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Many agreements have been made on PDCCH, PUSCH, PUCCH enhancement in past meetings. In this contribution, we further discuss remaining issues on PDCCH, PUSCH and PUCCH in separate sections below.
Discussion on MTRP PDCCH
In Ran1 #104, some agreements and conclusions on PDCCH enhancement for M-TRP were achieved which can be found in Appendix. However, there are several remaining issues to be further studied and discussed, for example, implicit PUCCH resource determination, whether to support inter-slot PDCCH repetition, additional MAC-CE indicator for linking SS sets, consideration on rate matching enhancement for FR2, how to count BD and assumed reception algorithm, and potential issues on SLIV, default beam, association with CORESETPoolindex, etc. In section 2.1, we discuss and provide our views on the issues which had been discussed without conclusion in last meeting.
In fact, most of the operations in PHY are relevant to PDCCH reception, the design of PDCCH enhancement will impact many aspects, besides the issues listed above there are other potential issues need further study, for example, how to identify the PDCCH candidate is from S-TRP or M-TRP, further discussion on scheduling pattern, HARQ-ACK feedback based on which reference candidate, redefinition of active BWP switching delay, whether introduce UE capability to support the number of linking per slot or per span and reference PDCCH candidate for drx-InacitivityTimer, etc. Those are discussed in section 2.2.
1.1. Discussion on issues based on agreement
These remaining issues based on agreements of last meeting are analyzed in sub-section2.1.
PUCCH resource determination 
	Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.


There are two options for down selection, one is to apply lowest CORESET ID, the other one is to apply search space set ID. Regarding two options, there is no obvious difference to determine which one of the linked PDCCH candidates is used, lowest CORESET ID or SS set ID both can work. Since the current wording in spec is subject to starting CCE index and number of CCEs in the CORSET, it is simple and straight to link the parameter of CORESET to calculate implicit PRI in case of PDCCH repetition for M-TRP. 
 Lowest CORESET ID is applied for PUCCH resource determination.
Inter-slot PDCCH repetition
	Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.



Besides intra-slot PDCCH repetition has been supported, whether to support inter-slot PDCCH repetition is yet to be decided. In terms of LLS performance, it is obvious that the performance is same between intra-slot and inter-slot PDCCH repetition. In last meeting, a few companies proposed that lower PDCCH congestion can be achieved with inter-slot repetition. On PDCCH congestion, we have following views:
· Firstly, there is no full freedom to adjust the second PDCCH repetition occasion to avoid PDCCH congestion regardless of intra-slot or inter-slot repetition, since PDCCH repetition in TDM mode is explicitly linked with static configuration, the fixed linkage restricts the flexible PDCCH candidate allocation.
· Secondly, TDM based PDCCH is mainly used in FR2 when UE cannot support reception of two beams simultaneously, if not, SFN or FDM based PDCCH repetition is priority. Considering few UEs are located on the same narrow beam in FR2, the collision probability of PDCCH CCE resources between different UEs is very low, hence PDCCH congestion seldom happens.
In a word, we don’t see any benefit of inter-slot repetition, on the contrary, in order to achieve better performance, soft bits combining is performed and UE should buffer the previous processing data of PDCCH across multi-slots if inter-slots are not consecutive, which increases the PDCCH buffer capability of UE. 
Support intra-slot PDCCH repetition only in Rel17.
Additional signaling with MAC CE
	Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally


In Rel-15/16, UE monitors PDCCH candidates according to configuration of multi-search space sets in RRC without any introduction of activation/deactivation or configuration/reconfiguration by MAC CE command except for TCI states of CORESET(s). In Rel-17, it is supported through linking two SS sets by RRC configuration for PDCCH repetition, the linking relationship, periodicity, monitoring occasion are configured semi-statically, we don’t see any motivation to introduce MAC CE signaling to dynamically activate one of PDCCH linking relationship from pool of RRC configuration. In addition, if introducing MAC CE, UE should calculate overbooking dynamically based on MAC CE command, which increase the complexity of gNB and UE.
Support linking two SS sets by RRC configuration only without additional MAC CE command.
Rate matching of PDSCH in FR2
	Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2


In Rel-15, if PDSCH scheduled by a PDCCH overlaps in time with resources in the CORESET containing the PDCCH, UE should receive OFDM symbols with overlapping in time assuming same reception beam based on QCL-type D configured for the PDCCH reception, and the PDSCH is rate matched around PDCCH. 
In Rel-17, for FR2, if one of the PDCCH repetition candidates overlaps with scheduled PDSCH as shown in the Figure 1, where UE receive second PDCCH (in blue) repetition with panel1 and receive PDSCH (in red) with panel2 when UE is capable of simultaneous multi-panel reception, the performance may decrease seriously due to rate matching of PDSCH e.g. PDCCH with 3 symbols and AL16. If gNB identifies the interference between PDCCH repetition2 and PDSCH can be ignored, gNB can indicate the rate matching of PDSCH is not applied to the UE, which would improve the performance of PDSCH.


[bookmark: _Ref68676621]Overlapping pattern between PDCCH and PDSCH with different QCL-type D
 Consider indicating whether rate matching of PDSCH is applied or not to the UE.  
BD count and reception assumption
In our view, the complexity of soft bits combining in assumption3 is marginal since addition function is very simple using limited I/Q soft bits’ data and using two BDs for assumption3 is reasonable. Regarding the assumption1, although UE only decodes the combined candidates without decoding individual PDCCH candidates, we prefer using two BDs for assumption1 too in order to simplify the design especially for designing overbooking rule. Therefore, there is no need to distinguish between assumption 1, assumption 2 and assumption 3. 
Assumption1, assumption2 and assumption3 can be seen as same category.
The key of this issue is whether assumption 4 is needed or not, if PDCCH repetition is transmitted in both PDCCH candidates, the performance of assumption4 is similar to assumption3, however, some companies have shown improved performance of PDCCH only in case gNB transmit PDCCH in one of the PDCCH candidates, e.g. only in first candidate, the second candidate does not carry same DCI due to congestion and that is transparent to UE. At UE side, if it performs soft bits combining, interference is introduced and the performance is even worse than PDCCH without repetition in Rel-16. We think the simulation of omitting PDCCH candidate in every slot is the worst case, it is not realistic in real deployment for gNB, so the benefit of assumption 4 should be reviewed carefully.
On the other hand, to address the concern from proponents on gNB flexibility to transmit PDCCH dynamically from single TRP or multi TRP, which can be handled by implementation, for instance, gNB always take PDCCH repetition as first priority to avoid PDCCH congestion as much as possible or cancels both PDCCH candidates once PDCCH congestion happens on anyone of PDCCH candidates and configure another search space set without linkage. To make matters worse, assumption4 always consumes three BDs no matter gNB transmit one of or both of two PDCCH repetition candidates with higher complexity.
Furthermore, assumption1, assumption2, or assumption3 can be up to UE implementation, the algorithms should be transparent to gNB. In addition, gNB always assumes 2 BDs for PDCCH repetition with two candidates, there is no need to introduce UE capability signaling.
Regarding overbooking, when two search spaces are linked for PDCCH repetition, once the second BD exceeds the UE capability of BD, how to drop search spaces should be studied. There are two options:   
· Option1:  drop two linked search spaces together
· Option2:  only drop the second search spaces in ascending order, if BD counting exceeds in which. 
For option1, two linked search space sets are seen as one group of search space and then carry out legacy overbooking, this rule of overbooking is simple but have a risk that all of PDCCH repetitions associated with this linkage are canceled. For option2, if the first group of PDCCH repetition candidates in first search space is confined to BD number limit but some PDCCH repetition candidates belonging to the second group of in second search space exceed the limit, then the second search space with larger ID is canceled. We think the issue should be discussed.
It is up to UE implementation to perform assumption1, 2 or 3, and always assumes 2BDs 
Determination of PDSCH QCL-typeD
	Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)



