[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #104b-e	 R1-2102960
e-Meeting, April 12th – 20th, 2021

Agenda Item:	8.1.2.1
Source:	Xiaomi 
Title:                     Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH 
Document for:	Discussion and Decision

Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1], which includes the following objective:
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 




In this contribution, we discuss further on the PDCCH, PUCCH, and PUSCH transmission respectively.  
Multi-TRP based PDCCH transmission
TCI state configuration for Multi-TRP PDCCH
SFN scheme 
As for multiplexing schemes for Multi-TRP based PDCCH, it was agreed in RAN1-103e meeting that SFN scheme + Alt 1-1 should be supported [2].  Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

In Rel-16, only one TCI state is activated for each CORESET by MAC CE. While for the CORESET in Alt 1-1, in order to active more than one TCI state for each CORESET, it is necessary to enhance the TCI state indication signaling. There are two ways for the enhancement. The first way is to enhance MAC CE to activate at most two TCI states for the CORESET. And it was agreed in 8.1.2.4 by RAN1-104e meeting [3] that support MAC CE activation of two TCI states for PDCCH. The second way, if the CORESET is a UE-specific CORESET which can be configured with a common TCI state, dynamical TCI state update signaling with DCI can be used for TCI state indication.   Agreement
· Support MAC CE activation of two TCI states for PDCCH
· FFS other details

