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Introduction
As approved in RAN #86, improvement of reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel was identified in the WID on further enhancement of MIMO in Rel-17 [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.
In RAN1#103-e meeting, the following agreements were achieved [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.

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.

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

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

Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

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

Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1
Agreement
For configuration/indication of the number of PUCCH repetitions for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  
· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting.  
Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  

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

Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beams are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.
In RAN1#102-e meeting, the following agreements were achieved [3].
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 (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 

In this contribution, the potential enhancements on PDCCH, PUSCH and PUCCH are discussed.
Enhancements on PDCCH
Multiplexing schemes 
In RAN1#102-e meeting, it was agreed to study the following multiplexing schemes: TDM, FDM and SFN. Combinations of the schemes are not precluded, and they can be discussed at a later stage. In RAN1 #103-e meeting, it was agreed to support SFN + Alt 1-1 for PDCCH reliability enhancements. Therefore, TDM and FDM based multiplexing schemes need further discussion.
At first, TDM should be supported as it is feasible for UE with one panel in FR2. FDM can also be supported by UE with multi-panel to reduce latency. Furthermore, if FDM based multiplexing is not supported, scheduling flexibility of the gNB will be limited. Therefore, we propose to support both of two multiplexing schemes, and these two multiplexing schemes can be applied in different scenarios for UEs with different capabilities. 
Proposal 1: TDM and FDM based multiplexing schemes can both be supported.
Considering that PDCCH can only be transmitted in CORESET which occupies time and frequency domain resources, TDM and FDM based multiplexing schemes can be divided into intra-CORESET multiplexing and inter-CORESET multiplexing. Inter-CORESET multiplexing can be further divided based on the positions of the CORESETs. Therefore, TDM and FDM based multiplexing schemes can be,
· Intra-CORESET multiplexing
· Intra-slot inter-CORESET multiplexing
· Inter-slot multiplexing
For intra-CORESET multiplexing, two PDCCH candidates can be transmitted in the same SS set or different SS sets in one CORESET (e.g., Alt.1-1, Alt.1-2 and Alt.1-3). Correspondingly, the range of blind detection or blind combination is also limited to one SS set or one CORESET. Although TCI framework of the CORESET needs to be enhanced, this multiplexing scheme still can be supported to not restrict scheduling flexibility of the gNB.
For intra-slot inter-CORESET multiplexing, two PDCCH candidates are transmitted in different CORESETs in one slot (e.g., Alt.3). In RAN1#103-e meeting, a working assumption related to Alt.3 was made. For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt.3. If this working assumption is confirmed, this multiplexing scheme will be supported naturally.
For inter-slot multiplexing, two PDCCH candidates can be transmitted in (not necessarily consecutive) two slots in the same or different SS sets or CORESET. This multiplexing method applies to UEs which have less strict latency requirement. Moreover, as simulated by [4], inter-slot multiplexing is helpful to reduce PDCCH blocking probability. Therefore, this multiplexing scheme can also be supported.
Proposal 2: The following schemes can be supported for TDM and FDM based multiplexing,
· Intra-CORESET multiplexing
· Intra-slot inter-CORESET multiplexing
· Inter-slot multiplexing
Issues in PDCCH repetition
In RAN1#103-e meeting, several issues in PDCCH repetition are identified, including 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. It can be observed in Figure 1, except for SFN based multiplexing scheme, PDCCHs in different repetitions could have different time and/or frequency resources, which leads to more than one associated PUCCH/ PDSCH/PUSCH/CSI-RS/SRS resource. In this section, several issues will be discussed.
With regard to slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, Figure 1 shows an example. In this figure, inter-slot multiplexing is adopted. The network transmits DCI repeatedly in slot n and slot n+1, and the network would schedule PDSCH in slot n+2. If the signaling contents of two DCIs are exactly the same, the UE might think two PDSCHs are transmitted in two slots. Some mechanisms are needed to solve this issue. A straightforward method is that K0=2 and K0=1 are carried by DCIs in slot n and slot n+1, respectively (i.e., option 3, multi-chance scheme). Besides, a predefined DCI or timing of DCI reception can be defined, and the scheduled PDSCH can be determined by this predefined DCI or predefined timing. The predefined DCI or predefined timing can be one of the linked PDCCH candidates.


