSCH repetition.
the association between frequency hopping pattern and beam pattern should be further studied.
For PUSCH repetition Type A configured with only 1 repetition, beam switching of PUSCH is based on intra-slot frequency hopping. 
Support same PUCCH resource for PUCCH repetition with two spatial relations configured by higher layer signaling or by MAC CE activation.
Support intra-slot PUCCH repetition based on sub-slot configuration.
For PUCCH enhancement in MTRP, support independent power controls for PUCCH repetitions to different TRPs.

Appendix
Link-level simulation parameters and assumptions for PDCCH enhancement
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

	Channel model
	CDL-A (delay spread: 20 ns) as in 38.901 

	UE speed
	3 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports 
(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ
The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

	UE antenna configuration
	2 Tx/2 Rx antenna ports
(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)
(dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ

	CORESET
	96PRB ,2 symbols

	Payload 
	52+24(CRC)=76bits

	AL
	4,8,16

	Interleaving
	disabled

	REG bundling size
	6

	Precoding assumptions
	2-port precoding cycling with REG bundling size

	Receiver assumption
	Soft bits combing for separate encoding with repetition number=2

	Channel estimation
	Practical

	Receiver type
	MMSE



LLS parameters and assumptions for PUSCH enhancment
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

	Channel model
	CDL-A (delay spread: 20 ns) as in 38.901 

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports 

	UE antenna configuration
	2 Tx/2 Rx antenna ports

	System bandwidth
	160 MHz
Note: For TDD, 160 MHz for DL/UL. No FDD bands identified at 30 GHz currently. 

	Sub-carrier spacing
	120 kHz
Note: Other values for evaluation are not precluded. 

	Channel estimation
	Practical

	Receiver type
	MMSE

	The number of TRPs
	2

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

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

	Blockage
	Option 1: Blockage model from Rel-16 (x dB power offset with probability p): Companies to report x and p, and other assumptions, if any.(P=0.1,x=10)

	# of RBs/symbols
	(40 RB,4 symbols)

	DMRS pattern
	DM-RS configuration type 1

	# of layers
	1

	Code rates
	0,4

	Frequency hopping
	disabled

	UL transmission scheme
	Codebook based UL transmission is baseline. 

	Redundancy Version
	{0，0}

	Number of repetitions (when applicable)
	2,

	Schemes
	TDM

	Receiver assumption
	soft combining
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