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1. Introduction
In 3GPP RAN1 #102-e and 103-e, some agreements on multi-TRP enhancements for PDCCH, PUCCH and PUSCH have been made. In this contribution, we present our views on various aspects on enhancements of PDCCH, PUCCH and PUSCH in multi-TRP system.
2. PDCCH reliability enhancements
PDCCH reliability enhancements with SFN scheme
[bookmark: _Hlk58175777][bookmark: _Hlk53585783]As shown below, it’s agreed to support SFN scheme with Alt 1-1 in RAN1#103-e. In addition, some issues for further study were listed.
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

For PDCCH transmission, a list of TCI states is configured for each CORESET through RRC configuration and only one TCI state is activated by MAC-CE each time in Rel-16. To support PDCCH transmission with two TCI states, different alternatives have been agreed for further discussion in RAN1#102. Among the alternatives, it’s agreed to support SFN scheme + Alt 1-1. In SFN scheme, 2 TRPs transmit the same PDCCH candidate in one CORESET. To support such transmission, two TCI states should be indicated by MAC-CE for one CORESET and thus some enhancements are needed for MAC-CE signaling.
Proposal 1: Support to indicate 2 TCI states for one CORESET by one MAC-CE signaling which can be used for PDCCH reliability enhancement of M-TRP with SFN scheme.
Another issue is related to the default QCL assumption for PDSCH. The default QCL assumption for PDSCH depends on two major factors. One factor is whether TCI field is present in DCI or not, the other factor is whether the offset between the reception of the DL DCI and the corresponding PDSCH is greater than timeDurationForQCL or not. As shown below, four cases of default QCL assumption for PDSCH are listed:
	CASE
	Offset between DCI and PDSCH
	Existence of TCI field in DCI
	Default QCL assumption for DMRS ports of PDSCH

	Case 1
	Offset > timeDurationForQCL
	No TCI indication in DCI
	QCL-ed with the scheduling PDCCH 

	Case 2
	Offset > timeDurationForQCL
	TCI presents in DCI
	According to the TCI indication in DCI

	Case 3
	Offset < timeDurationForQCL
	No TCI indication in DCI
	QCL-ed with the CORESET  in the latest slot with the lowest index 

	Case 4
	Offset < timeDurationForQCL
	TCI in DCI and at least one TCI state for PDSCH contains ‘QCL-TypeD’
	QCL-ed with the CORESET  in the latest slot with the lowest index or the CORESET  in the latest slot with the lowest index configured  with the same CORESETPoolIndex as the scheduling CORESET