Figure 1 Example of PDSCH scheduling with PDCCH repetition scheme
Proposal 3: To solve slot offset issue for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, the following alternatives can be considered,
· Alt.1: Support Option 3 (multi-chance) to ensure two DCIs schedule the same PDSCH/PUSCH/CSI-RS/SRS
· Alt.2 Introduce a predefined or reference DCI or timing of DCI reception
With regard to PUCCH resource determination for HARQ-ACK, three alternatives were provided in RAN1#103-e meeting. In Alt.1, gNB should ensure same start CCE index and the same number of CCEs in the two CORESETs, which will limit scheduling flexibility of the gNB. The number of CCEs in one CORESET should not be restricted by repetition scheme and the number of CCEs in other CORESETs. In Alt.2, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. For example, the linkage between two PDCCH candidates is configured by RRC signaling and it is known to both gNB and the UE. However, the starting CCE index of the linked PDCCH candidate might be ambiguous if the related DCI is not detected or the starting CCE index cannot be derived from the linkage. In 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. It means that the gNB will ensure that the UE determines the same PUCCH resource based on any of the two linked PDCCH candidates. This alternative is similar to the mechanism of Option 3 (multi-chance). Although some restriction exists for gNB, how to achieve the same PUCCH resource is not limited. Therefore, among these three alternatives, we slightly prefer Alt.3.
Proposal 4: For PUCCH resource determination when the corresponding PUCCH resource set has a size larger than eight, Alt.3 (i.e., up to the UE to determine the PUCCH resource) is preferred.
In Option 2, another issue is whether to support dynamic switching between STRP and MTRP explicitly or not. If dynamic switching is supported explicitly, gNB will inform UE (e.g., through a MAC-CE signaling) before switching. Correspondingly, the UE can monitor PDCCH(s) and determine proper rate matching pattern for PDSCH. If dynamic switching is supported implicitly, gNB can transmit either one PDCCH or two PDCCH repetitions according to its scheduling, and the UE does not know how many PDCCHs are transmitted. In this case, if soft combining based decoding is performed by UE, the UE will always combine two linked PDCCH candidates and decode them together. If resource of one PDCCH is occupied by other signals and the UE still performs soft combining decoding, reliability of PDCCH will be reduced. Therefore, we propose to support dynamic STRP and MTRP switching explicitly.
Proposal 5: Dynamic switching between STRP and MTRP can be supported explicitly, i.e., a signaling is transmitted by gNB to inform UE before the switching.
PDCCH reliability enhancements
In RAN1 #102-e meeting, it was agreed to study several alternatives (Alt.1-1, Alt.1-2, Alt.1-3, Alt.2 and Alt.3) to enable PDCCH transmission with two TCI states for non-SFN schemes. Besides, it was also agreed to study three options (Option 1, Option 2 and Option 3) to enhance PDCCH reliability. In RAN1#103-e meeting, Alt.1-1 and Option 2 have already been agreed, and a working assumption about supporting Alt.3 was made. In this section, some other options and  alternatives will be discussed.
With regard to options for PDCCH reliability enhancements, Option 1 and Option 3 have not been agreed yet. As we discussed in Section 2.2, Option 3 can be used to solve slot offset issue for scheduling the same PDSCH/PUSCH/CSI-RS/SRS with minor specification impact. Furthermore, as shown in section 2.6, the performance of Option 3 (with independent decoding) is as good as Option 2 (with soft combining decoding) in FR2 with blockage. Therefore, we propose to support Option 3 as a supplement of Option 2. Similarly, Option 1 can also be supported since performance gain can be expected in some cases (e.g., no blockage or higher coding rate AL=2).
In [5], we analyzed possible combinations of options and alternatives. Option 1 can be combined with Alt.1-1, and Option 2/3 can be combined with Alt.1-2, 1-3, 2 and 3. In order to support Option 1, the combination of Alt.1-1 and Option 1 should also be supported. For Option 2/3, since there are many candidate alternatives, some down-selection can be performed. 
