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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions 
Many agreements have been made on PUSCH and PUCCH enhancement in RAN1#104bis-e. In this contribution, we further discuss remaining issues on PUSCH and PUCCH in separate sections below.
Enhancement for PUCCH
This section will focus on the remaining issues on MTRP PUCCH enhancement.
Support of PUCCH repetition schemes
	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.
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



Sub-slot repetition for all PUCCH formats has been agreed in Rel-17 eIIoT/eURLLC to enhance the reliability and reduce the latency of UCI transmission. Naturally, sub-slot repetition, an embodiment of intra-slot repetition (Scheme 3) for all PUCCH formats in MTRP PUCCH enhancement shall be supported to counteract blockage and further improve the performance of PUCCH in URLLC scenarios.
Confirm the working assumption on support of PUCCH Scheme 3.
However, Scheme 3 can only be supported when sub-slot PUCCH is configured. For a UE not supporting sub-slot PUCCH or not configured with sub-slot PUCCH, intra-slot beam hopping (Scheme 2) will play an important role to achieve performance gain with low latency when the repetition number is set to 1.
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, Scheme 2 can be straightforwardly implemented based on DMRS pattern with frequency hopping 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 1 obvious diversity gain can be observed for different pathloss gaps. Detailed simulation assumptions are given in Table 4 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.
[bookmark: _Hlk69909668]Power control for PUCCH repetitions
	Agreement
For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported
· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index). 
· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.


In Rel-16, spatial relation can be updated simultaneously for all PUCCH resources configured within a PUCCH group, which can save MAC CE signaling overhead in FR2. In Rel-17 MTRP PUCCH, two power control parameter sets shall be linked to one PUCCH resource in FR1 by MAC CE. For the sake of reduction on MAC CE signaling overhead, PUCCH group configured in Rel-16 can be referred to indicate power control parameter sets for a group of PUCCH resources simultaneously.   
PUCCH group configured for updating spatial relation info can be utilized to link power control parameter sets to a group of PUCCH resources simultaneously. 
A great deal of discussion has been going on for several meetings, and it is still controversial to introduce a second TPC field and if not how to interpret the single TPC field in MTRP scenario.  One side thinks that a single 2-bit TPC field is enough to indicate one TPC value applied to adjust closed loop power for PUSCH repetitions transmitting to one TRP or both TRPs, while the other side deems that two TPC fields indicating two TPC values is beneficial. Our preference is two TPC fields, which is a flexible and accurate scheme for gNB to adjust the transmission power concurrently. 
Support two TPC field (Option 3) in DCI formats 1_1 / 1_2 used to indicate two TPC values.
Inter-slot frequency hopping  
	Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1 #105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 



When inter-slot frequency hopping for PUCCH is configured, the performance of PUCCH will be affected by different beam patterns. Assuming PUCCH is configured with inter-slot frequency hopping, if cyclical mapping is configured (Figure 2.a), same frequency hop is always mapped to the same beam, so that no frequency diversity can be achieved for one specific beam. However, PUSCH repetitions have a chance to be scheduled on preferred frequency for each beam in this circumstance. On the contrary, frequency diversity in every beam can be achieved if sequential mapping is configured, as shown in Figure 2.b where two frequency hops appear for every beam.  In light of the analysis, we think the legacy frequency hopping behavior performs its merits under different beam mapping patterns. So, there is no need to specify any enhanced frequency hopping behavior. 



 
a)                                                                             b)
[bookmark: _Ref69978986]Frequency hopping performs on slot level when cyclical beam pattern and sequential beam pattern are configured.
When inter-slot frequency hopping is configured with Scheme 1, frequency hopping is performed on slot level as in Rel-15 (no spec impact) (Option 3).

Beam mapping   

	Agreement   
Confirm the following 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.

Agreement 
Confirm the following 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 parameter set mapping to sub-slots.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 



Similar as MTRP PDSCH, beam mapping pattern can be configured by RRC and applied to all PUCCH resources. The configured cyclical or sequential beam mapping pattern can be implemented when repetition number is larger than two. To acquire beam diversity in MTRP scenario, cyclical beam mapping is mandatory when PUCCH repetition number is 2 regardless the configured beam mapping pattern.
Cyclical beam mapping is mandatory when PUCCH repetition number is 2.

