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Introduction
In the plenary RAN#86 meeting, the following objectives on the enhancements on NR-MIMO were laid out regards to multi-TRP deployment [1]:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· 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 
· Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
· Enhancement to support HST-SFN deployment scenario:
a. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
b. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

This contribution discusses various issues regarding PUSCH and PDCCH reliability enhancements for multi-TRP deployments.
PDCCH reliability enhancements
The following agreements were reached in RAN1#103e with respect to PDCCH reliability enhancements [2].

Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x

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

Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).

Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.

In this section, simulation results and proposals related to PDCCH reliability enhancements are discussed.

Comparison of link level performances and observations
In this subsection, link level simulation results for enhancements on the PDCCH reliability are shown and discussed. The following schemes are compared:
· Single TRP transmission with AL = L,
· Multi-TRP transmission employing SFN (single PDCCH candidate with two TCI states), each transmission with AL = L, 
· Multi-TRP transmission employing multiple PDCCH candidates, each transmission with AL = L. The following decoding methods were considered for this scheme:
· Selection decoding: The PDCCH candidates are decoded one after the other until a valid DCI is obtained. For selection decoding, DCI repetition or multi-chance DCI is applicable.
· Soft-combining: The soft outputs are combined from two PDCCH candidates and fed to the decoder. For the soft-combining decoding, only DCI repetition is applicable.
· Hybrid decoding: This decoding scheme is a combination of soft-combining and selection decoding. A first PDCCH candidate is attempted for decoding. If a valid DCI is not obtained, the soft output from two PDCCH candidates is combined and attempted for decoding. For the hybrid decoding scheme, only DCI repetition is applicable.
The simulation assumptions are given in the appendix. Fig. 1 and Fig. 2 present the results for FR1 transmissions when the pathloss difference between the two transmissions is 0 dB (left figure) and 3 dB (right figure).
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	Figure 1: Link-level simulation results for S-TRP and M-TRP transmissions at FR1 employing SFN and PDCCH repetition with selective decoding, soft-combining, and hybrid decoding, AL=8.
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Figure 2: Link-level simulation results for S-TRP and M-TRP transmissions at FR1 employing SFN and PDCCH repetition with selective decoding, soft-combining, and hybrid decoding, AL=4.

As observed from the figures, for multi-TRP-based transmissions, the gain over single-TRP transmission increases when the pathloss difference between the two TRP decreases. Moreover, soft-combining outperforms selective decoding. The performance gap between the two decoding techniques increases with decreasing pathloss difference between the two TRPs. It is also be observed that hybrid decoding slightly performs better than soft-combining.

Observation 1: The following observations are made from the PDCCH reliability enhancement simulation results for FR1:
· PDCCH repetition and SFN-based PDCCH transmission from two TRPs improves PDCCH reliability.
· In the case of PDCCH repetition or multi-chance PDCCH from two TRPs, the hierarchy in terms of performance is as follows: hybrid decoding > soft-combining > selection decoding.
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Figure 3: Link-level simulation results for S-TRP and M-TRP transmissions at FR2 employing PDCCH repetition with selective decoding, soft-combining, and hybrid decoding, for AL=8 (left) and AL = 4 (right).

For FR2 transmissions, a blockage probability of 10% was considered for each TRP with a blockage power of 10 dB. Fig. 3 presents results for S-TRP and M-TRP transmissions employing selective decoding, soft-combining, and hybrid decoding with AL=8 and AL=4. As shown in the results, an error floor is observed for S-TRP transmissions at BLER = 0.1 due to the TRP blockage. Also, the error floor is observed for the multi-TRP transmissions methods, however, at BLER = 0.01 or close to BLER = 0.01 under the same blockage circumstances. Furthermore, selective decoding is slightly better than soft-combining and hybrid decoding at medium SNRs (the difference is more pronounced for AL = 8), but falls behind both schemes at high SNR.
Observation 2: The following observations can be made from the PDCCH reliability enhancement simulations for FR2
· Blockage results in error floors for all methods. Multi-TRP schemes can reduce the error floor over the single-TRP scheme.
· Soft-combining and hybrid decoding perform better than selective decoding at low and high SNRs.
Proposals for PDCCH reliability enhancements
Scheme for PDCCH transmission