When the DCI does not have TCI field and the offset is equal to or greater than the threshold timeDurationForQCL, the UE assumes that the TCI state or QCL assumption for PDSCH is identical to the TCI state applied for the CORESET used for the PDCCH transmission. In such case, the QCL assumption for PDSCH should be specified for SFN scheme with Alt 1-1 because two TCI states are associated with the CORESET at the same time. 
The QCL assumptions for PDSCH in case 3 and 4 also need to be enhanced. In cases 3 and 4, the QCL assumption of PDSCH follows that of the lowest CORESET index. If the CORESET with lowest CORESET index is associated with two TCI states, we need specify how to determine the QCL assumption for PDSCH. For the simplicity of specification, UE can assume that the TCI state or QCL assumption for PDSCH is identical to the 1st TCI state configured to the CORESET with lowest index.
Proposal 2: The QCL assumption of PDSCH is determined as follows:
· For DCI with no TCI field and time offset between the reception of the DL DCI and the corresponding PDSCH is larger than a threshold timeDurationForQCL, use the 1st TCI state configured to the CORESET.
· When the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold timeDurationForQCL, the QCL assumption is 1st  TCI state configured to the CORESET with lowest index.
In Rel-15/16, link recovery procedure is supported by UE through two sets of periodic CSI-RS resource named q0 and q1 which are used for beam failure detection and new candidate beam selection respectively. Two ways for acquiring q0 are specified. One way is explicitly configured by RRC configuration. If q0 is not explicitly configured, UE determines the set q0 to include periodic CSI-RS resource configuration indices from the TCI states of respective CORESETs. For SFN-based PDCCH transmission, each PDCCH is transmitted in a CORESET associated with 2 TCI states in full-overlapped resource. Therefore, the beam link quality of such PDCCH is the link quality of a SFN-based link. The metric for beam failure is hypothetical PDCCH BLER. In the case of SFN-based PDCCH transmission, it seems that we shall calculate the hypothetical BLER based on SFN-based link. In our view, there exist two different method of the UE to calculate the hypothetical BLER of one CORESET. 
· The first method is the UE calculates the BLER of each TCI state and if the BLER of both TCI states configured to that CORESET is worse than the threshold, the UE can claim beam failure on that CORESET. 
· Another method is the UE can calculate one BLER based on the measurement of CSI-RS resources contained in those two TCI states configured to the CORESET and that joint BLER is used to determine if beam failure occurs in that CORESET.
We shall first discuss which method would be used for SFN-based PDCCH beam failure detection. Given the beam failure detection methods, we can consider two alternatives for generating the set q0. 
· Alt1 is one periodic CSI-RS resource that represents the combined radio link quality of TRP1 and TRP2 is assumed as a BFD resource per CORESET. For explicit method of BFD RS, this Alt can be already be supported with current specification. For implicit method of BFD RS, it seems this alternative cannot be supported in current spec because the UE cannot select a periodic CSI-RS resource that represents the combined radio link quality of TRP1 and TRP2 with implicit configuration because the periodic CSI-RS indices in the two TCI states corresponding to each TRP are different. Thus implicit configuration of BFD resource should be enhanced at least to support the link recovery procedure when SFN scheme is applied for PDCCH reliability enhancements
· [bookmark: _GoBack]Alt2 is that two periodic CSI-RS resources with each resource is used for the measurement of each TRP are assumed as the BFD resources per CORESET. If q0 is explicit configured by RRC, Alt 2 can be supported with some minor enhancements on the maximum number that can be used for link recovery procedures.  If two periodic CSI-RS resources are used for BFD, some issues related with the beam failure detection should be discussed. As we know, PDCCH is transmitted in full-overlap resource when SFN scheme applied while it is possible that the period and offset for two periodic CSI-RS resources are not same. Whether indication of radio link quality is worse than the threshold or not is determined by the link quality of each separate CSI-RS resource in q0 or combined link quality of two CSI-RS resources per CORESET in q0 depends on UE implementation. When the joint BLER is used to determine if beam failure occurs and the periodic CSI-RS resources are explicitly configured by RRC, gNB should indicate the association of CSI-RS resources to enable the measurement of joint BLER at UE. If q0 is not provided by RRC, then UE will determine two periodic CSI-RS resources and implicit association from the CORESET.
Proposal 3: For BFD RS of SFN-based PDCCH reliability transmission:  
· In implicit configuration of BFD resources, two periodic CSI-RS resources per CORESET can be included.
· In explicit configuration of periodic CSI-RS resource for BFD with number of periodic CSI-RS resource is larger than 2, gNB can indicate an association of two periodic CSI-RS resources corresponding to same CORESET.
Another issue related with BFD RS is the periodicity of beam failure instance. In Rel-15/16, the period for the physical layer informs the higher layers when the radio link quality is worse than the threshold is specified as the maximum value between the shortest periodicity among the periodic CSI-RS configuration and 2 msec. In our view, the mechanisms can be reused if 2 periodic CSI-RS per CORESET are configured, that is the period is determined by the maximum between the shortest periodicity among all periodic CSI-RS configuration and 2 msec.
Proposal 4: The periodicity of beam failure instance is determined using the same method specified in rel15/16.
For SFN scheme, the CCE limit also needs to be discussed. The maximum number of non-overlapped CCE and PDCCH candidates are specified per span or per slot. The definition of non-overlapped CCEs for PDCCH candidates is that PDCCH candidates belong to different CORESET indices or different first symbols for the reception. When SFN scheme is applied for PDCCH reliability enhancements where 2 TCI states are associated with one CORESET, the following alternatives for counting the CCE of such PDCCH candidate can be considered.
Proposal 5: Regarding how to count the CCEs for CORESET with 2 TCI states, down-select from the following Alts:
· Alt1: Each CCE is counted once.
· Alt2: Each CCE is counted twice.
PDCCH reliability enhancements with non-SFN schemes
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).