In 38.214 following is specified, if the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell is equal to or greater than a threshold timeDurationForQCL if applicable, for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission within the active BWP of the serving cell.
In Rel-17, if the PDCCH transmission belongs to PDCCH repetition associated with two different CORESET, one simple scheme is to determine PDSCH beam is identical to the reception beam for one of the CORESETs, e.g. the lowest CORESET ID.  
 QCL assumption for the PDSCH refers to QCL assumption for the lowest CORESET ID of the corresponding PDCCH.
CORESETPoolIndex
	Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.



In Rel-16, M-DCI based multi-PDSCHs transmission is supported where the parameter of CORESETPoolIndex is introduced to distinguish different DCI by associating with respective CORESETPoolIndex value. Single-DCI based PDSCH reliability enhancement is also supported, but that is decoupled with CORESETPoolIndex and RRC will not configure M-DCI based and S-DCI based transmission simultaneously. 
With regard to PDCCH reliability enhancement, we prefer same framework and criterion as in Rel-16 and PDCCH reliability enhancement in Rel-17 is also decoupled with the configuration with different CORESETPoolIndex values.
 Do not support PDCCH repetitions associated with different CORESETPoolIndex values.
PDCCH repetition for S-TRP
	Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.


Regarding S-DCI based PDSCH reliability enhancement in Rel-16, current spec does not restrict network configuration of two TCI states must be different in one code points, e.g. in case of scheme3 (intra-slot repetition) or scheme 4 (inter-slot repetition). We think the configuration of two same TCI states in one code point can be supported.
In Rel-17, based on the agreed framework, two same TCI states are activated for two CORESETs with two search space sets linking to support PDCCH repetition can also be natural and PDCCH transmission with repetition can bring reliability regardless of S-TRP or M-TRP.
 Support PDCCH repetition for S-TRP within same framework as for M-TRP.
Overlapping of PDCCH repetition
	Conclusion.
The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes.



Both TDM and FDM multiplexing schemes were agreed in last meeting, however, whether two linked PDCCH candidates can fully or partially overlap was not discussed sufficiently. It is well known that overlapping increases the mutual interference of PDCCH and reduce the performance especially for FR1. However, in FR2, the interference between two PDCCH repetitions candidates may be lower due to different reception beams. In the case performance can be guaranteed, overlapping of PDCCH repetition can be supported. 
Support overlapped PDCCH repetition in case of FR2.
1.2. Other issues for further discussion
The following potential issues have not been raised are analyzed in sub-section2.2. 
Unclear judgement about source of PDCCH candidate
In last meeting, it was agreed that gNB can configure PDCCH transmission from S-TRP and M-TRP simultaneously in same slot and the candidate for S-TRP can fully overlap the candidate for M-TRP, where UE performs one BD in case they are associated with the same DCI size, scrambling and CORESET. In figure2, the red candidate associated with SS2 and SS3 concurrently are fully overlapped, once UE decodes successfully in red candidate, there is an ambiguity on whether the PDCCH is from S-TRP or M-TRP and how to determine the reference PDCCH candidate for scheduling based on Rel-16 or Rel-17 behavior. There could be two potential schemes to solve this issue which needs further study:
Option1: RNTI can be used to differentiate M-TRP PDCCH and S-TRP PDCCH
Option2: Always assume it is from S-TRP or M-TRP.



 Overlapping of PDCCH candidate of S-TRP and M-TRP
Another case is that UE does not expect to monitor PDCCH candidate in case of collision with some time and frequency resource configured by RRC, e.g. REs of LTE-CRS-pattern, REs reserved for rate matching of PDSCH. Once one of PDCCH repetition candidate overlaps with these REs, UE only monitor the remaining candidate like reception of S-TRP. how UE assume the behavior should be clarified. 
Another case is that UE does not expect to monitor PDCCH candidate in case of overlapping with specific REs configured by RRC, e.g. REs of LTE-CRS-pattern, REs reserved for rate matching of PDSCH. Once only one of PDCCH repetition candidate overlaps with these REs, UE only monitor the remaining candidate and UE behavior should be clarified that whether this PDCCH candidate is transmitted from S-TRP or M-TRP. 
Study the issue of ambiguity on source of PDCCH candidate. 
Scheduling pattern 
In last meeting, it was agreed to extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, and a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain, however, the scheduling pattern between PDCCH and corresponding PDSCH is not discussed. PDCCH repetition with and without PDSCH repetition should be considered, various scheduling patterns should be studied, few examples are shown in figure below.
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Scheduling pattern                                                             
Clarify whether scheduling patterns in Figure 3 should all be supported.
ACK/NACK respond to reference PDCCH candidate
In 38.213 following is defined, UE should respond ACK/NAK after PDCCH decoding in two cases, 1) to provide HARQ-ACK information in response to a SPS PDSCH release after  symbols from the last symbol of a PDCCH providing the SPS PDSCH release, 2)  to provide HARQ-ACK information in response to a detection of a DCI format 1_1 indicating SCell dormancy after  symbols from the last symbol of a PDCCH providing the DCI format 1_1. 
Intra-slot PDCCH repetition is supported in Rel-17, if TDM based PDCCH repetition is configured, how to determine the reference PDCCH candidate as the starting position for N symbols should be studied. Considering UE may decode successfully PDCCH in last PDCCH candidate, the last PDCCH candidate in time as reference PDCCH can be supported. 