In Alt.1-2, two repetitions are transmitted within a SS set (e.g., a SS set assigned for PDCCH reliability transmission) or in different monitor occasions of one SS set, and the range of blind detection or blind combination is also limited to this SS set. Besides, Alt.1-2 can support strict TDM multiplexing, strict FDM multiplexing and intra-CORESET multiplexing. Therefore, Alt.1-2 can be supported. TCI framework needs to be enhanced for this alternative.
In 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. Similar to Alt. 1-2, TCI framework also needs to be enhanced for this alternative. Alt.1-3 can support strict TDM multiplexing and intra-CORESET multiplexing. However, strict FDM multiplexing cannot be supported by Alt.1-3 due to lack of frequency domain configuration in SS set. Compared with Alt.1-2, Alt.1-3 supports less multiplexing schemes with similar standardization effort (i.e., improvement on TCI framework of CORESET). If Alt.1-2 is supported, Alt.1-3 can be precluded. 
In Alt.2, one SS set is associated with two different CORESETs. With this alternative, the association between SS set and CORESET shall be enhanced. In other alternatives, the association between SS set and CORESET in Rel.15 can be reused. If down-selection is needed, Alt.2 can also be precluded. 
Compared with Alt.1-1, 1-2, 1-3 and 2, Alt.3 has least specification impact. Therefore, Alt.3 can also be adopted to support Option 2/3.
Based on the above analysis, we have the following proposal:
Proposal 6: The following combinations for non-SFN schemes can be supported,
· Alt. 1-1 + Option 1
· Alt. 1-2, 3 + Option 2/3
Schemes to facilitate blind detection
According to the agreement of RAN1#103-e meeting, at least Option 2 + Case 1 is supported. In Case 1, two (or more) PDCCH candidates can be explicitly linked together. 
Based on the above agreements, the following linkages can be considered.
Linkage 1: Indexes of linked PDCCH candidates or SS sets or CORESETs can be configured or predefined. 
Linkage 2: Time and/or frequency resources of one DCI can be indicated by other DCI.
Linkage 3: Association of TCI states of PDCCH candidates can be configured, predefined or indicated by one DCI.
For Linkage 1, indexes of linked PDCCH candidates or SS sets or CORESETs can be configured by gNB explicitly. Specifically, two types of configuration methods can be considered.
· Linkage 1-1: Two PDCCH candidates are linked explicitly.
· Linkage 1-2: A smaller detection range is configured or predefined. 
In Linkage 1-1, the linked PDCCH candidate indexes (including related SS set index and aggregation level) can be configured for the UE directly. In order to increase scheduling flexibility of the gNB, multiple linked PDCCH candidates (or called PDCCH candidate pairs) can be configured for UE to blindly combine or detect. If independent decoding is performed at the UE and only one PDCCH is detected, the transmission resource of the other PDCCH can also be derived based on this linkage.
In Linkage 1-2, gNB can configure UE to detect two PDCCH repetitions in some specific PDCCH candidates, SS sets, CORESETs, or with configured aggregation level(s). Besides, fixed rules can be predefined to limit detection range. For example, two repetitions can be transmitted in PDCCH candidates with the same index or predefined index offset, or with predefined value of aggregation level (e.g., 8), etc. If independent decoding is performed at the UE and only one PDCCH is detected, the transmission resource of the other PDCCH cannot be derived based on this linkage. 
Linkage 1-1 and Linkage 1-2 are similar in functionality. However, with Linkage 1-2, one of the linked PDCCH candidates cannot be used to determine parameters of other channels or signals (e.g., PUCCH/ PDSCH/PUSCH/CSI-RS, etc.), since the selected PDCCH candidate might not be detected by the UE.
In Linkage 1, indexes of linked PDCCH candidates or SS sets or CORESETs can be configured by RRC signaling. Since SS sets are monitored with the configured periodicity, and PDCCH candidates are associated with SS sets, the linked PDCCH candidates or SS sets or CORESETs shall also have some certain periodicity. Therefore, time or periodicity information is also needed in Linkage 1. The periodicity of the linked PDCCH candidates can be a periodicity of one of the linked SS set, a configured periodicity, etc.