In the previous meeting, at least Option 2 + Case 1 was agreed to be supported. The support of Alt-3 in this scenario is taken as a working assumption. The issues raised regarding this alternative and CORESET BFR shall be addressed without considering a different alternative such as Alt 1-3 as it would complicate the specification further. The specification shall have just one transmission scheme for PDCCH reliability enhancement in non-SFN scenarios, which is Alt-3.
Proposal 1: Confirm the following working assumption:
· For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs). 
Proposal 2: In the confirmation of the working assumption on the usage of Alt-3 and option 2 + case 1, do not include any other scheme for non-SFN scenarios. Work on addressing any deficiencies without the inclusion of one of the other alternatives.
Facilitating Alt-3 for PDCCH reliability enhancement
To enable the use of Alt-3 for PDCCH reliability enhancement along with Option 2 and Case 1, the following aspects still need to be discussed.
· Signaling of search space sets that contain the 2 PDCCH candidates corresponding to a DCI: The search spaces sets that contain the linked PDCCH candidates in the respective CORESETs have to be explicitly signaled. RRC signaling of the association between any two search space sets would be the obvious choice to start with. However, to dynamically or semi-persistently modify the association among the search space sets, lower layer signaling can be used. If the feature is widely considered for use only in certain UE mobility scenarios, cell edge movement for e.g., then MAC-CE would be a better choice for associating search space sets that contain the 2 PDCCH candidates.
· Options to link the PDCCH candidates in the search space sets: If the two search space sets that contain the associated PDCCH candidates are explicitly associated as mentioned above, the PDCCH candidates in the respective search space sets that contain the same DCI need to be identified by the UE for decoding purposes. A fixed method of linking the PDCCH candidates can be specified. Since option 2 mandates that the DCI is repeated exactly in the 2 PDCCH candidates, the linked candidates shall have the same aggregation level. In addition, a simple method of linkage would be the use of the PDCCH candidate index. Therefore, the linkage of PDCCH candidates with the same PDCCH candidate index in the same aggregation level would address the restrictions required for option 2 and facilitate soft-combining.

Proposal 3: The search spaces sets that contain the linked PDCCH candidates are explicitly signaled via RRC or MAC-CE. MAC-CE is preferred for dynamic or semi-persistent linkage of the PDCCH candidates. 

Proposal 4: The PDCCH candidates with the same PDCCH candidate index in a given aggregation level in the two search space sets are linked with each other.
UE capability and blind decoding attempts for various decoding methods

From the above observations, it can be understood that, in general, soft-combining or hybrid decoding perform better than selective decoding. For Option 2 + Case 1, any of the 3 decoding methods – selective decoding, soft-combining and hybrid decoding – can be applied, based on the UE’s capability. The phase 3 discussions in the last meeting summarized the possible decoding methods and the BD complexity of each method was discussed allowing for various gNB transmission and UE capability possibilities.

FL Proposal
· For CCE limit, Rel. 15/16 procedures are enough as the CCEs of the two PDCCH candidates can be considered separately for channel estimation complexity purpose.
· For BD limit:
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding:
· >= 1 unit (Assumption 1): UE only decodes the combined candidate without decoding individual PDCCH candidates (the reason for >= is that soft-combining may have additional complexity associated with storing)
· 2 units (Assumption 2): UE decodes individual PDCCH candidates
· >= 2 units (Assumption 3): UE decodes the first PDCCH candidate, UE also decodes the combined candidate
· >=3 units (Assumption 4): UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Overall, 2 BDs or 3 BDs can be considered given the above, which may depend on UE capability and/or configuration. Given this, it should be discussed whether “soft-combining” can be transparent to the spec.

Considering any method that takes more than 2 blind decoding attempts is an over-usage of resources for one DCI, we may discount at least assumption 4 from the methods considered for decoding.

Proposal 5: Assumption 4 shall not be considered for the process of decoding a DCI transmitted on multiple PDCCH candidates.

To refine the FL proposal from the phase 3 discussions in RAN1#103-e, the BD complexity shall be fixed for each decoding method. For that purpose, the decision on the total complexity of soft-combining is enough. The soft-combining process may be considered to have a complexity of  wherein , and  takes into account the UE’s additional requirements to carry out soft-combining such as memory requirements for LLR computation, addition of LLRs from the 2 PDCCH candidates, the number of other blind decoding processes and the resources that may be obstructed due to the resources used for soft-combining, etc. The decision on the value of  can be provided by UE and chip vendors based on their observations. 

Proposal 6:
The number of blind decoding attempts that could be counted for each method is as follows:
· Assumption 1 – Soft-combining only: 
· Assumption 2 – Selection decoding: 
· Assumption 3 – Hybrid decoding (select one candidate and decode, and soft-combining): 
where .