Enhancement on PUSCH
Great progress has been made in last meeting. This chapter will focus on the remaining issues on PUSCH enhancement.
[bookmark: _Hlk60733651]Dynamic switching order of two TRPs
	Working Assumption
For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition,
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation
· FFS: Whether the new field is 1 bit or 2 bits




To achieve more scheduling flexibility, the TRP to which the first PUSCH repetition targets should be dynamically 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 3. 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. As shown in Figure 3 b), 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.
Another example is shown in Figure 4. 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 according to 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, e.g. Tx beam 2. 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. In addition, dynamic switching the order of TRPs has already been supported in MTRP PDSCH through activating two codepoints containing two TCI states with different order. Hence, there is not any reason to exclude this feature in MTRP PUSCH.  



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

To ensure the scheduling flexibility, dynamic switching the order of two TRPs for PUSCH repetitions is desired. 
Support to dynamically switch the order of two indicated SRIs.

[bookmark: _GoBack]To indicate dynamic switching between STRP and MTRP, a new field is introduced to indicate at least the STRP or MTRP operation. One bit for the new field is needed to indicate switching between legacy PUSCH repetition operation (single SRS resource set) and Rel-17 MTRP PUSCH repetition (two SRS resource sets). If STRP operation is indicated, it’s beneficial to give a chance for gNB to select a TRP with better channel quality. Another codepoint can be utilized to switch the order of target TRPs in MTRP operation if dynamic switching the order of SRIs is supported. Thus, the newly introduced field can be 2 bits, interpreted as the following table:
	Value
	Indication

	00
	TRP0

	01
	TRP1

	10
	TRP0/TRP1

	11
	TRP1/TRP0


Two bits of the new field are required to indicate four cases (TRP0, TRP1, TRP0 and TRP1, TRP1 and TRP0). 
Regarding the overhead of DCI, the size of the introduced new field can be further reduced by MAC CE through down selecting the codepoints. For instance, if the link of UE towards TRP0 is better, gNB may activate two codepoints of the new field to indicate two cases: TRP0, TRP0/TRP1, while if blockage frequently occurs on linkage of UE towards TRP0 or TRP1, gNB may activate two codepoints to indicate two cases: TRP0/TRP1, TRP1/TRP0. In this way, only one bit for the new field is enough to select one of the two activated codepoints.
 MAC CE can be introduced to activate the codepoints for the introduced new field to further reduce the overhead of the new field. 
Shared TPMI indicated by one TPMI field 
	Agreement RAN1 #104-e
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



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 5 and Figure 6 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 5 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 superior to PUSCH repetitions using separate TPMIs with separate detection. The BLER curves in Figure 6 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.
[image: ]
[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 reduce the DCI overhead in some cases.
In FR1, support PUSCH repetitions transmitting towards multiple TRPs sharing the same TPMI indicated by one TPMI field to reduce the DCI overhead.
[bookmark: _Hlk67995380]Power Control enhancement for PUSCH transmission
Enhancement on OLPC field
	Agreement 
For the indication of open-loop power control parameter (OLPC) in DCI format 0_1/0_2, support enhanced open-loop power control parameter (OLPC) set indication by indicating per-TRP OLPC set.
· FFS: Details of indication.



[bookmark: OLE_LINK19]To guarantee the reliability of URLLC service in inter-UE multiplexing case, Rel-16 has introduced an additional P0 for each SRI field codepoint to boost the power of URLLC transmission other than the that of eMBB transmission. A 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 MTRP scenario, where PUSCH repetitions transmit towards up to two TRPs, multiplexing with another UE with eMBB or URLLC transmission may occur during its transmission towards one of the two TRPs. Hence, the determination of whether to use the power boosting P0 or not shall be independently indicated for each TRP. 2 bits are required and interpreted as Table 1. 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.
[bookmark: _Ref68183855]2-bit 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



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 the 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, a 2-bit OLPC field are used to choose one P0 from the above three values. Considering that repetitions towards multiple TRPs carry same type of service, three bits are sufficient to separately select one P0 for PUSCH repetitions towards multiple TRPs in Rel-17. Table 2 lists the interpretation of OLPC field. According to the service type of transmission, 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 multiple TRPs respectively.