For Linkage 2, there is a field in DCI to indicate time and/or frequency resources of other DCIs. For example, when multi-chance scheme (Option 3) or two-stage DCI is adopted, the earliest several DCIs are used to carry CORESET index and/or SS set index and/or slot index of other DCIs. The linkage can be acquired after the UE decodes one or several DCIs (i.e., Case 2). Compared with Linkage 1, the offset between two PDCCHs can be changed dynamically. However, this linkage is not fit for the case that DCIs in all repetitions are exactly the same (i.e., Option 2).
For Linkage 3, a repetition pattern related to TCI states can be predefined or configured. This pattern includes all TCI states of PDCCHs in the transmission, or an offset of TCI state ID between two PDCCHs. If one PDCCH is detected successfully, the TCI states of other PDCCHs are determined according to their linkage. Therefore, the other PDCCHs will be detected within CORESETs with the determined TCI states. Besides, TCI states of other PDCCHs can also be informed by other DCIs with a new information field.
Proposal 7: The following linkages among multiple PDCCH candidates can be considered to reduce complexity of blind detection.
· Linkage 1: Indexes of linked PDCCH candidates or SS sets or CORESETs can be configured or predefined.
· Linkage 2: Time and frequency resources of one DCI can be indicated by other DCI.
· Linkage 3: Association of TCI states of multiple repetitions can be configured, predefined or indicated by one DCI.
Proposal 8: In Linkage 1, time or periodicity information of the linked PDCCH candidates or SS sets or CORESETs shall be pre-defined or configured.
BD limit
In RAN1#103-e meeting, it was agreed that CCEs of the two PDCCH candidates are counted separately following Rel.15/16 procedures. However, BD limit is for further study. With respect to the complexity associated with RE de-mapping/demodulation, 2 units are required for one BD procedure. With respect to the complexity associated with decoding, four assumptions can be further discussed. Assumption 1 and Assumption 2 are corresponding to soft combining based decoding and independent decoding, respectively. In Assumption 3 and Assumption 4, more advanced decoding algorithms (e.g., decoding the first PDCCH candidate and the combined candidate, or decoding each PDCCH candidate individually and also decoding the combined candidate) and higher complexity are needed. Considering that soft combining based decoding has good performance, there is no need to consider more advanced decoding algorithms explicitly. In other words, more advanced decoding algorithms can be supported by UE’s implementation, and the complexity of them will not be considered in the specification.
For Assumption 1 and Assumption 2, how many units of BD are counted shall be considered. Obviously, 2 units are required for Assumption 2. Assumption 1 may have lower complexity than Assumption 2, since only one decoding procedure is needed in Assumption 1. From the complexity point of view, the required units of BD in Assumption 1 shall be fewer than that in Assumption 2. In order to define a proper BD unit for Assumption 1 and Assumption 2, two options can be considered. One option is that defining different BD limits (the number of BD units can be the same in two assumptions) or different number of BD units for two assumptions. Another option is that Assumption 1 can be treated as an implementation method and it is transparent to the specification. 
Proposal 9: Assumption 1 and Assumption 2 can be further considered for BD limit.
Simulation results
In order to justify the performance gain of PDCCH repetition and evaluate the performance of different decoding algorithms, we provide some preliminary LLS simulation results as shown in Figure 2-7. The simulation assumptions can be found in the Table 1 in the Appendix. In the simulation, 0dB pathloss gap between two TRPs is assumed. In Figure 2 and Figure 3, TDL channel model is adopted. In Figure 4 and Figure 5, CDL without blockage is assumed. In Figure 6 and Figure 7, CDL with blockage is simulated. In blockage modeling,  it is assumed that there is 10% probability of 10dB loss for each of the TRPs, and only one TRP is blocked at one time.
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Figure 2 BLER performance, AL=8, TDL                      Figure 3 BLER performance, AL=16, TDL
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Figure 4 BLER, AL=4, CDL without blockage               Figure 5 BLER, AL=8, CDL without blockage
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Figure 6 BLER, AL=4, CDL with blockage                     Figure 7 BLER, AL=8, CDL with blockage