Non-SFN scheme 
In order to support Option 2+ Case 1, Alt 3 was supported as a working assumption. For Alt 3, if the two SS sets associated with a same CORESET, it needs to configure two TCI states for the CORESET. It is straight forward to reuse the agreement in last meeting to active two TCI states for the CORESET in Alt 3. In addition, the TCI state of each SS set also need to be indicated to UE. And it can also be indicated by a predefined rule, such as a mapping rule between the SS set and the TCI state ID. For example, the TCI state with lower TCI state ID will be applied to the SS set with lower SS set ID. 
Proposal 1: Support MAC CE activation of two TCI states for a CORESET with which two SS sets associated in Alt 3. 
Proposal 2: To decide the TCI state for each of two SS sets associated with a same CORESET by predefined rule.
If two different CORESETs are necessary for Alt 3, two separately MAC CEs are needed to activate the beam for these two CORESETs if reusing beam indication mechanism for CORESET in Rel-15/16. In order to save the signaling overhead and to make the synchronization between beams updating of these two CORESETs, it is better to indicate these two beams by one signaling. As for the signaling with enhancement, there are two ways to achieve. 
· 1st way: by MAC CE
· One way is to activate at most two beams and each beam for one of two CORESETs respectively. The MAC CE can indicate two CORESET IDs and two TCI states. In addition, for each TCI state, there is 1 bit to indicate the present or not. Thus with this MAC CE signaling, gNB can indicate the TCI state of one CORESET or two CORESETs dynamically.
· 2nd way: by DCI
· The other way is to reuse the beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework. It means to support Multi-TRP common beam indication by DCI. With this enhancement, one DCI codepoint can indicate one or two TCI states. And the mapping between DCI codepoint and TCI state(s) can be configured by MAC CE. With this DCI signaling, gNB can indicate the TCI state of one CORESET or two CORESETs more dynamically.     
Proposal 3: To design one signaling for TCI state indication of two CORESETs for Multi-TRP PDCCH with Alt 3. 
Default TCI state for PDSCH/AP CSI-RS 
With Alt 1-1, One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET. The CORESET should be configured with two TCI states with each TCI state associated to each TRP respectively. As well as Alt 3, if two SS sets associated with a same CORESET, the CORESET also should be configured with two TCI states and each SS set will be configured with one of two TCI states. For these two cases, it is better to configure a special CORESETPoolIndex for such CORESET, since it is associated with two TRPs, which is different from the CORESET in Rel-16 whose CORESETPoolIndex value is 0 or 1. With a special CORESETPoolIndex, it can indicate the UE implicitly that the CORESET can be configured with two TCI states at most. And it will provide convenience when deciding default TCI states and implicit beam failure detection RS. 
Proposal 4: To define a new value of CORESETPoolIndex for CORESET with two TCI states.
As for the default TCI state, refer to 38.214 [4], following scenarios should be considered:
· Scenario-1: For DCI format not having the TCI field
· Scenario-2: For PDSCH scheduling offset less than the threshold timeDurationForQCL 
· Scenario-3: For AP CSI-RS scheduling offset less than the threshold beamSwitchTiming / beamSwitchTiming-r16
For scenario 1, In Rel-15/16, 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. If the CORESET used for the PDCCH transmission is configured with two TCI states, how to decide the default TCI state for scenario 1?  The number of default TCI state may depend on the PDSCH transmission scheme of the UE. If HST-SFN PDSCH transmission scheme 1, Rel-16 MTRP PDSCH transmission scheme 1a/2a/2b is configured to UE, two default TCI states of the CORESET can be applied as default TCI states. If Rel-16 MTRP PDSCH transmission scheme 3/4 is configured to UE, it needs to discuss on one or two default TCI states will be applied for TDM repetitions. While for single TRP PDSCH transmission, it needs to discuss on which TCI state of CORESET will be used as default TCI state.
For scenario 2, the default TCI state are defined in [4] as follows:
· In Rel-15 the default TCI state refers to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. 
· For the case of single DCI based Multi-TRP based PDSCH in Rel-16, the default beam can refer to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. 
· [bookmark: _Hlk26289978]For the case of Multi-DCI based Multi-TRP based PDSCH in Rel-16, the default beam can refer to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot. 
As for the case of applying the TCI states of CORESET with the lowest CORESET ID or the scheduled CORESET, some enhancements are also needed if some CORESET is configured with two TCI states. It also depends on the PDSCH transmission scheme for UE when considering the number of default TCI states. For the case of only one default TCI state can be supported, there are some alternatives to define the TCI state. 