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

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

	1
	value from p0-PUSCH-Set-r16
	second value in P0-PUSCH-Set-r16
	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 values for PUSCH repetitions toward different TRPs, respectively. 
Enhancement on PHR
	Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 



For PHR reporting related to MTRP PUSCH repetitions, four options have been approved to be selected in this meeting. However, triggering condition for the TRP specific PHR reporting is not touched. Such conditions should be clarified first before making decision on whether and how to support TRP specific PHR report.  For MTRP PUSCH, it seems reasonable to define triggering events separately for both TRPs to avoid ineffective PHR reporting.
Triggering condition of PHR should be clarified before agreeing enhancement on PHR report.
Triggering events of PHR shall be defined per TRP.
For the four options agreed last meeting, Regarding Option 1, one PHR associated with the first PUSCH occasion is calculated and reported, which has less specification impact. However, the power headroom of PUSCH repetition towards only one TRP can be acquired by gNB. In general, the transmission power may vary a lot due to the different distances from two TRPs. So, it is hard for gNB to determine a proper transmission power for the TRP without PHR reporting.
Regarding Option 2, two PHRs are calculated and one of them can be reported, leaving the selection of the PHR for reporting as a pending issue. Compared to Option 1, this option provides a chance for PHR reporting associating either TRP at some instants. However, gNB cannot obtain the PHRs simultaneously for both TRPs.
Regarding Option 5, legacy behaviour on reporting PHR is for PUSCH repetitions using the same power control parameters, which is no longer applicable for PUSCH repetitions towards two TRPs with two sets of parameters.
Compared to other options, Option 4 is the most reasonable solution. Two PHRs associated with two TRPs can be reported simultaneously, which is a natural way for UE to provide sufficient information to gNB for the purpose of scheduling flexibility.
Send LS to RAN2 to ask their opinion on the following option:
Support to calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs (Option 4).  
When a UE is configured with multiple cells for PUSCH transmissions, transmission occasions of PUSCH scheduled on serving cells overlapping with PUSCH carrying PHR can be deemed as real power headroom calculation transmission occasions. A simple example is shown in Figure 7, the first overlapped transmission occasion (TO) in CC2 is used to calculate PHR for serving cell 2 under the stipulation in current specification. In MTRP PUSCH, in which two occasions associated with two TRPs are the target transmission occasions for calculating PHR, the specification for calculating real power headroom for other cells may need to be enhanced to ensure two PHR calculation and reporting.


[bookmark: _Ref71193341]PHR in CA scenario.

Further study PHR for serving cells in CA scenario.
Power control parameters acquisition for non-codebook PUSCH repetition 
	Agreement
When SRS resources from two SRS resource sets indicated in DCI format 0_1/0_2, for linking SRI fields to two power control parameters, it is up to RAN2 to finalize the RRC details related to linking. RAN1 identified that the following options could be used. 
· 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

Working Assumption
For non-codebook based multi-TRP PUSCH, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. The number of bits, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.






For non-codebook PUSCH transmission, to reduce the DCI overhead, the second SRI field just indicates the SRIs combinations with same layers as the first SRI field, that is to say the second SRI field can only indicate an SRI corresponding to a single layer number same as that indicated by the first SRI field. In this case, with same value of the second SRI field, different SRI(s) combinations of different layer may be indicated. However, the power control parameter set mapped by SRI field with same value is the same one if legacy behavior is inherited. This is obviously unreasonable since the same SRI value would be interpreted differently if number of layers is different. One simple way to handle this is to introduce an additional offset to the value of second SRI field. The offset can be formulated as , where  is the number of SRS resources configured in the second SRS resource set, and  is the layer number indicated by the first SRI field.  