It is observed that, compared with R15 PDCCH (single TRP based transmission), both soft combining scheme and independent decoding scheme can bring performance gain. Specifically, in FR1 and FR2 without blockage, the performance gain of soft combining over independent decoding is obvious. In FR2 with blockage, two decoding algorithms achieve the similar performance. Therefore, considering performance gain, schemes which require soft combining or independent decoding can both be considered to enhance PDCCH reliability.
Observation 1: For PDCCH repetition, both soft combining scheme and independent decoding scheme can bring performance gain.
Proposal 10: Transmission schemes which require soft combining or independent decoding at the receiver can both be considered to enhance PDCCH reliability.
Enhancement on PUSCH 
In RAN1-103e meeting, it’s agreed that the maximum number of SRS resource sets can be increased to two for codebook based PUSCH with M-TRP. For each TRP in Multi-TRP scenario, similar flexibility can be achieved by following current specs. For example, when higher layer parameter ul-FullPower-Transmission-r16 is set to 'fullpowerMode2', up to 2 or 4 SRS resources can be configured per SRS resource set with usage set to ‘codebook’, subject to UE capability. 
Regarding non-codebook MTRP PUSCH, two SRS resource sets at most can be configured and associated CSI-RS resource can be configured per set. At least one SRS resource can be configured per set. Up to 4 SRS resources can be configured per SRS resource set with usage set to ‘non-codebook’. The maximum number of SRS resources in one SRS resource set with usage set to ‘non-codebook’ is subject to UE capability. 
Proposal 11: To achieve similar flexibility per TRP as in single-TRP case, the configuration of the SRS resource(s) in each SRS resource set with usage set to ‘codebook’ or ‘non-codebook’ can follow the rules of current specs.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In current specs, the beam used for DG PUSCH transmission can follow SRI in DCI format 0-1/0-2. So, it can be a straightforward way to indicate a UE with two different spatial relations corresponding different TRPs together in one DCI.. To indicate two SRIs, two separate SRI fields or one joint SRI field indicating two SRIs can be supported. The bit length of either two SRI fields or one joint field may be doubled compared with only one SRI indicated in a DCI format.
Proposal 12: For MTRP codebook based PUSCH via S-DCI, two separate SRI fields or one joint SRI field in DCI can be supported.
Similar to SRI indication, there are two alternatives to indicate two TPMIs,
· Alt 1: two separate TPMI fields.
· Alt 2: one joint TPMI field.
For Alt 1, the first TPMI field can be corresponding to SRS resource from the lower index of the SRS resource set, and the second field can be corresponding to SRS resource from the other SRS resource set. The length of two TPMI fields can be doubled. For Alt 2, it is necessary to design a mapping rule about the correspondence between the entry of joint TPMIs and preorders used for two TRPs. By joint coding of two TPMIs one bit or more can be reduced compared with two separate TPMI fields.
Proposal 13: For MTRP codebook based PUSCH via S-DCI, one joint TPMI field indicating two TPMIs is slightly preferred considering possible overhead reduction compared with two separate TRMI fields.
In mmW bands, if line-of-sight propagation between a UE and a TRP is blocked by hands or some other obstacles, deep fading  could last for a few seconds or even longer. From the perspective of PUSCH reliability, it is beneficial to transmit PUSCH repetitions through the beam with better quality, instead of using the two TDMed beams all the time. So a UE can be indicated to switch  between one beam and two beams dynamically.  In case two beams switched to only one beam, the PUSCH repetition number of the chosen beam can follow the rules for one TRP in Rel-16  
Proposal 14: For MTRP PUSCH repetitions via S-DCI, dynamic switch between single beam and two TDMed beams is supported.  In case of two beams switched to only one beam, the PUSCH repetition number of the indicated beam should follow the rules for single TRP in Rel-16. 
The pathloss values between a UE and different coordinated TRPs are generally different. So it could be beneficial to apply separate power control for PUSCH repetitions corresponding to different TRPs.  Besides the open-loop power control parameters, the TPC field in a DCI format can be extended for the close-loop power control of two PUSCH repetition beams targeting different TRPs. In DCI, either adding a second TPC field or indicating two command values with one TPC field can be supported. The power used for each PUSCH repetition can follow that of first PUSCH occasion of the same TRP according to accumulated power value or absolute value when the TPC command is applied.
Proposal 15: For separate MTRP PUSCH close-loop power control via S-DCI, option 3 or 4 can be chosen. 
· 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.