· Alt.1: Refer to our proposal 1, to define a new value of CORESETPoolIndex for CORESET with two TCI states. And then reuse the mechanism of default TCI state per CORESETPoolIndex. In this case, it can avoid the impact to the default TCI state of PDSCH scheduled by CORESET with one TCI state. While for the default TCI state of PDSCH scheduled by CORESET with two TCI states, predefined one TCI state or both two TCI states will be applied according to the PDSCH transmission scheme. 
· Alt.2: gNB ensures the lowest CORESET ID in the latest slot only configured with one TCI state by implementation.
· This will introduce some restriction on the SS set configuration. Which means that the SS set associated to the CORESET with a lower CORESET ID will be configured with shorter period.
· Alt.3: Modify the definition of the lowest CORESET ID in the latest slot, e.g. the lowest CORESET ID among the CORESETs associated with one TCI state in the latest slot. 
· Alt.4: QCL assumption associated with one of TCI states, e.g. always selects the first or the second TCI state.
· Alt.5: Select one activated TCI state of PDSCH with the lowest ID.
· Alt.6: Select TCI state corresponding to the lowest codepoint among the TCI codepoints containing one TCI state.
· Alt.7: Select one TCI state associated with a SS set with lowest SS set ID.
· Only for Multi-TRP PDCCH transmission scheme Alt 3.
Proposal 5: The number of default TCI state can be defined according to the PDSCH transmission scheme when scheduled by a CORESET with two TCI states.
Proposal 6: To decide one default TCI state for PDSCH scheduled by a CORESET with two TCI states at least for single-TRP PDSCH transmission. 
BFR for CORESET with two TCI states 
Cell specific BFR  
While for BFD RS for cell specific BFR in Rel-15/16, when deciding beam failure or not, the radio link quality of each RS will be compared with Qout. If there is a CORESET with two TCI state, it means PDCCH will be transmitted with two TCI states, thus it is reasonable to obtain the radio link quality of the RS(s) by two TCI states. 
Proposal 7: BFD RS should consider the CORESETs with two TCI states at least for cell specific BFR.
From our point of view, as for BFD RS(s) configuration for CORESET with two TCI states, two alternatives can be supported for explicitly configuration by gNB.
· Alt 1: Configure one RS with two TCI states.
· The radio link quality can be obtained by receiving the RS with two TCI states.
· Alt 2: Configure two linked RSs 
· The radio link quality can be obtained by the radio link quality of these two linked RSs, and radio link quality of each RS can be measured by corresponding TCI state. 
While if there is no explicitly BFD RS set configuration, UE can determine the implicit BFD RS set. Thus two RSs indicated by two TCI states will be used to obtain the radio link quality.
Proposal 8: For cell specific BFD with explicitly configuration, either one RS with two TCI states or two linked RSs can be supported to obtain the radio link quality of CORESET with two TCI states.
Proposal 9: For cell specific BFD with implicitly configuration, two RSs indicated by two TCI states will be used to obtain the radio link quality of CORESET with two TCI states.
Since the radio link quality of BFD RS(s) with two TCI states are considered, it is straight forward to consider the L1-RSRP of NBI RS(s) considering with two TCI states. As same as configuration of BFD RS(s), both one NBI RS with two TCI states and two linked RSs can be supported. And it depends on gNB’s configuration. And if the L1-RSRP of two linked RSs are higher than Qin, UE can report two RS indexes as new beam ID.  
Proposal 10: For cell specific NBI RS, either one RS with two TCI states or two linked RSs can be supported.
TRP specific BFR  
In Rel-15/16, only cell specific beam failure recovery (BFR) is configured. And the cell specific RS set for beam failure detection (BFD) can be configured explicitly or implicitly. While in Rel-17, it was discussed in 8.1.2.3 that BFR per TRP will be configured to UE. If there is a CORESET with two TCI states, how to decide the BFD RS set implicitly according to such CORESET? It is straight forward to decide it based on the CORESETPoolIndex. So in Proposal 4, we propose to define a new value of CORESETPoolIndex for CORESET with two TCI states. Since in Rel-16, with CORESETPoolIndex as ‘0’ or ‘1’, each CORESET was configured with only one TCI state. If setting the CORESETPoolIndex of CORESET with two TCI states as ‘0’ or ‘1’, it is confused that whether RS(s) of one or two TCI states will be taken as BFD RS(s) of the corresponding CORESETPoolIndex. It is not reasonable to include RSs of two TCI states into the BFD RS set for only one TRP. If a new value of CORESETPoolIndex is configured for CORESET with two TCI states, the RS refer to one TCI state will be included into the BFD RS set for CORESETPoolIndex ‘0’ and the other one will be included into the BFD RS set for CORESETPoolIndex ‘1’.
Proposal 11: BFD RS may consider the CORESET with two TCI states for TRP specific BFR. 
Proposal 12: For TRP specific BFD, the two TCI states of one CORESET can be divided into two implicit BFD RS sets, each implicit BFD RS set associated with one TRP.
Non-SFN scheme 
For Non-SFN scheme, there are some agreements in RAN1-104e meeting.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).