An additional offset can be introduced when UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the second SRI field, which is given by , e.g. the actual mapped sri-PUSCH-PowerControlId is equal to the value of the second SRI field plus the offset.
[bookmark: OLE_LINK2]In Rel-16, a value of 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 parameters corresponding to PL-RS, P0, alpha, and PUSCH power control adjustment state l respectively for transmission power calculation. When SRI field is absent, one set of power control parameters are obtained by default ID values. In MTRP scenario, two sets of default power control parameters are also needed when SRI fields are absent. So, we propose to define default values of each set of power control parameters when SRI field(s) is absent. The first power control parameter set in each sri-PUSCH-MappingToAddModList, if applicable, can be default values when SRI field(s) is absent. Otherwise, default values can be defined as:
p0 and Alpha from the first and second P0-PUSCH-AlphaSet in p0-AlphaSets,
PL-RS with PUSCH-PathlossReferenceRS-Id value being equal to zero and one,
Close loop index with l=0 and l=1
for each TRP.
[bookmark: _Hlk70068280][bookmark: _Hlk70416573]Define default values of each set of power control parameters when SRI field(s) is absent.
Enhancement on TPC fields 
Same as TPC field enhancement for PUCCH, two TPC fields are 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 for PUSCH, two TPC fields shall be always required because it is more reasonable to change the transmission power towards both TRP simultaneously with separate TPC values.
For absolute power adjustment, a second TPC field (like the existing TPC field) is mandatory in DCI formats 0_1 / 0_2 when two closed-loop power adjustment states are configured to UE.
[bookmark: OLE_LINK4]PTRS-DMRS association field enhancement for PUSCH transmission
	Agreement 
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· Option 3 (2 bits): 1-bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1-bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.



For single DCI based MTRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported to indicate separate PTRS-DMRS port association of PUSCH repetition towards both TRPs. Three options are listed to be determined. 
Regarding Option 1, a second PTRS-DMRS association field is introduced to indicate PTRS-DMRS port association on PUSCH repetition towards the second TRP, which is the most flexible option for gNB to select one strongest layer to multiplex PTRS. However, this solution increases the DCI overhead. Besides, we are not clear about the performance gain on introducing a second PTRS-DMRS field.
Similar as Option 1, Option 2 also introduces addition 2 bits for the second TRP. The additional two bits just reuse the reserved bits in antenna port field when the rank equals to 3 or 4. It seems that no additional overhead is increased in this design. However, the performance gain is not justified to adopt the involved design in Option2. From the perspective of standard conciseness and consistency, it is not a good solution.  
For Option 3, current two bits are reinterpreted with MSB for the first TRP and LSB for the second TRP, which is consistent with the approach for max rank equal to or lower than 2. Obviously, the limitation of this approach is that only subset of possible PTRS-DMRS association can be indicated considering 1bit (MSB or LSB) partial PTRS-DMRS association cases for rank 3 and 4 covered by 1 MSB or LSB bit.  But for the case with ranks larger than 2, the SINR difference of different DMRS ports are expected to be small and the SINR of any subset of DMRS ports would be good enough to have accurate phase estimate. 
Option 3 is preferred for PTRS-DMRS association indication when max rank is larger than 2 to keep a unified design for all ranks.
[bookmark: _Hlk66787399]Beam granularity and beam pattern
	Agreement 
Confirm the following 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) 