In RAN1-103e meeting, it’s agreed to down select M-TRP based CG PUSCH between Alt.1 (single CG configuration) and Alt.2 (multiple CG configurations). For type 1 CG PUSCH, in current specs a UE is semi-statically configured with the higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant.  
For M-TRP type 1 CG PUSCH, it can be a straightforward approach to configure a UE with two rrc-ConfiguredUplinkGrants in one configuredGrantConfig. This method can avoid the potential overlapping of PUSCH repetitions towards two TRPs according to the two configuredGrantConfigs. So it can reduce the gNB configuration complexity and the UE processing complexity as well.  The srs-ResourceIndicator and pathlossReferenceIndex in two rrc-ConfiguredUplinkGrants can correspond to the two coordinated TRPs respectively. Likewise, for MTRP based Type 2 CG PUSCH, it may be straightforward to configure a UE with one configuredGrantConfig not including rrc-ConfiguredUplinkGrant, and schedule MTRP PUSCH repetitions by an UL grant in an activation DCI instead of multiple DCIs. The DCI used for scheduling of type 2 CG PUSCH repetitions can follow the scheme of DG PUSCH towards two TRPs.
Proposal 16: For M-TRP CG PUSCH, single CG configuration is supported.
Enhancement on PUCCH
In RAN1-103e meeting, it was agreed that multi-TRP inter-slot repetition can be used for PUCCH format 1/3/4 at least. However, for short PUCCH format 0/2 inter-slot repetition may not be a good choice because of possible long latency. Reliability of PUCCH format 0/2 can benefit from intra slot repetitions.
Proposal 17: Multi-TRP intra-slot repetition can be applied  to further improve the reliability of PUCCH format 0/2. 
In general, the channel characteristics between a UE and different coordinated TRPs are different. Therefore it’s agreed to adopt separate power control for PUCCH corresponding to either TRP. In current specs, it can be supported that separate power control parameters for different TRP via associating power control parameters with different PUCCH spatial relation info. To support separate power control, either using a joint TPC field or adding a second TPC field can be considered, and the extension method can reuse that of MTRP PUSCH enhancements. According to TPC command the same value of accumulated power applies to f each of PUCCH repetitions with the same associated spatial relation.
Proposal 18: For separate MTRP PUCCH power control, option 3 or 4 can be chosen. 
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
As for separate PUCCH power control in FR1, a UE can be configured with two sets of p0-Sets, pathlossReferenceRSs and twoPUCCH-AdjustmentStates. Open-loop power control parameters such as Pucch-PathlossReferenceRS-Ids in ascending order can be linked with PC-AdjustmentState 0 and 1 respectively.
TPC command extension of DCI format 1_1/1_2 can follow the method similar to that used for PUCCH in FR2. The first and second TPC can be associated with the first and second pathlossReferenceRS respectively.
Proposal 19: For separate MTRP PUCCH close-loop power control in FR1, two sets of p0-Sets, pathlossReferenceRSs and twoPUCCH-AdjustmentStates can be configured. 
As shown in Figure 8, for PUCCH format 1 with target BLER of 0.1% at 4GHz, about 5dB gain over 2 repetitions can be obtained with 8 repetitions. If higher performances gain is expected, more repetitions can be supported, e.g., 16 repetitions.
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Figure 8: PF1 BLER, two TRPs with SNR offset 0/-3/-6dB, number of repetitions 2/4/8/10/12  
Proposal 20: More than 8 repetitions, e.g. 16 repetitions, towards two TRPs can be supported to further improve PUCCH reliability.
Conclusions
In this contribution we provide our views on some aspects need to be considered for supporting multi-TRP/panel-based reliability enhancement for PDCCH/PUCCH/PUSCH in Rel-17. Based on the discussion above, we have the following proposals and observation:
Proposal 1: TDM and FDM based multiplexing schemes can both be supported.
Proposal 2: The following schemes can be supported for TDM and FDM based multiplexing,
· Intra-CORESET multiplexing
· Intra-slot inter-CORESET multiplexing
· Inter-slot multiplexing
Proposal 3: To solve slot offset issue for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, the following alternatives can be considered,