Decoding assumption 
As for the number of blind decodings corresponding to two PDCCH candidates that are linked for PDCCH repetition, there are some options listed in the agreement of RAN1-104e meeting. From our point of view, Option 1 is slightly preferred. And we also think that a value between 1 and 2 should be added to the candidate values. Since only soft combining may be assumed at UE side.  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

Proposal 13: Option 1 is slightly preferred for the number of BDs. And support a value between 1 and 2.
PUCCH resource determination
For PUCCH resource determination, there are two options listed in agreement of RAN1-104e meeting. 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.

Consider two options listed in agreement, we prefer Option1, starting CCE index and number of CCEs in the CORESET with the lowest CORESET ID is applied. Since the PUCCH resource is determined by staring CCE index and the number of CCEs, which are the parameters of CORESET and there is no relation to the SS set. Thus if Multi-TRP transmit PDCCH by different CORESET, the CORESET with the lowest CORESET ID should be applied for PUCCH resource. If same CORESET is used, there is no such problem, so there is no use case of Option 2.
Proposal 14: Prefer Option 1 to determine PUCCH resource by parameters of the CORESET with the lowest CORESET ID.
While for the spatial setting of the PUCCH resource, if PUCCH-SpatialRelationInfo is not provided, the default spatial setting will be applied for PUCCH transmission. And the default spatial setting is same as a spatial setting for PDCCH receptions by the UE in the CORESET with the lowest ID on the active DL BWP of the PCell. If the CORESET with the lowest ID is configured with two TCI states, how to define the default spatial setting for PUCCH transmission? 
There are some alternatives to solve these problem. 
· Alterative 1 is to restrict the number of the TCI state of the CORESET with the lowest ID is up to 1. But there will introduce some restriction and reduce flexibility on CORESET configuration. 
· Alternative 2 is to provide a mechanism to decide the default spatial setting for PUCCH transmission when the CORESET with the lowest ID is configured with two TCI states. For PUCCH transmission with single occasion, only one TCI state with some predefined rule can be applied, such as the TCI state with lower TCI state ID, or the TCI state with the lower SS set ID among the SS sets associated with the CORESET. For PUCCH transmission over multiple occasions, it is possible to apply two TCI states with sequenticalmapping or cyclicmapping.
· Alternative 3 is to define the default spatial setting according to the CORESET for transmitting the PDCCH scheduling the PDSCH or SPS PDSCH release. And the default spatial setting can be same as the CORESET.
· Alternative 4 is to define the spatial setting according to the TCI state(s) in the DCI scheduling the PDSCH or SPS PDSCH release.
· Alternative 5 is to define the spatial setting according to the TCI state(s) in the DCI for joint TCI state indication or separate UL TCI state indication.
Proposal 15: Suggest to study the spatial setting for the PUCCH resource without PUCCH-SpatialRelationInfo.
Intra-slot and inter-slot
Intra-slot Multi-TRP based PDCCH transmission should be supported at least. While for inter-slot, there are many problems listed during the discussion in last meeting. First, it is the value of slot offset for PDSCH/PUSCH transmission. With Option 2, the value of slot offset in each PDCCH transmission should be same since “each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload”. In fact, this problem can be solved by deciding it according to the first PDCCH transmission or the last PDCCH transmission. The second problem is the buffer size at UE side. If combined decoding should be applied, UE need to buffer PDCCH candidates of all slots. Which will introduce the complexity at UE side. The third problem is the time domain resource for PDSCH/PUSCH, take PDSCH as an example, whether the PDSCH is transmitted after one PDCCH transmission or after all PDCCH transmissions. If after one PDCCH transmission, UE’s buffer size need to be increased. If after all PDCCH transmission, long latency will be resulted in. Indeed, the latency can be solved by larger SCS.
Since it was agreed that “Maximum number of linked PDCCH candidates is two”, it means that the maximum repetition number of inter-slot Multi-TRP PDCCH transmission is two. Thus the listed problem above will be negligible.
Proposal 16: Support both intra-slot and inter-slot Multi-TRP PDCCH transmission with two as the maximum repetition number.
Linking between SS sets
It was agreed in RAN1-104e meeting that support linking two SS sets by RRC configuration for PDCCH repetition. From our point of view, MAC CE should be supported additionally to reduce the latency. For example, multiple pairs of SS sets can be configured by RRC signaling, and MAC CE will be used to activate/deactivate each pair. In this case, dynamical switching between Multi-TRP PDCCH transmission and single TRP PDCCH transmission can be achieved according to the PDCCH signaling overhead and the channel condition. 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

Proposal 17: Support MAC CE to activate/deactivate each linked SS set pair to achieve dynamical switching between Multi-TRP PDCCH transmission and single TRP PDCCH transmission.

Multi-TRP based PUSCH transmission 
In this section, we provide our views on issues of PUSCH transmissions using multi-TRP/multi-panel framework.

Indication of SRIs and dynamic switching between single-TRP and multi-TRP based transmissions
In RAN1#104-e, the following has been agreed on SRI/UL beam indication for codebook and non-codebook based transmission targeting multiple TRPs in [3]:
	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

Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further.

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




In Rel-15/16, the spatial relation of a PUSCH transmission is the spatial relation of the SRS resource for codebook based transmission or the SRS resource(s) of the SRS resource set for non-codebook based transmission indicated by SRI in the scheduling DCI. For multi-TRP based PUSCH transmission with repetitions in Rel-17, multiple spatial relations have to be indicated for different transmission occasions by DCI. The spatial relations can be obtained from the beams selected for PUSCH targeting coordinated TRPs. 
It has been agreed that dynamic switching is beneficial to support the dynamic switching between single-TRP and multi-TRP based transmissions.