In RAN1#103-e, repetition transmission for PDCCH reliability enhancement from 2 SS sets associated with corresponding CORESETs are agreed. Since the PDCCH candidates carry the same DCI from two search space sets, the association is needed between the two SS sets, otherwise there is nothing different from multi-chance PDCCH transmission. Moreover, we think some restrictions should be made such as the period and duration of two associated SS sets. Only with such restriction, one-to-one correspondence for PDCCH repetition can be applicable. 
There are more than one PDCCH candidates in each SS set. If two SS sets are associated and no linking is specified between PDCCH candidates, the number of combination of two PDCCH candidates from two SS sets respectively could be very large and it is unfavorable from the perspectives of UE complexity and power consumption. Furthermore, explicit linkage between PDCCH candidates is beneficial for UE to decode PDCCH with different decoding capability. If explicit linkage is established, UE can decode individual PDCCH candidate(s) and/or the combined candidate without indication from gNB. Therefore, a fixed rule for the linking between PDCCH candidates is required. 
In RAN1#103-e, several options were proposed for linking based on configured PDCCH candidate index, start CCE and so on. The start CCE for each PDCCH candidate is calculated by hash function and can be changed in different slot. So it is hard to define a fixed rule for linking PDCCH candidates from two SS sets. From our understanding, the PDCCH candidate index is exclusively within each AL in SS set configured by RRC. Furthermore, if different ALs are applied for PDCCH repetition, different Polar coding matrices will be used because the number of REG are different. As a result, soft combining cannot be done at UE. Therefore, linking through same PDCCH candidate index with same AL can be considered for explicit linkage between PDCCH candidates. 
Based on the discussion above, we have following proposal:
Proposal 6: Support association between two SS sets for PDCCH reliability enhancements with restrictions such as same period and same symbol duration.
Proposal 7: Support to use linking same PDCCH candidate index within same aggregation level in each Search Space used for PDCCH repetition.
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).