· Alt.1: Support Option 3 (multi-chance) to ensure two DCIs schedule the same PDSCH/PUSCH/CSI-RS/SRS
· Alt.2 Introduce a predefined or reference DCI or timing of DCI reception
Proposal 4: For PUCCH resource determination when the corresponding PUCCH resource set has a size larger than eight, Alt.3 (i.e., up to the UE to determine the PUCCH resource) is preferred.
Proposal 5: Dynamic switching between STRP and MTRP can be supported explicitly, i.e., a signaling is transmitted by gNB to inform UE before the switching.
Proposal 6: The following combinations for non-SFN schemes can be supported,
· Alt. 1-1 + Option 1
· Alt. 1-2, 3 + Option 2/3
Proposal 7: The following linkages among multiple PDCCH candidates can be considered to reduce complexity of blind detection.
· Linkage 1: Indexes of linked PDCCH candidates or SS sets or CORESETs can be configured or predefined.
· Linkage 2: Time and frequency resources of one DCI can be indicated by other DCI.
· Linkage 3: Association of TCI states of multiple repetitions can be configured, predefined or indicated by one DCI.
Proposal 8: In Linkage 1, time or periodicity information of the linked PDCCH candidates or SS sets or CORESETs shall be pre-defined or configured.
Proposal 9: Assumption 1 and Assumption 2 can be further considered for BD limit.
Observation 1: For PDCCH repetition, both soft combining scheme and independent decoding scheme can bring performance gain.
Proposal 10: Transmission schemes which require soft combining or independent decoding at the receiver can both be considered to enhance PDCCH reliability.
Proposal 11: To achieve similar flexibility per TRP as in single-TRP case, the configuration of the SRS resource(s) in each SRS resource set with usage set to ‘codebook’ or ‘non-codebook’ can follow the rules of current specs.
Proposal 12: For MTRP codebook based PUSCH via S-DCI, two separate SRI fields or one joint SRI field in DCI can be supported.
Proposal 13: For MTRP codebook based PUSCH via S-DCI, one joint TPMI field indicating two TPMIs is slightly preferred considering possible overhead reduction compared with two separate TRMI fields.
Proposal 14: For MTRP PUSCH repetitions via S-DCI, dynamic switch between single beam and two TDMed beams is supported.  In case of two beams switched to only one beam, the PUSCH repetition number of the indicated beam should follow the rules for single TRP in Rel-16. 
Proposal 15: For separate MTRP PUSCH close-loop power control via S-DCI, option 3 or 4 can be chosen. 
· 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.
Proposal 16: For M-TRP CG PUSCH, single CG configuration is supported.
Proposal 17: Multi-TRP intra-slot repetition can be applied  to further improve the reliability of PUCCH format 0/2.
Proposal 18: For separate MTRP PUCCH power control, option 3 or 4 can be chosen. 
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
Proposal 19: For separate MTRP PUCCH close-loop power control in FR1, two sets of p0-Sets, pathlossReferenceRSs and twoPUCCH-AdjustmentStates can be configured.
Proposal 20: More than 8 repetitions, e.g. 16 repetitions, towards two TRPs can be supported to further improve PUCCH reliability.
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Appendix
Table 1: Simulation assumptions for PDCCH
	Parameters
	Potential values

	Baseline schemes
	Rel-15 PDCCH

	AL
	4, 8, 16

	# of RBs/symbols
	1 symbol 

	DCI payload
	40+24(CRC)=64

	CCE-to-REG mapping
	Interleaved

	REG bundling size
	6 as baseline.

	Precoding assumptions
	Precoding cycling, precoder granularity=REG bundle

	Schemes
	TDM

	Receiver assumption 
	soft combining or independent decoding for each 
repetition 



Table 2: LLS assumptions for multi-TRP based PUCCH Format 1 reliability enhancement
	Parameters
	Values

	Frequency Range
	4GHz

	Channel model
	TDL-C

	Antenna setup at TRP
	2 port 

	Antenna setup at UE
	1 port

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Configuration for multi-TRP
	Number of coordinating TRPs
	2 TRPs

	
	Backhaul assumption
	Ideal

	Baseline scheme
	Rel-15 PUCCH repetition

	PUCCH format
	Format 1. 

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

	UCI payload 
	2 bits for PUCCH Format 1 

	Frequency hopping
	With frequency hopping

	Number of TDMed repetitions 
	2, 4, 8,10,12

	Schemes
	TDM

	Receiver assumption
	Separate channel estimation and joint detection 
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