In the case of option 2 + Case 1, the definition of option 2 mandates that the bit pattern of each PDCCH candidate is repeated which makes it suitable for soft-combining. Therefore, if Option 2 + Case 1 is the only non-SFN transmission method supported by the specification, the UE may use any decoding method and the decoding method may be transparent to the gNB. However, if a transmission scheme that is not suitable for soft-combining is used, gNB selection for example (i.e., the gNB may choose to transmit the DCI on only one of the 2 PDCCH candidates), then the UE cannot use soft-combining for decoding. Hence, either the UE has to explicitly be indicated regarding the gNB’s selection or depending on UE’s decoding capabilities, gNB selection has to be enabled or disabled for the PDCCH transmission. If a UE is capable of only soft-combining for a DCI repetition, the gNB has to adapt the PDCCH transmission method to option 2, and no other option can be used. From the above discussion, the conclusions in the following table can be made:

	PDCCH transmission schemes in the specification
	Is gNB selection possible? (i.e., the gNB may choose to transmit the PDCCH in only one of the PDCCH candidates)
	Can soft-combining at the UE be transparent to the gNB?

	Option 2 + Case 1 only
	Yes
	No: the gNB needs to know that the UE can perform selection decoding when only one of the PDCCHs comprises the DCI.

	
	No
	Yes: the UE may use any decoding method – selection, soft-combining, or hybrid – and the gNB does not need to know the decoding method.

	Option 2 + Case 1 and other transmission method
	Yes/No
	No: the gNB needs to know if the UE can perform selection decoding if the transmission method does not support soft-combining.



The gNB should know the number of blind decoding attempts to be counted in the case of decoding PDCCH repetitions for the scheduling of PDCCH and overbooking purposes. Therefore, a UE capability shall be introduced for the number of blind decoding attempts for decoding a DCI associated with multiple PDCCH candidates. The capability of soft-combining may be deduced from the reported value, if it is unique from the other possible values. If the value isn’t unique, a separate or different capability may be reported for soft-combining. However, this separate capability reporting is required only if more than one non-SFN transmission method is specified and/or if gNB selection is performed in the case of Option 2 + Case 1. If not, the UE’s capability for soft-combining is not required to be known at the gNB. As mentioned earlier, specifying multiple transmission schemes, i.e., schemes in addition to option 2 + case 1, for non-SFN PDCCH reliability would complicate the specification. Therefore, in the case of gNB-selection in option 2 + case 1, no other transmission schemes should be supported and the soft-combining capability at the UE needs to be known at the gNB if gNB selection is allowed in the spec. Therefore, the following proposal and observation are made:

Proposal 7: A UE capability for the number of blind decoding attempts while decoding DCI transmitted on multiple PDCCH candidates is introduced. 

Observation 3: The UE’s capability regarding soft-combining needs to be known at the gNB if gNB selection, i.e., the transmission of the DCI in only one of the associated PDCCH candidates, is allowed or possible in Option 2 + Case 1.
Other aspects in linking of PDCCH candidates

PUCCH resource indication

The indication of the PUCCH resource for HARQ-ACK in the DCI when in a PUCCH resource set are more than 8 resources is another issue to discuss. When the DCI is repeated in two PDCCH candidates in two SS sets in respective CORESETs with the restrictions applicable for option 2 and case 1, the DCI content and the coded, rate-matched bits in the PDCCH candidates are essentially the same. Therefore, the DCIs in both candidates comprise the same PRI, but due to the different start CCE indices of the PDCCH candidates and the number of CCEs in the CORESET, the chosen PUCCH resource according to each DCI may be different. To address this, three alternatives were provided in the discussions in RAN1#103-e. The alternatives and their pros and cons are listed below:
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Pros: Decreased UE complexity
· Cons: Some scheduling restrictions, specification impact 
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· Pros: No scheduling restriction
· Cons: Specification impact 
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates 
· Pros: No specification impact
· Cons: Increased gNB complexity

The restriction would further complicate PDCCH scheduling as the CORESETs available in a given BWP may not always be configured or it may not be possible to configure them with the same number of CCEs. Alt-2, in our opinion, has the least restrictions and the most flexibility as it can be applicable with any CORESET or SS set configuration. One of the PDCCH candidates can be considered as a “default DCI carrier”, i.e., the start CCE index and the number of CCEs of the CORESET associated with a fixed PDCCH candidate among the associated PDCCH candidates can be taken for PUCCH resource determination. The other PDCCH candidate can be considered as an “ancillary DCI carrier” or “back-up DCI carrier” which enhances the DCI decoding reliability.

Proposal 8: For PUCCH resource determination, support ALT-2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied.