Similar as the reasoning elaborated in PUCCH enhancement, to acquire beam diversity in MTRP scenario, cyclical beam mapping is mandatory when PUSCH repetition number is 2 regardless the configured beam mapping pattern.
Cyclical beam mapping is mandatory when PUSCH repetition number is 2.
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 switching is based on nominal repetition occasion, while for PUSCH repetition type A, beam switching is based on slot. For a gNB serving both UE of repetition type A and UE of repetition type B simultaneously, slot-based beam switching for repetition type B may be friendly for gNB to arrange receiving beam accordingly. For the purpose of implementation and analog beam coordination in cases that gNB schedules multiple UEs of different types, slot-level beam switching can be supported. 
Slot-level beam switching is friendly to coordinate transmission of multiple UEs with various configurations in the same cell.
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 to maintain the balance between the beam diversity gain and frequency selectivity gains. 
Support beam mapping per frequency hop when inter-slot frequency hopping is configured
slot index dependent beam mapping for PUSCH repetition Type B can also be supported when inter-slot frequency hopping is configured. 
[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 beams when the number of Type A repetition is configured to 1, where the first part with length of N1 symbols is associated with the first beam, and the second part formed by the remaining symbols is associated with the second beam. In this case, DM-RS located in the second part to enable demodulation of this part is always required. It can be seen in current specification that DMRS is mapped relative to the start of each hop in case intra-slot 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 evaluate the link-level performance. Simulation assumptions/parameters can be found in Table 3 in Appendix. As shown in Figure 8, 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. 
[bookmark: _Hlk61859991]CSI report on PUSCH
	Agreement
For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition,
· For S-DCI based multi-TRP PUSCH repetition Type B, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the first (X = 1) PUSCH repetition corresponding to the second beam.
· The UE is expected to follow the above operation for multiplexing A-CSI on two PUSCH repetitions only if 
· the first actual repetition corresponding to the first beam and the first actual repetition corresponding to the second beam does not have the same number of symbols, and 
· UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· The content for the two A-CSI should be the same
· Note: RAN1 has the assumption on CSI timelines are followed as rel-15/16, including UE shall expect the timeline for the first A-CSI meets Z and Z’ requirement
· FFS: For s-DCI based multi-TRP PUSCH repetition Type A and B, support multiplexing of A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation).




For A-CSI scheduling on PUSCH without TB, A-CSI can be transmitted on PUSCH repetitions towards both TRPs to combat the blockage. When MTRP PUSCH is scheduled with A-CSI only, for PUSCH repetition type A, A-CSI can be transmitted on the first two slots with different beams, while for PUSCH repetition type B, A-CSI can be transmitted on two nominal repetitions with different beams, and the first and second nominal repetitions shall be the same as the first and second actual repetitions, respectively. However, it seems too restricted for gNB to schedule such two consecutive nominal repetitions without segmentation. So, we propose that the first nominal repetition is not expected to be split as stated in current specification and UE can select the Xth nominal repetition to the second beam which is same as actual repetition.
A-CSI report scheduled without TB can be enhanced to be multiplexed on PUSCH repetitions with different beams.  
[bookmark: _Hlk69913963]Configured Grant based PUSCH repetition
	Agreement 
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.




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 multiple TRPs is required.
[bookmark: _Hlk69913997][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Current specification states that power control parameters applied for CG retransmission are from CG configuration. Regarding a representative case shown in Figure 9 a), 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. Another example is shown in Figure 9 b), in which CG is configured with one set of parameters to transmit towards one TRP, while retransmission of CG is scheduled to both TRPs. The only set of power control parameter cannot be applied to PUSCH repetitions towards both TRPs obviously. Hence further study on power control of CG retransmission is required for CG enhancement in MTRP scenario.


a)


b)
[bookmark: _Ref61862716]A scheduling case in MTRP scenario.