In the last meeting the BD limit regarding the complexity of de-mapping, demodulation and decoding were discussed, and consensus on the CCE limit for two linked PDCCH candidates was reached. However, views on whether soft combining at UE should be transparent to gNB was still diverged after discussion, and different blind detection number is expected for different assumed decoding scheme at UE. We think that if one of the PDCCH candidates can be decoded successfully, the combination of such PDCCH candidate with another PDCCH candidate is most likely to be decoded successfully as well. When neither of the two individual PDCCH candidates is decoded, it’s still possible that the combination of two PDCCH candidates can be decoded because additional gain can be expected from soft combining. In the following, we present our views on the BD limit of the four assumptions:
· For assumption 1, only combined candidate is decoded without decoding individual PDCCH candidates. Then the total number of blind detection is equal to or larger than 1 unit for the two linked SS sets with possibly additional buffering needed. 
· Assumption 2 assumes that individual PDCCH candidates are decoded separately and soft-combining is not taken into account at UE. Then one unit of blind decoding for each SS set is required at UE and the rules for blind detection remains the same as in Rel-15/16. 
· On the basis of assumption 1, one more individual decoding of the first PDCCH candidate is proposed for assumption 3 additionally. First, we think that the first PDCCH candidate is not always the PDCCH transmit first in time. If the two linked SS sets can satisfy the CCE limit and BD limit per slot or per span, then the PDCCH transmited in former symbols can be considered as the first PDCCH. Based on this consideration, the individual PDCCH and combined PDCCH candidate can be both decoded. Then at least 2 BDs can be considered at UE. However, if only one of the two linked SS sets can satisfy the CCE limit and BD limit based on the specified rules in Rel-15/16, then the PDCCH configured in SS with smaller SS index which is even transmited later will be monitored and the other PDCCH will be dropped. In such case, we think that there are two alternatives that can be considered for decoding of one individual and one combined PDCCH candidate. One alternative is to assign same priority to the two linked SS set about the BD limit and overbooking rule. Another alternative is to scale the BD limit on the SS set with smaller SS index and the detailed scaled value can be reported by UE.
· One more individual PDCCH candidate is assumed at UE for assumption 4 than assumption 3. From our opinion, better performance is expected for soft combining and it is already supported by assumption 3. We think that the gain for assumption 4 over assumption 3 is trivial. Furthermore, at least three BDs are needed for assumption 4 and it results in the heavy burden at UE. Therefore, we do not think assumption 4 should be supported. Anyway, similar to assumption 3, the two alternatives mentioned above for assumption 3 can be a solution for assumption 4.
Based on the analysis above, we have the following proposals:
Proposal 8: Support assumption 3, i.e., decoding one individual and one combined PDCCH candidate at UE.
Proposal 9: Consider to report a value used to scale the BDs by UE which indicates the decoding assumption.
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 last meeting, implicit PUCCH resource determination was also discussed. In current spec, a UE selects PUCCH resource set according the number of feedback bits and then choose the PUCCH resource as indicated in the PRI field in DL DCI grant. The PRI field is 3 bits in DCI which means that additional rule is needed when number of PUCCH resources in the PUCCH resource set is larger than 8. To that end, the following formula is specified in Rel-15 for the determination of PUCCH resource in such case:
[image: ]
From the formula, we can see that PUCCH resource is determined from the start CCE and number of CCEs of the CORESET. In the case of PDCCH repetition, there are two sets of start CCE and number of CCEs in the CORESET. When one of the value in the two sets are different, different PUCCH resource is selected for HARQ-ACK. To avoid ambiguous PUCCH resource, a rule is needed to select one PDCCH from the PDCCH repetition.
Besides the ambiguity PUCCH resource due to the PDCCH repetition, there are other issues related to the PDCCH repetition:
· Reference to determine the time of scheduling PDSCH or PUSCH or other channels and signals,
· Offset between the reception of the DL DCI and the corresponding PDSCH which impact the assumption on default QCL for DMRS ports of PDSCH,
· DAI value which is increased by the order of PDCCH monitoring occasion
We think one common rule to resolve the ambiguity caused by PDCCH repetition is beneficial from simplicity perspective. Considering that explicit linkage is agreed for PDCCH reliability enhancement, it means that when one PDCCH is decoded, resource of the linked PDCCH is known to UE even without decoding of the second repetition. For Alt 1, limitations on start CCE index and the same number of CCEs in two CORESETs disobeys current hash functions specified in 38.213. Furthermore, the last DCI among DCIs used to determine PUCCH resource is specified for type-1 and type-2 HARQ-ACK codebook in Rel-15/16. So we prefer the same principle used for the determination of PUCCH resource. If PDCCH repetitions are transmitted in same symbols, then additional rules such as the increasing order of CORESET can be applied based on the last DCI of PDCCH repetition. The offset between the reception of the DL DCI and the corresponding PDSCH impacts the assumption on default QCL of DMRS ports. gNB cannot know which PDCCH candidate will be correctly decoded by UE in advance, so the worst case is that only the last repetition is decoded successfully. Therefore, for calculating  the offset between PDCCH and the scheduled PDSCH, that case should be considered. Based on the analysis, we have following proposal:
Proposal 10: Support Alt2, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH is applied to solve following issues:
· Implicit PUCCH resource determination
· DAI value
· Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS
· Slot offset for default QCL assumption of PDSCH

3. PUCCH reliability enhancements
Inter-slot and Intra-slot PUCCH
[bookmark: OLE_LINK1]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 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 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).  