The CORESET with the lowest CORESET ID or the one associated with the lowest CORESET pool index and the associated PDCCH candidate can be used to determine the PUCCH resource.

Restrictions for the search space sets that contain the linked PDCCH candidates

The two search space sets that contain the linked PDCCH candidates have to be of the same type (common or UE-specific) and the PDCCH candidates in both the search space sets shall be monitored for the same DCI formats. Therefore, the following proposal is made:

Proposal 9: The search space sets containing the linked PDCCH candidates shall be of the same search space type and the DCI formats to be monitored in both the search space sets shall also be the same.
Inter- and intra-slot repetition

In the last round of discussions in RAN1#103-e, the slot-based repetition of the DCI was discussed without any agreement. In our opinion, both inter-slot and intra-slot repetition can be supported. Intra-slot repetition, however, for latency purposes can be supported with higher priority. Inter-slot repetition can be supported after further discussion on the basis of necessity.
Proposal 10: Support intra-slot repetition of PDCCH.
· FFS: Specifying inter-slot repetition
PUSCH reliability enhancements
The following agreements were reached in RAN#1-103e with respect to PUSCH reliability enhancements [2].
Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)

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

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

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

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

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

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

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

In this section, PUSCH reliability enhancements are discussed.

PUSCH M-TRP sounding
The scheduling aspects of PUSCH for M-TRP with a single DCI were agreed until RAN1#103-e. The DCI indicates 2 TPMIs, 2 TPC commands, 2 SRIs and an RV mapping scheme for the use of different RVs for different repetition instances. The sounding aspects need to be finalized next. In the previous meeting, a maximum of 2 SRS resource sets were agreed for codebook and non-codebook transmission schemes. The following updates in the specifications are required to support this feature:
· Activating or deactivating multiple codebook/non-codebook SP-SRS resource sets via a MAC-CE command so that the resources for channel sounding are triggered and deactivated simultaneously.
· Association of SRI fields and the SRS resource sets transmitted before the PUSCH scheduling.
Proposal 11: A MAC-CE command is used for the activation/deactivation of multiple SP-SRS resource sets.
Proposal 12: The association of the SRI fields with the SRS resource sets transmitted before the PUSCH scheduling follows the association in Rel-15/16.
M-TRP PUSCH scheduling via configured grant
In the case of configured grant scheduled PUSCH for M-TRP, a similar approach as the DCI scheduling can be taken. A single DCI is used for the scheduling of PUSCH repetitions with 2 SRIs, 2 TPMIs (for codebook PUSCH), 2 TPC commands and RV mapping for PUSCH repetitions. A single higher layer configured grant can similarly be provided to the UE that provides the necessary SRIs and TPMIs (for codebook PUSCH). This would be a straightforward extension for single DCI based M-TRP PUSCH repetition and would save specification effort.
Proposal 13: Use a single configuration of higher layer configured grant to schedule M-TRP PUSCH repetition with 2 SRIs and 2 TPMIs (in the case of codebook PUSCH).
SRI and TPMI indication
SRI indication
The pros and cons of the two options for the indication of two SRIs are as follows:
	
	Pros
	Cons

	Alt1: Bit field of SRI shall be enhanced
	The same DCI format can be maintained while having a new higher layer signaling for the change in the SRI bit field pattern and/or size.
	Specification effort for the bit pattern of the enhanced SRI field.

	Alt2: No changes on the SRI field (i.e., introduce two SRI fields)
	-
	Introduction of a new DCI format and modification of the search space configuration for the UE to search for the newly created format.



In our opinion, the reuse of the existing DCI format is a better trade-off for the indication of the SRIs. In the case of multi-TRP PDSCH, the existing DCI formats are reused for scheduling various schemes of PDSCH multiplexing. A similar approach can be utilized in this case as well.
Proposal 14: For the indication of the two SRIs, Alt-1 is chosen: Bit field of SRI shall be enhanced.