HARQ-ACK respond to PDCCH candidate                                      
Taking later PDCCH candidate in time as reference candidate to determine the timeline for HARQ-ACK feedback of PDCCH.
Active BWP switch delay
In 38.213 following is defined, if a UE detects a DCI format with a BWP indicator field that indicates an active DL BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the PDCCH that includes the DCI format in a scheduling cell, which restricts the DCI is only transmitted in first three symbols. When TDM based PDCCH intra-slot repetition is configured, whether the second PDCCH candidate can be located after the third symbol should be discussed. Considering DCI for dormancy indication (related to BWP switching) received after the first 3 OFDM symbols of a slot has been supported, the restriction for DCI with a BWP indicator field by PDCCH repetition can be relaxed and the second PDCCH candidate can be allocated in any symbols of slot.
In 38.133 following is defined, for DCI-based BWP switch, after the UE receives BWP switching request at DL slot #n on a serving cell, UE shall be able to receive PDSCH (for DL active BWP switch) or transmit PUSCH (for UL active BWP switch) on the new BWP on the serving cell on which BWP switch on the first DL or UL slot occurs right after a time duration of TBWPswitchDelay which starts from the beginning of DL slot #n. As mentioned above, if the second PDCCH repetition candidate is in the later symbols of slot #n, the timing of UE decodes DCI successfully may be extended. We propose the duration of TBWPswitchDelay which for BWP switching should be prolonged by Y slots, e.g. TBWPswitchDelay +Y and Y=1.
The timing for active BWP switching should be discussed considering PDCCH repetition.
Number of linked PDCCH repetition pairs
The complexity of decoding PDCCH repetition will increase per slot or per span with number of linked PDCCH repetition pairs. One obvious increase is the buffering capability when the linked pairs are increasing. In order to reduce the complexity of UE, the number of linked pairs for PDCCH repetition in one slot should be restricted. 
 Number of linked PDCCH repetition pairs in one slot is subject to UE capability.
Reference PDCCH candidate for drx-InacitivityTimer
In Rel16, when in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation. If a DRX group is in Active Time and if the PDCCH indicates a new transmission (DL or UL) on a Serving Cell in this DRX group, then start or restart drx-InactivityTimer for this DRX group in the first symbol after the end of the PDCCH reception.
If the PDCCH transmits with TDM based repetition, select the later PDCCH candidate as reference is preferred. 
Clarify which reference PDCCH candidate is selected for drx-InacitivityTimer.
Enhancement for PUCCH
In RAN1 #104-e meeting, following agreements on PUCCH enhancement in eIIoT/eURLLC and FeMIMO were achieved:
	Agreements 
Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed

Agreements 
Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition

Agreement
For M-TRP PUCCH scheme 1,
· Support PUCCH formats 0 and 2 (in addition to agreed PUCCH formats 1,3,4)

Agreement
For M-TRP PUCCH scheme 1, 
· For PUCCH formats 1/3/4, values for the total number of repetitions at least contain values 2, 4, and 8.  
· FFS: maximum repetition number can be extended to 16.
· For PUCCH formats 0/2, the total number of repetitions at least contain 2.  
· FFS: other values.
· RRC configured number of slots (repetitions) are applied across both TRPs (e.g if the number of repetitions given by nrofSlots in PUCCH-config is 8, per TRP limit is 4). 

Agreement
To support per TRP power control for multi-TRP PUCCH schemes in FR1, 
· Two sets of power control parameters are used, and each set has a dedicated value of p0, pathloss RS ID and a closed-loop index. 
· FFS: details on how a PUCCH resource can be linked to one or both of the two sets of power control parameters.
· FFS: whether PUCCH resource group can be linked to power control parameter sets.

Working Assumption
For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 
1. The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
1. Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.

Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing 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 (the existing 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 (similar to the existing 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.

Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.
This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 




Support of PUCCH repetition schemes
Intra-slot repetition has been agreed in Rel-17 eIIoT/eURLLC to enhance the reliability and reduce the latency of UCI transmission. Naturally, intra-slot repetition (Scheme 3) for all PUCCH formats in MTRP PUCCH enhancement shall be supported to alleviate the impact of blockage and further improve the performance of PUCCH in URLLC scenarios. Whether to support slot-level repetition for PUCCH format 0 and 2 is still under discussion in Rel-17 eIIoT/eURLLC. From our perspective, total repetition number of 2 is sufficient for formats 0 and 2 to ensure one opportunity per beam for Rel-17 MTRP PUCCH Scheme 1 and Scheme 3. As for other values, it depends on the outcome of Rel-17 eIIoT/eURLLC discussion.
Working assumption on support of PUCCH Scheme 3 can be confirmed.
Utilizing the framework in MTRP PUCCH Scheme 1 and 3 in which two spatial relations or two sets of power control parameters are associated to one PUCCH resource, intra-slot beam hopping (Scheme 2) can be straightforwardly implemented based on frequency hopping pattern to improve the reliability of PUCCH formats 1, 3 or 4 without repetition. We investigate the performance of MTRP Scheme 2 below. As shown in Figure 5 obvious diversity gain can be observed for different pathloss gaps. Detailed simulation assumptions are given in Table 7 in Appendix.
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[bookmark: _Ref61860131]Performance of MTRP intra-slot beam hopping (Scheme 2)
 
Support Scheme 2, MTRP intra-slot PUCCH beam hopping, by applying the symbol pattern and DMRS pattern of intra-slot frequency hops for PUCCH formats 1, 3 and 4.
From RAN4’s reply LS [1], transient period is defined when at least one of the events including RB hopping, power change and UL beam switch occurs, which may degrade the performance of PUCCH/PUSCH transmission. If the spatial filter to transmit the beam is known, beams are switched within same panel and UL timing is the same for different UL beams, beam switching has much less impact than intra-slot frequency hopping so that no additional transient period is needed. Actually, the influence of the transient period also exists in Rel-15/16 when intra-slot frequency hopping is enabled however no solution is specified to address it. Anyway, a natural gap between the repetitions with different beams can be achieved by gNB scheduling in most cases. Therefore, there seems no need to introduce gap between repetitions with different UL beams.
It is unnecessary to introduce gap between PUCCH/PUSCH repetitions at least when the spatial filter to transmit the beam is known and beams are switched within the same panel.
Power control for PUCCH repetitions
It has been agreed to support separate power control for different TRPs for both FR1 and FR2. For FR2, there is no specification impact. It implies that the power control parameters such as P0 value, pathloss reference RS, closedLoopIndex for each TRP can be obtained from the two spatial relations respectively. However, it is a common understanding that no spatial relation is configured for FR1. To have a common RRC configuration and activation framework to support separate power control, two spatial relations can be activated for both FR1 and FR2 when PUCCH repetitions are transmitted to different TRPs. Moreover, through associating or changing spatial relations by MAC CE, different power control parameters targeting for different TRPs can be acquired for one PUCCH resource. In this way, the reference RS in spatial relation can be invalid or optionally configured for FR1.
Support to configure spatial relation in FR1.
Closed-loop power adjustment for a PUCCH transmission is indicated by the TPC command value included in a dedicated DCI, e.g., DCI format 1_1 or DCI format 1_2, or a group-common DCI, i.e., DCI format 2_2. The TPC field(s) in DCI should be enhanced to indicate two TPCs for different TRPs respectively. Among the four options from last meeting, our preference is Option 3 which should be similar as PUSCH repetition.
Support two TPC field (Option 3) in DCI formats 1_1 / 1_2 used to indicate two TPC values.
Enhancement on PUSCH
TPMI field(s) indication for codebook-based PUSCH
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· [bookmark: _Hlk68265119]The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only contains the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.
· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212
· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field