[bookmark: _Hlk61532494]Further enhance power control of CG retransmission.
At least PL-RS of the scheduled retransmission shall be indicated by the scheduling DCI instead of reusing the one configured for CG.
For type 1 or type 2 CG based MTRP PUSCH repetition, the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' are introduced in 'ConfiguredGrantConfig’. As we know, repetition number of type 2 CG is also configured by higher layer. When type 2 CG is activated by DCI format 0_0, two spatial relation infos, if applicable, configured for PUCCH resource with lowest ID can be used as default beams for CG type 2 repetition. 
Two default beams can be applied for CG type 2 when it is activated by DCI format 0_0.
Information field(s) alignment in BWP switching operation
If a bandwidth part indicator field is configured in a DCI format, the bandwidth part indicator field value indicates the active UL BWP from the configured UL BWP set, for UL transmissions as described in [4, TS 38.212]. If a bandwidth part indicator field is configured in a DCI format and indicates an UL BWP different from the active UL BWP the UE shall
for each information field in the DCI format 
if the size of the information field is smaller than the one required for the DCI format interpretation for the UL BWP that is indicated by the bandwidth part indicator, the UE prepends zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP prior to interpreting the DCI format information fields, respectively
if the size of the information field is larger than the one required for the DCI format interpretation for the UL BWP that is indicated by the bandwidth part indicator, the UE uses a number of least significant bits of the DCI format equal to the one required for the UL BWP indicated by bandwidth part indicator prior to interpreting the DCI format information fields, respectively
set the active UL BWP to the UL BWP indicated by the bandwidth part indicator in the DCI format.
In Rel-17, UL BWPs configured in UL BWP set may be configured with different operation mode. For instance, one BWP (BWP 1) may be configured with two SRS resource sets with usage set to ‘codebook’, while another BWP (BWP 2) is configured with only one SRS resource set with usage set to ‘codebook’, which means two SRI fields are required for BWP 1 to operate in MTRP mode, and one SRI field is required for BWP 2 to operate in S-TRP mode. When BWP 1 switches to BWP 2, how to select one of two SRI fields to indicate SRS resources in the only SRS resource set configured in BWP 2? When BWP 2 switches to BWP 1, how to indicate SRS resources in two SRS resource sets by using only one SRI field? So, the interpretation of DCI format when BWP switching occurs may need to be further specified.
Clarify information field interpretation when the number of information field(s) of the UL BWP indicated by BWP indicator field is different from the required number of information field(s) of current active BWP.
SRS resource set(s) configuration
	[bookmark: _Hlk71361421]Agreement RAN1 #103-e
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-16, when full power mode 2 is configured, UE may be configured with an SRS resource set containing multiple SRS resources with different number of ports used for codebook-based PUSCH transmission. It has been agreed that the number of SRS ports for PUSCH repetitions towards two TRPs shall be same in RAN1 #103-e. Such limitation shall be expanded to SRS resource sets configuration for full power transmission. For instance, if one SRS resource set is configured with a 2-port SRS resource and a 4-port SRS resource simultaneously, the other SRS resource set shall also be configured with a 2-port SRS resource and a 4-port SRS resource simultaneously.
Set of SRS port number of SRS resource(s) in two SRS resource sets are expected to be same. 
In RRC signaling [2, TS 38.331], SRS resource sets are configured per DCI format. The SRS-ResourceSet(s) applicable for PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. However, restrictions are imposed that a single SRS resource set with usage set to 'codebook' can be configured for UE configured with codebook-based and only one SRS resource set with usage set to 'nonCodebook' and non-codebook-based UL transmission in current specification [3, TS 38.214]. Based on such statement, two kinds of interpretation make sense. One is that the only one SRS resource set with usage set to 'codebook' or 'nonCodebook' is shared by both DCI format 0_1 and 0_2, while another interpretation can be that the restriction of only one SRS resource set configuration is imposed on each DCI format.    
[image: ] 
To support PUSCH repetition towards multiple TRPs, RAN1#103-e has agreed to increase the maximum number of SRS resource sets to two. Whether these two SRS resource sets can be shared by both DCI format 0_1 and DCI format 0_2 or two SRS resource sets can be configured per DCI format shall be further discussed. 
[bookmark: _Hlk70669682]Support to enhance two SRS resource sets configuration for both DCI format 0_1 and 0_2.
Applicable DCI formats
After a lot of discussion, a second SRI field, TPMI field and TPC field are introduced to indicate another set of parameters for PUSCH repetitions towards the second TRP. Whether these newly introduced fields shall always present in DCI format or can be optionally configured by higher layer need to be further discussed. With configuration of one SRS resource set with usage set to ‘codebook’ for DCI format 0_1 and two SRS resource sets for DCI format 0_2 respectively, URLLC data can be scheduled to be transmitted towards multiple TRPs by DCI format 0_2 with two SRI fields corresponding to two SRS resource sets, while the eMBB data can be scheduled towards one TRP by DCI format 0_1 with one SRI field. The scheduling flexibility can be obtained with such configuration possibility. So, we propose to support configuration of enhanced field(s) for MTRP repetition per DCI format to ensure the scheduling flexibility with lower DCI overhead.
Support configuration of the enhanced field(s) per DCI format, i.e., whether the enhanced fields are present or not is configured for DCI format 0_1 and DCI format 0_2 separately. 