To support this, several approaches have been proposed in the previous meetings:
1. Support the dynamic switching with a same DCI;
2. Support the dynamic switching with two-step DCI or by other methods;

For the first approach, it is naturally associated with the design of the indication of SRI/TPMI in the same DCI. It has been agreed that two SRI fields are included in the UL DCI and indicate SRIs from the first SRS resource set and second SRS resource set, respectively. For codebook based PUSCH, the second SRI field is interpreted the same as the first SRI field. For non-codebook based PUSCH, the following options can be considered for the interpretation of the second SRI field:
· Option 1: same as the first SRI field as the current R15/16 framework， using the reserved codepoint to indicate the activation status of the two SRS resource sets respectively;
· Option 2: indicating only the SRI not including the indication of RI, and further facilitating the dynamic switching between single-TRP and multi-TRP operation using the reserved codepoints in the second SRI field;
The reserved codepoints can be used for the dynamic switching between sTRP and mTRP for Option 1, but many cases exist for both CB and NCB that there are no reserved codepoints. For those cases, to not support dynamic switching for such cases is not a good choice. Otherwise, more codepoints are expected with the extension of the current SRI field for these cases. Also, it is hard to support the reordering of TRPs which also needs more DCI codepoints.
Option2 may have a lower DCI overhead by 1 bit or more. If considering the support of TRP reordering which is also beneficial for the scheduling flexibility, the advantage of signalling overhead would be alleviated. And also more spec efforts are needed and a series of tables are also needed to be specified. This tends to be a complicated solution for standardization. 
Proposal 18: For the indication of the second SRI, a unified solution is preferred that the SRI field is based on Rel-15/16 framework.


Proposal 19：For cases without reserved codepoint (Lmax =1, =2 or 4 for NCB and  =2 or 4 for CB), DCI bitwidth extension should also be considered to support dynamic switching betweeen sTRP and mTRP operation.
Proposal 20: Support dynamic switching of the order of two TRPs for both CB and NCB based PUSCH transmissions by indicating via extra DCI codepoints.

Another issue is how to indicate when there is only one SRS resource within a SRS resource set, currently there is no SRI field existing for such case. For CB and NCB based transmission, SRI indication to facilitate the dynamic switching is the most convenient approach, so a SRI field is still needed for indication, SRI field exists and can be interpreted as, e.g. 1 bit to indicate the activation status of a certain TRP, “0” for deactivated, “1” for activated. In this case, one SRI field with the codepoints for the indication of dynamic switching between sTRP and mTRP as well as two separate SRI fields can all be considered, an example for the indication via one SRI field is given in Table 1.
Table 1: SRI indication for only one SRS resource in each SRS resource set
	Bit field mapped to index
	
SRI(s),   =1

	0
	TRP 1

	1
	TRP 2

	2
	TRP1, TRP2

	3
	TRP2, TRP1



Proposal 21: When there is only one SRS resource within the SRS resource set, the SRI field should be specified with either one or two SRI field(s), two SRI fields can be used to indicate the activation status of the respective TRP or SRI codepoints can be used to indicate the status of both TRPs via one SRI field.

As we can see that the current solution to achieve the dynamic switching between sTRP and mTRP operation is not clean and unified enough. So we suggest that the second approach can also be considered, and the detailed schemes can be further discussed, options to achieve this are given as follows:
· Opt.1: via MAC-CE for the indication of the activation status of both TRPs, then the payload of the scheduling DCI for PUSCH can be determined according to one SRI/TPMI/TPC field for transmission of a specific TRP or two SRI/TPMI/TPC fields for multi-TRP transmission;
· Opt.2: via Group common DCI to indicate the activation status of both TRPs;
· Opt.3: a new DCI field in the current multi-TRP based DCI as Table.1 can be specified.
Option 1&Option 2 can achieve the same goal with different methods. Option 1 can have ACK/NACK feedback which is more reliable than option 2, but has larger scheduling latency.
Option 3 may add more DCI payload to the current multi-TRP based DCI scheme, but is more straightforward and clean, and also used for indication when SRI does not exist (only one SRS resource in the SRS resource set) according to the current spec. 
Proposal 22：An independent indication via MAC-CE, or group common DCI, or a new DCI can be considered for the indication of dynamic switching between single-TRP and multi-TRP based PUSCH transmission.