Shared TPMI indicated by one TPMI field in FR1
Generally in FR1, signals transmitted by UE can be received by two cooperating TRPs due to omnidirectional UE antennas and wide-ranged directional TRP antennas in practice. Network can implement joint detection between two TRPs, where received signals from a large distributed antenna array can be obtained. Figure 6 and Figure 7 below show the link-level simulation results of PUSCH transmission towards MTRP in FR1. For shared TPMI among PUSCH repetitions, a common TPMI is selected based on the joint channel. Detailed evaluation assumptions can be found in appendix. The BLER curves in Figure 6 shows performance of 4Tx full/partial/non-coherent codebook and 2Tx full/non-coherent codebook, we can see that performance of PUSCH repetitions sharing one TPMI with joint detection applied at the receiver is better than PUSCH repetitions using separate TPMIs with separate detection. The BLER curves in Figure 7 are for 2Tx non-coherent codebook which is a typical antenna configuration in commercial UE implementation, we can see that performance of PUSCH repetitions sharing one TPMI is close to PUSCH repetitions using separate TPMI even when separate detection is applied at the receiver.
[image: ]
[bookmark: _Ref68181335]Performance of PUSCH repetitions transmitted towards two TRPs when full/partial/non-coherent codebooks are applied.
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[bookmark: _Ref68181343] Performance of PUSCH repetitions transmitted towards two TRPs when only non-coherent codebook is applied.
With agreed simulation assumptions, performance of PUSCH repetitions towards multiple TRPs sharing one TPMI is almost the same as PUSCH repetitions using separate TPMI in FR1.
So, PUSCH repetitions transmitting towards MTRP sharing the same TPMI indicated by one TPMI field can be supported to further reduce the DCI overhead.
In FR1, support PUSCH repetitions transmitting towards multiple TRPs sharing the same TPMI indicated by one TPMI field to further reduce the DCI overhead.
Two TPMI fields
When two TPMI fields are indicated in DCI, it was agreed that the first TPMI field uses the Rel-15/16 TPMI field design of DCI format 0_1/0_2, while the second TPMI field just contains the TPMI index with the same number of layers as indicated in the first TPMI field, which naturally means the size of the second TPMI field should be equal to or smaller than the size of the first TPMI field. The bit width of the second TPMI field is determined by the maximum number of TPMIs among all applicable ranks, i.e.,  applicable rank set, where  is the number of TPMIs of rank i. 

Bit width of the second TPMI field is  applicable rank set，where is the number of TPMIs of rank .
The second TPMI table contains columns of TPMIs for each rank, and the TPMI indices for specific rank indicates the TPMI precoder in corresponding column, as shown in Table 1. With layer indication obtained from the first TPMI field, a unique TPMI index of the layer can be indicated by the second TPMI field. If only the second TRP is indicated for PUSCH transmission, the second TPMI field corresponding to the second TRP cannot be interpreted independently because of lacking layer information. One approach to handle this issue, UE shall still jointly interpret both TPMI fields, i.e., the first TPMI field provides layer information while the second one provides TPMI.
[bookmark: _Ref68181692]An example of second TPMI table for the second TPMI field indication
	Bit field mapped to index
	codebook Subset = fullyAndPartialAndNonCoherent

	
	Layer=1
	Layer=2
	Layer=3
	Layer=4

	0
	TPMI=0
	TPMI=0
	TPMI=0
	TPMI=0

	1
	TPMI=1
	TPMI=1
	TPMI=1
	TPMI=1

	…
	…
	…
	…
	

	4
	
	
	
	TPMI=4

	…
	
	
	TPMI=8
	

	20
	
	
	
	

	…
	
	TPMI=22
	
	

	27
	TPMI=28
	
	
	

	28
	…
	
	
	

	31
	
	
	
	



SRI fields for non-codebook based PUSCH
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation  
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any


Similar to the design of the second TPMI field in CB-based PUSCH transmission, the bit size of second SRI field in NCB-based PUSCH transmission can be also compressed as well for it just contains the SRI index of the same layers as the first SRI field.
The second SRI field in non-codebook based PUSCH only contains the SRIs combinations of same layer as the first SRI field. 

[bookmark: _Hlk67902223]Dynamic switching between STRP and MTRP operation 
	[bookmark: _Hlk60733651]Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs

Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation  
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any


Support of dynamic switching between STRP and MTRP operation has been agreed in the last meeting. To indicate dynamic switching between STRP and MTRP, following three alternatives can be discussed.
Alt.1: Introduce a new field.
Alt.2: Reuse the reserved entries in SRI or TPMI field(s). 
Alt.3: Utilize the TDRA field.
[bookmark: OLE_LINK6][bookmark: OLE_LINK15][bookmark: OLE_LINK5]Alt.1 is a simple and clean solution, with at most two bits for the new field to indicate three cases: TRP1, TRP2, TRP1 and TRP2. 
Regarding Alt.2, at least two reserved entries are required in the second SRI or TPMI table to indicate two STRP cases: TRP1, or TRP2 for STRP transmission. However, there is no reserved entry in SRI fields for most of cases in CB-based PUSCH transmission. Considering TPMI field(s), Table 2 lists the cases without enough reserved entries in the second TPMI table to indicate dynamic switching between STRP and MTRP. For these cases, 1 additional bit have to be applied to the second TPMI field to extend the entries of the second TPMI table.  Moreover, TPMI field may be absent in single antenna port scenarios at all. 
[bookmark: _Ref68182562] Cases without enough reserved entries in the second TPMI field for CB-based PUSCH
	1
	maxRank=2; 4 ports; codebookSubset = partialAndNonCoherent; ul-FullPowerTransmission-r16 = fullpowerMode1  (Table 7.3.1.1.2-2A in TS38.212)

	2
	maxRank=2; 4 ports; codebookSubset = nonCoherent; ul-FullPowerTransmission-r16 = fullpowerMode1  (Table 7.3.1.1.2-2A)

	3
	maxRank = 3 or 4; 4 ports; codebookSubset = partialAndNonCoherent; ul-FullPowerTransmission-r16 = fullpowerMode1 (Table 7.3.1.1.2-2B)

	4
	maxRank = 3 or 4; 4 ports; codebookSubset = nonCoherent; ul-FullPowerTransmission-r16 = fullpowerMode1 (Table 7.3.1.1.2-2B)

	5
	maxRank=1; 4 ports; codebookSubset= noncoherent (Table 7.3.1.1.2-3)