Conclusions 
1. 
1.1. 
In this contribution, we have following observations and proposals:
1. To ensure the scheduling flexibility, dynamic switching the order of two TRPs for PUSCH repetitions is desired. 
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. Slot-level beam switching is friendly to coordinate transmission of multiple UEs with various configurations in the same cell.

1.    Confirm the working assumption on support of PUCCH Scheme 3.
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.
PUCCH group configured for updating spatial relation info can be utilized to link power control parameter sets to a group of PUCCH resources simultaneously. 
Support two TPC field (Option 3) in DCI formats 1_1 / 1_2 used to indicate two TPC values.
When inter-slot frequency hopping is configured with Scheme 1, frequency hopping is performed on slot level as in Rel-15 (no spec impact) (Option 3).
Cyclical beam mapping is mandatory when PUCCH repetition number is 2.
Support to dynamically switch the order of two indicated SRIs.
Two bits of the new field are required to indicate four cases (TRP0, TRP1, TRP0 and TRP1, TRP1 and TRP0). 
MAC CE can be introduced to activate the codepoints for the introduced new field to further reduce the overhead of the new field. 
In FR1, support PUSCH repetitions transmitting towards multiple TRPs sharing the same TPMI indicated by one TPMI field to reduce the DCI overhead.
Single OLPC field with bit width of 2 or 3 bits can be supported to indicate two P0 values for PUSCH repetitions toward different TRPs, respectively. 
Triggering condition of PHR should be clarified before agreeing enhancement on PHR report.
Triggering events of PHR shall be defined per TRP.
Send LS to RAN2 to ask their opinion on the following option:
Support to calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs (Option 4).  
[bookmark: _Hlk71658118]Further study PHR for serving cells in CA scenario.

An additional offset can be introduced when UE obtains a mapping from sri-PUSCH-PowerControlId in SRI-PUSCH-PowerControl between a set of values for the second SRI field, which is given by , e.g. the actual mapped sri-PUSCH-PowerControlId is equal to the value of the second SRI field plus the offset.
Define default values of each set of power control parameters when SRI field(s) is absent.
For absolute power adjustment, a second TPC field (like the existing TPC field) is mandatory in DCI formats 0_1 / 0_2 when two closed-loop power adjustment states are configured to UE.
Option 3 is preferred for PTRS-DMRS association indication when max rank is larger than 2 to keep a unified design for all ranks.
Cyclical beam mapping is mandatory when PUSCH repetition number is 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.
[bookmark: _Hlk71658228]Support beam mapping per frequency hop when inter-slot frequency hopping is configured
slot index dependent beam mapping for PUSCH repetition Type B can also be supported when inter-slot frequency hopping is configured. 
For PUSCH repetition Type A scheduled with repetition number setting to 1, beam switching of PUSCH is applied for the two hops. 
A-CSI report scheduled without TB can be enhanced to be multiplexed on PUSCH repetitions with different beams.  
For CG type1, clarification of UL PT-RS port(s) and DM-RS port(s) for CG type 1 towards multiple TRPs is required.
Further enhance power control of CG retransmission.
At least PL-RS of the scheduled retransmission shall be indicated by the scheduling DCI instead of reusing the one configured for CG.
Two default beams can be applied for CG type 2 when it is activated by DCI format 0_0.
Clarify information field interpretation when the number of information field(s) of the UL BWP indicated by BWP indicator field is different from the required number of information field(s) of current active BWP.
Set of SRS port number of SRS resource(s) in two SRS resource sets are expected to be same. 
Support to enhance two SRS resource sets configuration for both DCI format 0_1 and 0_2.
Support configuration of the enhanced field(s) per DCI format, i.e., whether the enhanced fields are present or not is configured for DCI format 0_1 and DCI format 0_2 separately. 
Appendix
[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

	Number of PUCCH bits
	16 bits

	Repetition number
	1

	Path loss between 2 TRPs
	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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