In RAN1#103-e, multi-TRP inter-slot repetition is agreed for PUCCH. The other two schemes, i.e. intra-slot beam hopping and intra-slot repetition, still need more study. 
Regarding intra-slot beam hopping and intra-slot repetition, we think supporting at most one of them is enough. In our view, it is hard to support some PUCCH formats with 1 symbol for intra-slot beam hopping. Furthermore, it’s questionable about how to support intra-slot beam hopping within one PUCCH resource if beam switching gap is needed. Sub-slot based PUCCH transmission is specified for the enhancements of HARQ-ACK in Rel.16. Therefore, the framework of sub-slot based PUCCH transmission can be reused for intra-slot repetition with multiple beams. Furthermore, there is possibility that different traffic types exist for same UE. Whether and how to support the deployment of both intra-slot repetition and inter-slot repetition aimed for different purposes at UE need to be considered.
Proposal 11: Support intra-slot repetition and do not support intra-slot beam hopping for multi-TRP based PUCCH transmission.
Proposal 12: Determine if both intra-slot repetition and inter-slot repetition can be configured for multi-TRP based PUCCH.
Different PUCCH resources are proposed in last meeting for PUCCH enhancements with different beams. To support different PUCCH resources, enhancement of PRI or other approaches are needed. Since a single PUCCH resource for multi-TRP based PUCCH enhancements has already be agreed, there is no justification to support the use of different PUCCH resources which provides same function while more specification changes are required.
Proposal 13: Do not support the use of different PUCCH resources for multi-TRP PUCCH enhancements.
PUCCH format 1, 3 and 4 can be configured with nrofSlots to support repetitions transmission. The nrofSlots can be configured to 2,4 and 8. In our view, current repetition number can be applied as a total repetition number with different beams. If more repetition can be supported, the waste of resource does not necessarily contribute to significant gain and the UCI carried may be out of date.
Another issue needs to be discussed is whether to support PUCCH format 0 and format 2 or not. Since blockage happens in FR2 scenario, we think there is no reason to preclude the enhancement of PUCCH format 0/2.
Proposal 14: Support PUCCH format 0/2 with multi-TRP PUCCH transmission.
Proposal 15: Support repetition number(2,4,8) specified in Rel-15 as a total repetition number with different beams for multi-TRP inter-slot repetition.
Power control for PUCCH
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 PUCCH multi-TRP enhancements in FR1,
· Support separate power control for different TRP.
· FFS: how to define the association between PUCCH and TRP.
· FFS: required enhancements.  
Agreement
For 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.  

According the the agreement in the last meeting, separate power control for different TRPs is supported for both FR1 and FR2. In FR2, the open-loop power control parameters, including PathlossReferenceRS and P0 set, are bundled with the spatial relation info configured by RRC. So different sets of open-loop parameters should be specified. UE obtains open-loop parameters from P0-PUCCH with minimum p0-PUCCH-Id in p0-Set and referenceSignal with index 0 in PUCCH-PathlossReferenceRS. To support separate power control for different TRP, another default set of P0 and referenceSignal and close loop index for PUCCH power control can be configured by RRC.
Proposal 16: Support another default set of P0 and, Pathloss referenceSignal and closed loop index for PUCCH power control for different TRP for FR1.
In the last meeting four options were proposed for TPC command with respect to closed-loop power control. In option 1, two TPC fields introduce additional DCI overhead while the achievable gain is unclear. Option 2 proposes to apply the TPC value to different PUCCH beam per slot, while the PUCCH repetition schemes are still under discussion except inter-slot repetition. Therefore, one TPC field with a single TPC value applied to both PUCCH beams or two TPC values applied to two PUCCH beams respectively is more reasonable.
Proposal 17: For power control of PUCCH, support option 1 or 4.
· 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 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.
4. PUSCH reliability enhancements
Layer number and PTRS enhancement for PUSCH reliability enhancements
Agreement
For single DCI based M-TRP PUSCH repetition Type A and B, further study required enhancements on PTRS-DMRS association.