TPMI indication
As the same TB is repeated in two basic repetitions of the PUSCH, using the same number of layers for the repetitions is a simple way. If different sets of layers are used for the repetitions, the time-domain allocation, MCS, DMRS ports indication, etc. may also have to be modified in the DCI to adjust the repetitions for the different number of layers. Therefore, going with the same number of layers, i.e., the same set of DMRS ports for the two basic repetitions would be a simple option.
Proposal 15: Use the same number of layers for the two indicated TPMIs.
The decision on the number of SRS ports affects the SRS configuration for the two SRS sets used for sounding and SRI indication. The indication of the two TPMI values, each with the same or different number of SRS ports, does not affect the other parameters in the PUSCH-scheduling DCI. In terms of efficiency with respect to specification effort, keeping the number of SRS ports identical or different does not matter. Therefore, to have more flexibility, the better option would be to not specify any restrictions on the number of SRS ports between the two TRPs, i.e., on the number of SRS ports used for the resources in the 2 SRS resource sets.
Proposal 16: No restrictions regarding the number of SRS ports are used between the TRPs for codebook-based multi-TRP PUSCH repetition.
For the indication of TPMI values, we have a similar opinion as the SRI fields: one TPMI field shall be used and it shall be enhanced to indicate two values.
Proposal 17: For the indication of 2 TPMI values, one TPMI field shall be used and the field shall be enhanced to indicate two values.
Conclusion
Observation 1: The following observations are made from the PDCCH reliability enhancement simulation results for FR1:
· PDCCH repetition and SFN-based PDCCH transmission from two TRPs improves PDCCH reliability.
· In the case of PDCCH repetition or multi-chance PDCCH from two TRPs, the hierarchy in terms of performance is as follows: hybrid decoding > soft-combining > selection decoding.

Observation 2: The following observations can be made from the PDCCH reliability enhancement simulations for FR2
· Blockage results in error floors for all methods. Multi-TRP schemes can reduce the error floor over the single-TRP scheme.
· Soft-combining and hybrid decoding perform better than selective decoding at low and high SNRs.

Proposal 1: Confirm the following working assumption:
· For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs). 
Proposal 2: In the confirmation of the working assumption on the usage of Alt-3 and option 2 + case 1, do not include any other scheme for non-SFN scenarios. Work on addressing any deficiencies without the inclusion of one of the other alternatives.
Proposal 3: The search spaces sets that contain the linked PDCCH candidates are explicitly signaled via RRC or MAC-CE. MAC-CE is preferred for dynamic or semi-persistent linkage of the PDCCH candidates. 

Proposal 4: The PDCCH candidates with the same PDCCH candidate index in a given aggregation level in the two search space sets are linked with each other.

Proposal 5: Assumption 4 shall not be considered for the process of decoding a DCI transmitted on multiple PDCCH candidates.

Proposal 6:
The number of blind decoding attempts that could be counted for each method is as follows:
· Assumption 1 – Soft-combining only: 
· Assumption 2 – Selection decoding: 
· Assumption 3 – Hybrid decoding (select one candidate and decode, and soft-combining): 
where .

Proposal 7: A UE capability for the number of blind decoding attempts while decoding DCI transmitted on multiple PDCCH candidates is introduced. 

Observation 3: The UE’s capability regarding soft-combining needs to be known at the gNB if gNB selection, i.e., the transmission of the DCI in only one of the associated PDCCH candidates, is allowed or possible in Option 2 + Case 1.

Proposal 8: For PUCCH resource determination, support ALT-2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied.

Proposal 9: The search space sets containing the linked PDCCH candidates shall be of the same search space type and the DCI formats to be monitored in both the search space sets shall also be the same.
[bookmark: _GoBack]
Proposal 10: Support intra-slot repetition of PDCCH.
· FFS: Specifying inter-slot repetition

Proposal 11: A MAC-CE command shall be created for the activation/deactivation of multiple SP-SRS resource sets.
Proposal 12: The association of the SRI fields with the SRS resource sets transmitted before the PUSCH scheduling shall be made similar to the association in Rel-15/16.
Proposal 13: Use single configuration of higher layer configured grant to schedule M-TRP PUSCH repetition with 2 SRIs and 2 TPMIs (in the case of codebook PUSCH).
Proposal 14: For the indication of the two SRIs, Alt-1 is chosen: Bit field of SRI shall be enhanced.

Proposal 15: Use the same number of layers for the two indicated TPMIs.
Proposal 16: No restrictions regarding the number of SRS ports are used between the TRPs for codebook-based multi-TRP PUSCH repetition.
Proposal 17: For the indication of 2 TPMI values, one TPMI field shall be used and the field shall be enhanced to indicate two values.
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Appendix

Simulation assumptions for the link-level evaluations
	Parameters
	Values

	# of symbols
	2 symbols

	DCI payload
	40+24(CRC)=64

	CCE-to-REG mapping
	Interleaved

	REG bundling size
	6

	Multiplexing scheme
	FDM

	Channel estimation
	Realistic

	Equalizer
	MMSE

	Blockage model
	10% blockage probability for each TRP with 10 dB blockage power offset
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