Indication of TPMI 
In RAN1#104-e, the agreements has been made on TPMI/RI indication for PUSCH transmission targeting multiple TRPs in [3]:
	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.
· 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




It was agreed that for the second TPMI field only to indicate the TPMI not the RI. RI is applied same as indicated in the first TPMI field for codebook based PUSCH. At least one DCI bit can be saved in many cases. Since only the first TPMI field can provide the complete information of TPMI and RI for single-TRP based transmission, it needs to figure out which TRP it applies to, i.e. TRP 1 or TRP 2. When the SRI fields are not able to indicate dynamic switching between single-TRP and multi-TRP operation for all cases or the SRI fields do not exist, TPMI fields can be used to achieve the same purpose by interpreting more codepoints of the second TPMI field as companies suggested during last meeting. But this can only be applied to codebook based PUSCH, and also the support of dynamic switching the order of the two TRPs for multi-TRP based transmission cannot be achieved by TPMI indication. So more discussion should be taken together with of the indication of SRIs.
Proposal 23: Not support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
Proposal 24: Support the dynamic switching between single-TRP and multi-TRP operation via interpreting a few codepoints of the second TPMI field for the codebook based PUSCH transmission. But as to achieve a clean and unified solution for both CB and NCB, more discussions should be taken together with the indication of SRIs.

Power control issues
In RAN1#104-e meeting, the following has been agreed regarding the power control for PUSCH [3]:
	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.




The UL power control may be different due to the different channels towards TRPs, and different power control parameters and pathloss reference RSs can be configured per SRS resource set targeting different TRPs. For the power control issues, close loops among TRPs can be differentiated by different set of SRS resource sets. Thus the indication of TPC command can be either informed separately (Option 3) or jointly (Option 4). Option 4 support with the limited adjustment values for each TRP.
Proposal 25: For the TPC indication, option 3 is more preferred as a more unified solution for multi-TRP based 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, 
· 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.



For the extension of power control parameter set(s), alt.1 and alt.2 can all be feasible, alt.4 is more appropriate for one SRI codepoint indication, we prefer alt.2 which has less overhead than RRC configuration and more flexible for the configuration of different TRPs among a cluster of TRPs.
Proposal 26: Prefer Alt.2 for the linking of SRI fields to two power control parameter set(s).

For the indication of power boosting of open-loop power control parameters, the power boosting values should be indicated for the two TRPs respectively. The open-loop power control parameter set should be extended or reinterpreted for two cooperated TRPs, and the DCI needs to indicate two OLPC parameters for the power boosting strategy for different TRPs. 
Proposal 27: The OLPC parameter set should also be extended for two cooperated TRPs, and two DCI fields or DCI codepoints of one DCI field can be used for the indication of power boosting parameters for each TRP separately or jointly.
Proposal 28: SRI codepoints indicating the activation status of two TRPs can also be applied to TPC fields for both single-TRP and multi-TRP operations when only one SRS resource exists in SRS resource set.

For the multi-TRP based PHR reporting, we suggest that the PHR measurement values for both TRPs should be reported to the gNB in order to get a more accurate power scheduling strategy of the UE.
Proposal 29: The PHR measurement values of both TRPs should be reported to the gNB for the multi-TRP based operation.

Beam mapping to PUSCH
In RAN1#104-e meeting, the following has been agreed regarding the beam mapping issues for PUSCH [3]:
	Agreement
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




Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15,
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X]ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission

According the RAN4 reply to the LS from RAN1[5], beam switching gap is needed and can be specified for 1 or 2 symbols for the known cases. Considering the SRS antenna switching time for FR1 and FR2 is applied for switching cases both within the same panel and across two panels, same principle can be applied to PUSCH/PUCCH. 
For PUSCH repetition Type A and Type B, dropping the gap symbols between two repetitions should be performed for beam switching operation rather than delaying the repetitions due to the scheduling and latency problems, especially for URLLC service.

Proposal 30: From RAN4 reply, the switching gaps needed for different cases in FR1&FR2 are comparable to the switching gap for antenna switching, and only MPUE assumption 2 and/or 3 are feasible for multi-TRP PUSCH/PUCCH transmission, not MPUE  assumption 1.
Proposal 31: Beam switching gap should be specified in RAN1 for 1 or 2 symbols which is comparable to the SRS antenna switching gap.
Proposal 32: For PUSCH repetition, dropping is performed on the gap symbols required for beam switching either for cyclical mapping or sequential mapping according to the PUSCH repetitions.
Proposal 33: To perform the inter-repetition frequency hopping for both repetition Type A and Type B, hopping is performed among the repetitions with the same beam to ensure the frequency diversity gain.