PDSCH enhancement for reliability is specified in Rel-16. Up to two layers per TRP for PDSCH reliability enhancement can be used. Regarding the PUSCH reliability enhancements, as it’s aimed to edge UEs with similar PL from multi-TRPs, limitation on layer numbers for PUSCH reliability enhancements should be made and we think there is no reason to support more than two layers.
Proposal 18: The number of layers for PUSCH reliability enhancements is limited to <= 2.
To achieve accurate estimation of phase noise on each symbol, PTRS-DMRS association field in DCI is used to indicate the association between PTRS ports and DMRS ports. In Rel 16, 0 or 2 bits are used for this field. As we discussed that the layer number for PUSCH reliability should not exceed two, so no enhancement is need for PTRS-DMRS field with 0 bit for 1 layer and 2 bits for 2 layers.
Proposal 19: No changes are needed for the size of PTRS-DMRS indication field when the number of layers for PUSCH reliability enhancements is limited to <= 2.
Codebook and non-codebook based PUSCH 
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 

In Rel-15 and Rel-16, one SRS resource is indicated by the SRI field in DCI and one spatial relation is configured per SRS resource for codebook based PUSCH. To support PUSCH repetition targeting different TRPs, two SRS resources are required. As analyzed by some other companies, power control for SRS are configured at SRS resource set level and power control parameters may be different for different TRPs, two SRS resource sets are more reasonable for multi-TRP PUSCH enhancement. Considering it is hard to coordinate same SRS resource selected from two SRS resource set respectively, the combination of different SRS resource from two SRS resource sets is larger than the total number that current SRI field can indicate. As a result, the indication of SRI shall be enhanced and two SRIs in DCI can be a straightforward extention. Similarly, two TPMIs should be supported for each SRS resource. However, TPMI and layer is indicated together in Rel-15/16 and the maximum number of bits is 6. As we know, the increasing of DCI bits will degrade the performance. To balance the overhead with indication of two TPMIs and the decoding performance of DCI, some optimization is required for indication of two TPMIs. Due to the same number of layers are applied for both TPMIs, the second TPMI field can only indicate the TPMI without the info of RI.
Proposal 20: Support two SRI fields for codebook based PUSCH transmission.
Proposal 21: For codebook based PUSCH transmission, support 2 TPMI fields and 1st TPMI indicates PMI for TRP 1 and RI while 2nd TPMI indicated PMI for TRP2
For non-codebook based PUSCH, each SRS resource in SRS resource set represents one layer. Since SRI indicates one or more SRS resources in one SRS resource set and layer number equals to the SRS resource number in DCI, two SRS resource sets with usage set to ‘non-codebook’ is reasonable for multi-TRP PUSCH repetition schemes. Regarding that limitation on layer number for multi-TRP PUSCH enhancements, optimization for SRI field needs to be considered.
Proposal 22: For non-codebook based PUSCH transmission, support 2 SRI fields and 1st SRI indicates SRS resource(s) for TRP 1 and RI while 2nd SRI indicates SRS resource(s) for TRP 2.

M-TRP CG based PUSCH
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.  

Type 1 and type 2CG PUSCH transmission towards MTRP are supported and two alternatives were proposed. In our view, no additional benefit can be achieved from multiple CG configuration compared single CG configuration. On the contrary, linkage between two CG configurations is required to indicate the resource used for PUSCH repetition. In addition, limitation is required such as configuring same period but non-overlap resource for two linked CG configuration. Type 2 CG is activated by DCI and there is no difference from DG PUSCH. Since single-DCI based PUSCH repetition towards MTRP is agreed, it is not reasonable to support multiple CG configurations. Furthermore, sequential mapping pattern has already been agreed, in which the first beam applied to the first and second PUSCH repetition and the second beam applied to the third and fourth PUSCH repetitions. If multiple CG configurations are applied, how to apply the sequential mapping pattern with repetition number larger than four needs more specification works. For example, if 8 repetitions with sequential mapping are configured, the first, second, fifth and sixth repetitions are transmitted to TRP1 and the rest of repetitions are transmitted to TRP2. However, based on current spec, such transmission cannot be supported with two CG configurations. 
Proposal 23: Support single CG configuration for type1 and type 2CG PUSCH transmission towards MTRP.
PUSCH power control
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.