	6
	maxRank=1; 4 ports; codebookSubset=partialAndnoncoherent; ul-FullPowerTransmission-r16 = fullpowerMode1 (Table 7.3.1.1.2-3A)

	7
	maxRank = 2; 2 ports; codebookSubset = noncoherent (Table 7.3.1.1.2-4)

	8
	maxRank = 2; 2 ports; codebookSubset = noncoherent; ul-FullPowerTransmission-r16 = fullpowerMode1 (Table 7.3.1.1.2-4A)

	9
	maxRank = 1; 2 ports; codebookSubset = noncoherent (Table 7.3.1.1.2-5)

	10
	maxRank = 1; 2 ports; codebookSubset = noncoherent; ul-FullPowerTransmission-r16 = fullpowerMode1 (Table 7.3.1.1.2-5A)


For non-codebook-based PUSCH transmission, based on the design that the second SRI field does not indicate layer information, bit width of the second SRI field is determined by number of SRS resources in the corresponding SRS resource set and the maximum number of SRI combinations of one specific layer. Almost all cases don’t have enough reserved entries if the reserved entries in the second SRI field are intended to indicate dynamic switching between MTRP and STRP, as shown in Table 3 highlighted in yellow. One additional bit may also be required in the second SRI field for such cases. Moreover, the second SRI field may be absent if there is only one SRS resource in the corresponding SRS resource set. In this case, two bits are required to indicate the cases: TRP1, TRP2, TRP1 and TRP2. 
[bookmark: _Ref68182661]Cases without enough reserved entries in the second SRI field for CB-based PUSCH
[image: ]
Therefore, Alt.2 seems not a clean design for following reasons:
For NCB-based PUSCH transmission, dynamic switching sometimes uses the second SRI table only containing the layer-specific SRI entries, sometimes uses another second SRI table with additional reserved entries.
For CB-based PUSCH transmission, dynamic switching sometimes uses the second TPMI table only containing the layer-specific TPMI entries, while in other occasions uses another second TPMI table with additional reserved entries.
A good signaling design should avoid mixing different cases to support dynamic switching indication, otherwise it will be complicated to specify the TPMI tables for all cases. 
For Alt.3, dynamic switching between STRP and MTRP can be indicated for the corresponding scheduling resource in time domain without increasing the DCI overhead by introducing a column to TDRA table with each element containing one of the cases: TRP1, TRP2, TRP1 and TRP2.  
Based on above analysis, our preference is Alt.1 and Alt.3 which are unified and clear design to support dynamic switching between STRP and MTRP.
Introduce a new field or reuse FDRA field to indicate dynamic switching between STRP and MTRP.  
Dynamic switching order of two TRPs
To achieve more scheduling flexibility of network, the TRP to which the first PUSCH repetition targets should also be indicated. More reliability of PUSCH transmission may also be acquired as the network has a chance to select one TRP with better channel quality in some cases.
[bookmark: _Hlk61378787]A simple example is shown in Figure 8. TRP_x is configured for UE1 as the first TRP while it is also configured for UE2 as the second TRP. Assume cyclic beam mapping pattern is configured for both UE1 and UE2, and same Rx beam1 is required for TRP_x to receive certain PUSCH repetitions from UE1 and UE2. In a), Rx beam1 of TRP_x will be occupied until the end of last PUSCH repetition, i.e., from slot n to n+3, because the TRP_x has to receive the PUSCH repetitions from two UEs in turn. Under this circumstance, TRP_x cannot schedule a third UE with other Rx beams in any slots from n to n+3. If the scheduling DCI can dynamically indicate UE2 that TRP_x is the first TRP that the first PUSCH repetition targeting to, TRP_x is available to schedule other UEs in slot n+1 and n+3.  


a)


b)
[bookmark: _Ref61862657][bookmark: _Hlk61532569]Examples of PUSCH scheduling in MTRP scenario.
The second example is shown in Figure 9. Assuming that a PUCCH with 2 repetitions is overlapping with the PUSCH from the third repetition, PUSCH repetition occasions having overlapped symbols with the PUCCH shall be dropped under current specification. Through dynamic switching the order of TRPs, gNB can schedule the valid repetition to one TRP with better channel quality or with lower blockage probability. Hence, the transmission reliability can be further enhanced in this circumstance. Actually, the cancellation of a PUSCH repetition occurs in many cases, such as by the indication of group common DCI format 2_4. So, enabling more flexibility for gNB to schedule PUSCH towards MTRP is highly desired.


[bookmark: _Ref68182862]Another example of PUSCH scheduling in MTRP scenario.

To ensure the scheduling flexibility, dynamically switching the order of two TRPs for PUSCH repetitions is desired. 
Actually, dynamic switching the order of TRPs is already supported in Rel-16 DL MTRP operation in which two codepoint with different order of TCI states can be activated simultaneously for PDSCH transmission. So, it’s reasonable to support this feature for Rel-17 PUSCH MTRP enhancement. 
The operations of switching the order of TRPs can be further discussed under the following three options:
Option 1: Reuse the new field introduced for dynamic switching between STRP and MTRP.
Option 2: Exchange the association of two SRI field with two SRS resource sets by MAC CE. 
Option 3: Utilize TDRA field. 
Support to dynamically switch the order of targeting TRPs and further study the indication method. 
[bookmark: _Hlk67995380]Power Control enhancement for PUSCH transmission
	Agreement
For single-DCI based M-TRP PUSCH repetition schemes, up to two power control parameter sets (using SRI-PUSCH-PowerControl) can be applied when SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2. 
· FFS1: Details on linking SRI fields to two power control parameters, 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK3]Alt. 1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
· Alt. 2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
· Alt. 3: Let RAN2 handle this
· Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
· FFS2: Enhancements on open-loop power control parameter set indication
· FFS3: Consideration on srs-PowerControlAdjustmentStates
· FFS4: Impact of multi-TRP PUSCH repetition on PHR reporting
· FFS5: Enhancement on power control parameters per TRP when SRI(s) indication of two SRS resource sets is absent.
Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH, select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing 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 (the existing 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 (similar to the existing 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.