PTRS-DMRS association enhancement
In RAN1#104-e meeting, the following has been agreed regarding the PTRS-DMRS association for PUSCH [3]:
	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.




Currently, each PTRS port is associated with one DMRS port for cases of one PTRS port and two PTRS ports. For PUSCH transmission of maxRank>2, the PTRS-DMRS association should be enhanced to indicate separately for transmission towards each TRP. To keep it simple and unified with other DCI design, a second PTRS field can be added for both one PTRS port and two PTRS port which is based on the R15/16 interpretation.
Proposal 34: A second DCI field can be added to the current PTRS-DMRS association field supporting of multi-TRP operation for maxRank>2.  The interpretation is based on the current R15/16 PTRS-DMRS association for both one PTRS port and two PTRS ports.

Support of CG PUSCH
In RAN1#104-e meeting, the following has been agreed regarding the CG PUSCH [3]:
	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




Single CG configuration is more aligned with single-DCI based PUSCH transmission, most of the enhancements can be reused. 
· For Type 1 CG PUSCH, two sets of transmission parameters are needed to be configured by RRC.
· For Type 2 CG PUSCH, two sets of transmission parameters are configured by DCI for the activation of the CG configuration.
Details are still waiting for the progress made for the dynamic PUSCH.
Proposal 35：Premature to determine the detailed enhancement for CG PUSCH of single CG configuration.

Multi-TRP based PUCCH transmission 
In this section, we provide our views on several issues of PUCCH transmissions using multi-TRP/multi-panel framework.

Transmission schemes
In RAN1#104-e meeting, the following agreement has been made on the Scheme 1 of PUCCH [3]:
	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). 




For Scheme 1, both short and long PUCCH formats are supported. For PUCCH format 0 and 2, it is also important to further enhance the coverage and reliability, this is useful when the available UL symbols are limited in a configured slot and this would provide more flexibility to the NW, but the intra-slot mechanism for short PUCCH formats is more preferred considering of latency.
As for the number of repetitions, the maximum value should be extended to 16 to maintain the same performance and also coverage for PUCCH in case one TRP is completely blocked. And this can be applied to all PUCCH formats for different deployment scenarios.
Proposal 36: The repetition number for Scheme 1 can be extended to 16.
Proposal 37: The same repetition number apply to all PUCCH formats.

In RAN1#104-e meeting, the following WA has been made on the Scheme 3 of PUCCH [3]:
	Working Assumption
For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats. 
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· 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.




Either scheme 2 or scheme3 cannot perform multi-TRP based intra-slot repetitions for all PUCCH format configurations.  Since scheme 3 has been adopted as a sub-slot lever repetition scheme, scheme 2 can also be specified as another option for intra-slot repetition scheme, especially for cases when twice of the PUCCH duration cannot be satisfied and very low latency is required. For scheme 2, the problem of beam switching gap can be discussed together with other scenarios. Currently we think there is no need to limit the PUCCH schemes to support the intra-slot repetition, how to apply the appropriate repetition scheme to a PUCCH resource is up to the gNB scheduler and the detailed method can be discussed further.
Proposal 38: Support scheme 2, but more than 2 hops are not expected.
Proposal 39: For scheme 3, only 2 repetitions within a slot are considered, the repetitions are consecutive if gap symbol(s) for beam switching does not count.

Dynamic indication of PUCCH repetition number
In RAN1#103-e meeting, the following agreement has been made on the repetition number of PUCCH indication [2]:
	Agreement
For configuration/indication of the number of PUCCH repetitions for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  
· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting.  




It is beneficial to support more dynamic indication method of the number of repetitions. Currently, the repetition number is configured on PUCCH format level and fixed to all PUCCH resources with the same PUCCH format. If both the repetition number and the repetition scheme can be configured per PUCCH resource, dynamic indication on a resource level can be achieved. Also this can be achieved by activating the suitable repetition number for the certain PUCCH resource set with the MAC-CE signaling from a set of RRC-configured candidate values.
Proposal 40: Dynamic indication can be achieved on a resource level configuration, or by activating the suitable repetition number for the certain PUCCH resource with the MAC-CE signaling from a set of RRC-configured candidate values.