In the last meeting closed-loop power control for PUSCH was discussed and four approaches are summarized with respect to TPC field and TPC value applied. As we discussed for PUCCH power control. In this issue, we have same views as on the power control of PUSCH.
Proposal 24: Support single TPC field in UL DCI and the TPC value applied to both PUSCH beams or a single TPC field indicated two TPC values applied to two PUSCH beams (Option 1 or 4).
Beam mapping
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 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.   
Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.

For PUSCH repetition type B, frequency hopping is specified in Rel-16. Both inter-PUSCH hopping and inter-slot hopping are supported. Inter-PUSCH hopping applied based on nominal repetitions can ensure better diversity for each hop have even length. Moreover, power control for PUSCH is based on nominal repetition while different power control is expected for different beams. With respect to UE complexity, fewer number of beam switching is desirable. Considering slot boundary and the possibility of dynamic SFI, actual repetition number is equal to or larger than configured nominal repetition number. In RAN1#103-e, slot-based beam mapping is considered for PUSCH repetition Type B. If one nominal repetition crosses slot boundaries, the nominal repetition will be divided into at least two actual repetition and the beams for each actual repetition are not same. There is no difference between slot-based beam mapping and beam mapping applied based actual repetition in some cases. Furthermore, current power control mechanism is not applicable for slot-based repetition and the diversity gain for frequency hopping is not clear when slot based beam mapping is applied. 
Proposal 25: Do not support slot based beam mapping for Type B in the case of nominal repetition crosses slot boundaries.
In Rel-16, cyclic mapping and sequential mapping patterns are specified for PDSCH enhancement based on multi-TRP. For repetition number equals to or larger than 4, cyclic mapping pattern is different from sequential mapping pattern. If sequential mapping is adopted, joint channel estimation can be supported to enhance the performance of PUSCH. Moreover, UE does not need to switch beams for sequential mapping. Besides the above two mapping patterns, half-half pattern is proposed as well. When repetition number is 2, it is same as cyclic mapping. It is same as sequential mapping when repetition number is 4. Thus half-half pattern is supposed to be used in the case with more than 4 repetitions. However, we cannot see the benefit compared with the other two mapping patterns. For example, if the repetition number can be configured to 16 at most, the first 8 repetition will be transmitted with one beam, the second 8 repetitions will be transmitted with another beam in half-half mapping. If the first beam is blocked during all the 8 repetition, the delay for such transmission will be increased and the system performance will degrade. Therefore, the use case for half-half pattern is limited and the gain for half-half pattern is not clear.
Proposal 26: Support sequential mapping for PUSCH repetition targeting multi-TRP when repetition number is equal to or larger than 4.
In TDM scheme 4 of Rel-16, the RV for the first repetition is provided by DCI and RV cycling is done across the repetitions using the RV sequence of {0,2,3,1}. In our view, the major scenario for PUSCH enhancement is for ideal backhaul and negligible latency is expected for the exchange of data between TRPs. Therefore, we think that the RV mapping rule specified in current specification can be reused. 
Proposal 27: Support the same RV mapping method for PUSCH repetition type B as PUSCH repetition type A. RV cycling is done across the actual repetition as specified in Rel-16 for PUSCH URLLC.
Spatial relation info for PUSCH with DCI 0_0
In Rel-15/16, a UE transmits PUSCH scheduled by DCI 0_0 according to the spatial relation of dedicated PUCCH resource with the lowest ID within the active UL BWP. When two PUCCH-spatialrelationinfos are configured for the PUCCH with lowest ID, default beam of PUSCH scheduled by DCI 0_0 should be specified. In our view, UE may assume the spatial relation for PUSCH following the first PUCCH-spatialrelationinfo if two PUCCH-spatialrelationinfos are activated by MAC-CE for dedicated PUCCH with the lowest ID.
Proposal 28: UE transmit PUSCH scheduled by DCI 0_0 according to the 1st PUCCH-spatialrelationinfo if two spatial relation infos are activated by MAC-CE for dedicated PUCCH with the lowest ID.