Acquisition of two sets of power control parameters for PUSCH transmission
[bookmark: OLE_LINK2]In Rel-16, an SRI-PUSCH-PowerControl is selected by the SRI field in DCI from sri-PUSCH-MappingToAddModList which is a list of SRI-PUSCH-PowerControl elements. The SRI-PUSCH-PowerControl element contains sri-PUSCH-PathlossReferenceRS-Id, sri-P0-PUSCH-AlphaSetId, and sri-PUSCH-ClosedLoopIndex, which provides a set of power control parameter consisting of PL-RS, P0, alpha, and PUSCH power control adjustment state l respectively for transmission power calculation. 
In Rel-17 MTRP PUSCH enhancement, two power control parameter sets can be linked to SRI fields by the following four alternatives:
Alt.1: Add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList
Alt.2: Add SRS resource set ID in SRI-PUSCH-PowerControl, and select SRI-PUSCH-PowerControl from sri-PUSCH-MappingToAddModList considering the SRS resource set ID
Alt.3:  Let RAN2 handle this.
Alt.4: Add second sri-PUSCH-PathlossReferenceRS-Id/sri-P0-PUSCH-AlphaSetId/sri-PUSCH-ClosedLoopIndex in SRI-PUSCH-PowerControl.
Regarding Alt.1, associating sri-PUSCH-MappingToAddModList with SRS resource set, two SRI-PUSCH-PowerControl elements for each TRP can be selected by two SRI fields respectively. While Alt.2 and Alt.4 have more specification impact than Alt.1 to enhance the SRI-PUSCH-PowerControl element. From the perspective of future’s extension of MTRP scenario accommodating more TRPs which needs more sets of power control parameters, Alt.1 can be applied directly by just increasing the number of sri-PUSCH-MappingToAddModList.
Support to add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList.
When the SRI field(s) are absent, two sets of power control parameters for PUSCH transmission towards two TRPs can be predefined for UE. Among each power control parameter set, PL-RS relating to beam direction has significant impact on transmission power, at least two PL-RS shall be predefined.
 At least two PL-RS shall be predefined when SRI field(s) are absent.
Enhancement on TPC fields 
In general, the wireless channels between UE and two TRPs are independent, consequently, the close loop power adjustment of two links are independent. So, option 3 is preferred to indicate two separate TPC values applied to two PUSCH beams, respectively. Besides, when the power control adjustment is configured to adjust power using absolute instead of accumulated TPC command, option 3 is more reasonable to change the transmission power towards both TRP simultaneously.
· Option.1: A single TPC field (the existing 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 (the existing 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 (similar to the existing 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.
Option3, i.e., a second TPC field (like the existing TPC field) is added in DCI formats 0_1 / 0_2, is preferred to indicate two TPC values applied to two PUSCH beams, respectively.
Enhancement on OLPC field
[bookmark: OLE_LINK19]To guarantee the reliability of URLLC service in inter-UE multiplexing case, Rel-16 introduced an additional P0 for each SRI field codepoint to boost the power of URLLC transmission. 1 bit open-loop power control parameter set indication (OLPC) field is used to select one p0 from sri-PUSCH-powerControl or from p0-PUSCH-Set-r16. If value of the field equals to ‘1’, p0 from p0-PUSCH-Set-r16 is utilized to determine the transmission power of UE. In M-TRP scenario, in which PUSCH repetitions transmit towards up to two TRPs, multiplexing with eMBB or URLLC UE may occur during transmission towards only one TRP. Hence, the determination of whether to use the power boosting p0 or not shall be independently indicated. 2 bits are required and interpreted as Table 4. The first bit is used to confirm P0 value for PUSCH repetitions towards the first TRP while the second bit is used to confirm P0 value for PUSCH repetitions towards the second TRP
In Rel-16, when SRI field is absent, three open loop power levels are provided to UE. The first one for eMBB is P0 from first P0-PUSCH-AlphaSet, the second one for URLLC is the first P0 in p0-PUSCH-Set-r16 with the lowest p0-PUSCH-SetID, and the third one for power boosting of URLLC multiplexing with URLLC traffic from another UE is the second P0 in p0-PUSCH-Set-r16 with the lowest p0-PUSCH-SetID. Under this circumstance, two bits of OLPC field are used to choose one P0 from the above three values. Considering that repetitions towards M-TRP carries same type of service, so three bits are sufficient to separately select one P0 for PUSCH repetitions towards M-TRP in Rel-17. Table 5 lists the interpretation of OLPC field. According to the type of scheduling data, the first bit is used to inform UE which set that P0 is from. The second and third bit is used to select P0 from p0-PUSCH-Set-r16 for PUSCH repetitions towards M-TRP respectively.
[bookmark: _Ref68183855]2bits OLPC field indication 
	value
	The first bit  
	 The second bit  

	0
	value from sri-PUSCH-powerControl
	value from sri-PUSCH-powerControl

	1
	value from p0-PUSCH-Set-r16
	value from p0-PUSCH-Set-r16





[bookmark: _Ref68183871]3 bits OLPC field indication
	value
	The first bit
	The second bit when the first bit equals to 1
	The second bit when the second bit equals to 1

	0
	value from P0-PUSCH-AlphaSet
	a first value in P0-PUSCH-Set-r16
	a first value in P0-PUSCH-Set-r16

	1
	value from p0-PUSCH-Set-r16
	a second value in P0-PUSCH-Set-r16
	a second value in P0-PUSCH-Set-r16


Single OLPC field with bit width of 2 or 3 bits can be supported to indicate two P0 for PUSCH repetitions toward different TRP, respectively. 
PUSCH PL-RS update
The associated PL-RS in each SRI-PUSCH-PowerControl IE configured in sri-PUSCH-MappingToAddModList can be modified by MAC CE format shown in Figure 10. The PUSCH Pathloss Reference RS ID field indicates the target PL-RS index that will renew the associated PL-RS in SRI-PUSCH-PowerControl IEs indicated by SRI ID field. Now that another sri-PUSCH-MappingToAddModList is introduced to configure PUSCH power control parameters for PUSCH transmission towards another TRP, this format shall be further enhanced to clarify which list the SRI-PUSCH-PowerControl IEs indicated by SRI ID field belongs to. 


[bookmark: _Ref68183947]PUSCH Pathloss Reference RS Update MAC CE 
PUSCH PL-RS associated in SRI-PUSCH-PowerControl of both sri-PUSCH-MappingToAddModList can be updated separately by MAC CE.
[bookmark: OLE_LINK4]PTRS-DMRS association field enhancement for PUSCH transmission
	[bookmark: OLE_LINK8] Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.


Further enhancements on PTRS-DMRS association field are required to ensure reliable estimation accuracy for both TRPs. Indicated by PTRS-DMRS association field in DCI, PTRS is associated with the strongest layer. However, the strongest layers of two PUSCH repetitions passing through different wireless channels are different. Hence, PTRS-DMRS association field shall be enhanced to indicate separate PTRS-DMRS association for PUSCH repetitions towards different TRPs.   
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In Rel-16, a 2 bits PTRS-DMRS association field can indicate all cases of association between PTRS and the scheduling DMRS ports. In Rel-17, legacy 2 bits are enough when maxRank=2. However, for maxRank>2, this field shall be extended up to 4 bits to indicate two independent association relations.  
2 additional bits are needed for PTRS-DMRS association for maxRank > 2.
[bookmark: _Hlk66787399]Beam granularity and beam pattern
	Agreement (RAN1 103-e)
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.
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 (RAN1 104-e)
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource




For PUSCH scheduled by DCI format 0_0, the UE shall transmit PUSCH according to the beam corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell or the CORESET with the lowest ID on the active DL BWP of the cell. When the PUCCH resource or the CORESET associates two beams, the first one can be used as default beam for PUSCH scheduled by DCI format 0_0.
The first beam of PUCCH resource or CORESET with lowest ID can be defined as default beam for PUSCH scheduled by DCI format 0_0 when the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell or the CORESET with the lowest ID on the active DL BWP of the cell associates two beams.
For PUSCH repetition type B, beam switches based on nominal repetition occasion, while for PUSCH repetition type A, beam switches based on slot. Assuming that gNB serve for both UEs of repetition type A and UEs of repetition type B simultaneously, supporting slot-based beam switching for repetition type B may be friendly for gNB to distribute receiver beam uniformly. For the purpose of implementation and analog beam coordination in cases that gNB schedules multiple UE of different type, slot-level beam switching can be supported. Moreover, if inter-slot frequency hopping is enabled for PUSCH repetition type B, beam switching based on frequency hopping pattern can be easily implemented by UE.
Beam switching based on slot level is friendly to coordinate transmission of UEs with various configurations in the same cell.
Support slot index dependent beam mapping for PUSCH repetition Type B. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In order to acquire the Tx diversity of PUSCH from different antenna ports or panels, PUSCH can be split into two parts associated with different beam when the number of Type A repetition is configured to 1. For a Type A PUSCH repetition with total scheduled N symbols, the first part with length of N1 symbols is associated with the first beam, and the second part formed by the remaining N-N1 symbols is associated with the second beam. In this case, additional DM-RS is always required and located in the second part of PUSCH repetition to enable demodulation of this part. It can be seen in current spec that DMRS is mapped relative to the start of each hop in case frequency hopping is enabled. Beam switching of one PUSCH repetition can be supported based on intra-slot frequency hopping. When intra-slot frequency hopping is enabled and repetition number is 1, beam switching can be applied for different frequency hops.   
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]To verify the gain of beam switching with repetition number is set to 1, we have evaluated the link level performance. Simulation assumptions/parameters can be found in Table 6 in appendix. As shown in Figure 11, at the target BLER of 10-3, more than 5 dB gain can be obtained compared to one PUSCH repetition without beam mapping. 

[image: ]
[bookmark: _Hlk61334082]Performance of beam switching when repetition number is set to 1.
[bookmark: _Hlk61883560]For PUSCH repetition Type A scheduled with repetition number setting to 1, beam switching of PUSCH is applied for the two hops. 


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


            
[bookmark: _Hlk61334128][bookmark: _Hlk61334151]b) cyclical mapping pattern in case of inter-slot hopping
[bookmark: _Ref61862759]
When frequency hopping of PUSCH is configured, the performance of PUSCH will be affected by different beam patterns. Assuming PUSCH is configured with inter-slot hopping, if adopting cyclical mapping (Figure 12.b), same frequency hopping is always mapped to the same beam, so that there is no frequency diversity can be achieved with same performance as when frequency hopping is disabled. If adopting sequential mapping (Figure 12.a), on the contrary, two frequency hops appear for every beam, achieving frequency diversity in every beam.
[bookmark: _Hlk61333849]Diversity gain of inter-slot frequency hopping can be achieved if sequential beam mapping pattern is configured.
The association between frequency hopping pattern and beam pattern should be properly selected.
[bookmark: _Hlk61859991]CSI report on PUSCH
	Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· [bookmark: OLE_LINK7]The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.


The following issues shall be further considered when enhancing CSI report on PUSCH:
Issue 1: Whether to enhance CSI report without data on PUSCH repetition type A or B scheduled by enhanced DCI format which can schedule CSI report on PUSCH towards M-TRP to withstand the blockage. 
Issue 2: Whether to multiplex HARQ-ACK also on the X-th actual repetition corresponding to the second beam when it is to be multiplexed on the first actual repetition because of time domain resource overlapping as shown in the following figure.


Issue 3: Whether to multiplex CSI report on the X-th actual repetition corresponding to the second beam with same number of symbols as the first actual repetition corresponding to the first beam, when the X-th actual repetition corresponding to the second beam is to be used to multiplex HARQ-ACK because of time domain resource overlapping as shown in the following figure；


Issue 4: Whether to multiplex CSI report on the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam, when both repetition occasions are going to be used to multiplex different HARQ-ACK because of time domain resource overlapping as shown in the following figure；


Issue 5: Whether to enhance periodic CSI report and/or HARQ-ACK which are to be multiplexed on PUSCH repetition occasion, when they are carried on PUCCH overlapped with PUSCH repetition type B, and the number of overlapped repetitions corresponding to each TRP is at least one. 


Before we make a resolution on the above cases, some principles can be discussed at first. For instance, the number of REs for multiplexing CSI report should be same for both repetitions to ensure a unified rate matching so that combination of repetitions can be easily implemented. If the UCI is carried on PUCCH without repetition, does it necessary to multiplex it over multiple repetitions towards multi-TRP?
Further discuss collision handling between PUSCH repetitions and UCI.
Configured Grant based PUSCH repetition
	Agreement
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
· The feature is UE optional


To provide two sets of transmission parameters applied for CG PUSCH towards M-TRP, at least two powerControlLoopToUse and two p0-PUSCH-Alpha shall be configured for CG type 2, while in addition to these two parameters, a second srs-ResourceIndicator, precodingAndNumberOfLayers, and pathlossReferenceIndex field in rrc-ConfiguredUplinkGrant are required for CG type 1. For CG type 1, it seems unnecessary to compress the size of the second srs-ResourceIndicator field and precodingAndNumberOfLayers field because they are RRC signaling. So, the interpretation of these second fields can reuse Rel-15/16 framework by utilizing the same tables. 
For CG type1, two srs-ResourceIndicator and two precodingAndNumberOfLayers shall be configured with each field reusing Rel-15/16 framework. 
In Rel-16, for a PUSCH corresponding to a CG Type 1 transmission, the UE may assume the association between UL PT-RS port(s) and DM-RS port(s) defined by value “0” in Table 7.3.1.1.2-25 or value "00" in Table 7.3.1.1.1.2-26 described in Clause 7.3.1 of [TS38.212]. The association between PTRS ports and DMRS ports are predefined. The same default relation can be inherited for CG PUSCH transmission towards both TRP because CG type 1 is semi-statically configured.   
 For CG type1, clarification of UL PT-RS port(s) and DM-RS port(s) for CG type 1 towards M-TRP is required.
Current specification states that power control parameters applied for CG retransmission are from CG configuration. Regarding a representative case shown in Figure 13, where initial transmission of a TB is occurred in one CG towards a TRP while retransmission is occurred in a PUSCH towards another TRP, power control parameters at least PL-RS of CG configuration is not suitable for retransmission PUSCH anymore. Hence further study on power control of CG retransmission is required for CG enhancement in MTRP scenario.