5. Conclusion
Proposal 1: Support to indicate 2 TCI states for one CORESET by one MAC-CE signaling which can be used for PDCCH reliability enhancement of M-TRP with SFN scheme.
Proposal 2: The QCL assumption of PDSCH is determined as follows:
· For DCI with no TCI field and time offset between the reception of the DL DCI and the corresponding PDSCH is larger than a threshold timeDurationForQCL, use the 1st TCI state configured to the CORESET.
· When the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold timeDurationForQCL, the QCL assumption is 1st  TCI state configured to the CORESET with lowest index.
Proposal 3: For BFD RS of SFN-based PDCCH reliability transmission:  
· In implicit configuration of BFD resources, two periodic CSI-RS resources per CORESET can be included.
· In explicit configuration of periodic CSI-RS resource for BFD with number of periodic CSI-RS resource is larger than 2, gNB can indicate an association of two periodic CSI-RS resources corresponding to same CORESET.
Proposal 4: The periodicity of beam failure instance is determined using the same method specified in rel15/16.
Proposal 5: Regarding how to count the CCEs for CORESET with 2 TCI states, down-select from the following Alts:
· Alt1: Each CCE is counted once.
· Alt2: Each CCE is counted twice.
Proposal 6: Support association between two SS sets for PDCCH reliability enhancements with restrictions such as same period and same symbol duration.
Proposal 7: Support to use linking same PDCCH candidate index within same aggregation level in each Search Space used for PDCCH repetition.
Proposal 8: Support assumption 3, i.e., decoding one individual and one combined PDCCH candidate at UE.
Proposal 9: Consider to report a value used to scale the BDs by UE which indicates the decoding assumption.
Proposal 10: Support Alt2, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH is applied to solve following issues:
· Implicit PUCCH resource determination
· DAI value
· Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS
· Slot offset for default QCL assumption of PDSCH
Proposal 11: Support intra-slot repetition and do not support intra-slot beam hopping for multi-TRP based PUCCH transmission.
Proposal 12: Determine if both intra-slot repetition and inter-slot repetition can be configured for multi-TRP based PUCCH.
Proposal 13: Do not support the use of different PUCCH resources for multi-TRP PUCCH enhancements.
Proposal 14: Support PUCCH format 0/2 with multi-TRP PUCCH transmission.
Proposal 15: Support repetition number(2,4,8) specified in Rel-15 as a total repetition number with different beams for multi-TRP inter-slot repetition.
Proposal 16: Support another default set of P0 and, Pathloss referenceSignal and closed loop index for PUCCH power control for different TRP for FR1.
Proposal 17: For power control of PUCCH, support option 1 or 4.
· 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 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 18: The number of layers for PUSCH reliability enhancements is limited to <= 2.
Proposal 19: No changes are needed for the size of PTRS-DMRS indication field when the number of layers for PUSCH reliability enhancements is limited to <= 2.
Proposal 20: Support two SRI fields for codebook based PUSCH transmission.
Proposal 21: For codebook based PUSCH transmission, support 2 TPMI fields and 1st TPMI indicates PMI for TRP 1 and RI while 2nd TPMI indicated PMI for TRP2
Proposal 22: For non-codebook based PUSCH transmission, support 2 SRI fields and 1st SRI indicates SRS resource(s) for TRP 1 and RI while 2nd SRI indicates SRS resource(s) for TRP 2.
Proposal 23: Support single CG configuration for type1 and type 2CG PUSCH transmission towards MTRP.
Proposal 24: Support single TPC field in UL DCI and the TPC value applied to both PUSCH beams or a single TPC field indicated two TPC values applied to two PUSCH beams (Option 1 or 4).
Proposal 25: Do not support slot based beam mapping for Type B in the case of nominal repetition crosses slot boundaries.
Proposal 26: Support sequential mapping for PUSCH repetition targeting multi-TRP when repetition number is equal to or larger than 4.
Proposal 27: Support the same RV mapping method for PUSCH repetition type B as PUSCH repetition type A. RV cycling is done across the actual repetition as specified in Rel-16 for PUSCH URLLC.
Proposal 28: UE transmit PUSCH scheduled by DCI 0_0 according to the 1st PUCCH-spatialrelationinfo if two spatial relation infos are activated by MAC-CE for dedicated PUCCH with the lowest ID.

6. Reference
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