[bookmark: _Ref61862716]A scheduling case in MTRP scenario.
[bookmark: _Hlk61532494][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Further discuss power control of CG retransmission.
[bookmark: _GoBack]Conclusions 
1. 
1.1. 
In this contribution, we have following observations and proposals:
1. Assumption1, assumption2 and assumption3 can be seen as same category.
1. With agreed simulation assumptions, performance of PUSCH repetitions towards multiple TRPs sharing one TPMI is almost the same as PUSCH repetitions using separate TPMI in FR1.
1. To ensure the scheduling flexibility, dynamically switching the order of two TRPs for PUSCH repetitions is desired. 
1. Beam switching based on slot level is friendly to coordinate transmission of UEs with various configurations in the same cell.
1. Diversity gain of inter-slot frequency hopping can be achieved if sequential beam mapping pattern is configured.

1.    Lowest CORESET ID is applied for PUCCH resource determination.
Support intra-slot PDCCH repetition only in Rel17.
Support linking two SS sets by RRC configuration only without additional MAC CE command.
Consider indicating whether rate matching of PDSCH is applied or not to the UE.  
It is up to UE implementation to perform assumption1, 2 or 3, and always assumes 2BDs 
QCL assumption for the PDSCH refers to QCL assumption for the lowest CORESET ID of the corresponding PDCCH.
Do not support PDCCH repetitions associated with different CORESETPoolIndex values.
Support PDCCH repetition for S-TRP within same framework as for M-TRP.
Support overlapped PDCCH repetition in case of FR2.
Study the issue of ambiguity on source of PDCCH candidate. 
Clarify whether scheduling patterns in Figure 3 should all be supported.
Taking later PDCCH candidate in time as reference candidate to determine the timeline for HARQ-ACK feedback of PDCCH.
The timing for active BWP switching should be discussed considering PDCCH repetition.
Number of linked PDCCH repetition pairs in one slot is subject to UE capability.
Clarify which reference PDCCH candidate is selected for drx-InacitivityTimer.
Working assumption on support of PUCCH Scheme 3 can be confirmed.
Support Scheme 2, MTRP intra-slot PUCCH beam hopping, by applying the symbol pattern   and DMRS pattern of intra-slot frequency hops for PUCCH formats 1, 3 and 4.
It is unnecessary to introduce gap between PUCCH/PUSCH repetitions at least when the spatial filter to transmit the beam is known and beams are switched within the same panel.
Support to configure spatial relation in FR1.
Support two TPC field (Option 3) in DCI formats 1_1 / 1_2 used to indicate two TPC values.
In FR1, support PUSCH repetitions transmitting towards multiple TRPs sharing the same TPMI indicated by one TPMI field to further reduce the DCI overhead.

Bit width of the second TPMI field is  applicable rank set，where is the number of TPMIs of rank .
The second SRI field in non-codebook based PUSCH only contains the SRIs combinations of same layer as the first SRI field. 
 Introduce a new field or reuse FDRA field to indicate dynamic switching between STRP and MTRP.    
Support to dynamically switch the order of targeting TRPs and further study the indication method. 
Support to add second sri-PUSCH-MappingToAddModList, and select two SRI-PUSCH-PowerControl from two sri-PUSCH-MappingToAddModList.
At least two PL-RS shall be predefined when SRI field(s) are absent.
Option3, i.e., a second TPC field (like the existing TPC field) is added in DCI formats 0_1 / 0_2, is preferred to indicate two TPC values applied to two PUSCH beams, respectively.
Single OLPC field with bit width of 2 or 3 bits can be supported to indicate two P0 for PUSCH repetitions toward different TRP, respectively. 
PUSCH PL-RS associated in SRI-PUSCH-PowerControl of both sri-PUSCH-MappingToAddModList can be updated separately by MAC CE.
2 additional bits are needed for PTRS-DMRS association for maxRank > 2.
The first beam of PUCCH resource or CORESET with lowest ID can be defined as default beam for PUSCH scheduled by DCI format 0_0 when the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell or the CORESET with the lowest ID on the active DL BWP of the cell associates two beams.
Support slot index dependent beam mapping for PUSCH repetition Type B. 
For PUSCH repetition Type A scheduled with repetition number setting to 1, beam switching of PUSCH is applied for the two hops. 
The association between frequency hopping pattern and beam pattern should be properly selected.
Further discuss collision handling between PUSCH repetitions and UCI.
For CG type1, two srs-ResourceIndicator and two precodingAndNumberOfLayers shall be configured with each field reusing Rel-15/16 framework. 
For CG type1, clarification of UL PT-RS port(s) and DM-RS port(s) for CG type 1 towards M-TRP is required.
Further discuss power control of CG retransmission.

Appendix
Agreements on PDCCH:  
	Agreement
Confirm the 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
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.
Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.
Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:
· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.
· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.
Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.
Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set
Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation
Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2
Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.
· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.
Agreement
For PDCCH repetition, two PDCCH candidates in two SS sets are linked based on
· Having the same AL and the same candidate index: 
· Two linked SS sets are configured with the same number of candidates for each AL.
Conclusion.
The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. 













[bookmark: _Ref61863214]LLS parameters and assumptions for PUSCH enhancement
	Parameter
	Value

	Carrier frequency for evaluation
	30 GHz

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

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	2 Tx/2 Rx antenna ports 

	UE antenna configuration
	2 Tx/2 Rx antenna ports

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

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

	Channel estimation
	Practical

	Receiver type
	MMSE

	The number of TRPs
	2

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

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

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

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

	DMRS pattern
	DM-RS configuration type 1

	# of layers
	1

	Code rates
	0,4

	Frequency hopping
	disabled

	UL transmission scheme
	Codebook based UL transmission is baseline. 

	Redundancy Version
	{0，0}

	Number of repetitions (when applicable)
	2,

	Schemes
	TDM

	Receiver assumption
	soft combining/joint detection



[bookmark: _Ref61860829]

[bookmark: _Ref68596363]Link-level simulation parameters and assumptions for PUCCH enhancement
	Parameter
	Value


	Carrier frequency for evaluation
	30 GHz

	Channel
	CDL-A (2Tx, 2Rx), delay spread 20ns

	BWP size
	24 PRBs

	Waveform
	CP-OFDM

	SCS
	120 kHz

	BS antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1). (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (2.0, 4.0)λ

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

	UE speed
	3km/h

	Angles
	The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in subclause 7.7.5.1 in TR 38.901 accordingly.

	PUCCH resource
	Format 3: 1 PRB, 8 Symbols
1TRP: with intra-slot frequency hopping
2TRP: with intra-slot frequency/beam hopping

	Num of PUCCH bits
	16 bits

	Repetition number
	1

	Path loss between 2TRPs
	0dB, 3dB, 6dB

	Blockage modeling
	Independent blockage per-TRP of 10dB loss with probability 0.1 from the first repetition to the end
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