Power control of PUCCH
In RAN1#104-e meeting, the following agreement has been made on PUCCH power control [3]:
	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.

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 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.




For multi-TRP based PUCCH transmission, separate close loops among TRPs can be differentiated by associating with different Spatial Relation Infos. Thus the indication of TPC commands for different TRPs can be either informed separately (Option 3) or jointly (Option 4). Obviously, option 4 has some restrictions with the supported adjustment values for each TRP and is not backward compatible for single TRP cases.
Proposal 41: Prefer option 3 for the TPC enhancement for multi-TRP based PUCCH transmission.

Beam mapping to PUCCH
In RAN1#104-e meeting, the following has been made on beam mapping onto PUCCH repetitions [3]: 
	Agreement
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

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. 




According the RAN4 reply to the LS from RAN1 [5], beam switching gap is needed and can be specified for 1 or 2 symbols for the known cases. And considering the SRS antenna switching time for FR1 and FR2 is applied for switching cases both within the same panel and across two panels, same principle can be applied to PUCCH. 
Proposal 42: For PUCCH repetition, dropping is needed to perform on the gap symbols required for beam switching either for cyclical mapping or sequential mapping mainly considering of latency requirements.
Proposal 43: For PUCCH, both intra-slot frequency hopping and inter-slot frequency hopping should be supported and performed within the same beam.

Conclusion
In this contribution, we discuss about the PDCCH and PUCCH/PUSCH transmission/reception by Multi-TRP. Based on above discusses, we provide the following proposals.
PDCCH：
Proposal 1: Support MAC CE activation of two TCI states for a CORESET with which two SS sets associated in Alt 3. 
Proposal 2: To decide the TCI state for each of two SS sets associated with a same CORESET by predefined rule.
Proposal 3: To design one signaling for TCI state indication of two CORESETs for Multi-TRP PDCCH with Alt 3. 
Proposal 4: To define a new value of CORESETPoolIndex for CORESET with two TCI states.
Proposal 5: The number of default TCI state can be defined according to the PDSCH transmission scheme when scheduled by a CORESET with two TCI states.
Proposal 6: To decide one default TCI state for PDSCH scheduled by a CORESET with two TCI states at least for single-TRP PDSCH transmission. 
Proposal 7: BFD RS should consider the CORESETs with two TCI states at least for cell specific BFR.
Proposal 8: For cell specific BFD with explicitly configuration, either one RS with two TCI states or two linked RSs can be supported to obtain the radio link quality of CORESET with two TCI states.
Proposal 9: For cell specific BFD with implicitly configuration, two RSs indicated by two TCI states will be used to obtain the radio link quality of CORESET with two TCI states.
Proposal 10: For cell specific NBI RS, either one RS with two TCI states or two linked RSs can be supported.
Proposal 11: BFD RS may consider the CORESET with two TCI states for TRP specific BFR. 
Proposal 12: For TRP specific BFD, the two TCI states of one CORESET can be divided into two implicit BFD RS sets, each implicit BFD RS set associated with one TRP.
Proposal 13: Option 1 is slightly preferred for the number of BDs. And support a value between 1 and 2.
Proposal 14: Prefer Option 1 to determine PUCCH resource by parameters of the CORESET with the lowest CORESET ID.
Proposal 15: Suggest to study the spatial setting for the PUCCH resource without PUCCH-SpatialRelationInfo.
Proposal 16: Support both intra-slot and inter-slot Multi-TRP PDCCH transmission with two as the maximum repetition number.
Proposal 17: Support MAC CE to activate/deactivate each linked SS set pair to achieve dynamical switching between Multi-TRP PDCCH transmission and single TRP PDCCH transmission.

PUSCH:
SRI&TPMI&dynamic switching related issues:
Proposal 18: For the indication of the second SRI, a unified solution is preferred that the SRI field is based on Rel-15/16 framework.


Proposal 19：For cases without reserved codepoint (Lmax =1, =2 or 4 for NCB and  =2 or 4 for CB), DCI bitwidth extension should also be considered to support dynamic switching betweeen sTRP and mTRP operation.
Proposal 20: Support dynamic switching of the order of two TRPs for both CB and NCB based PUSCH transmissions by indicating via extra DCI codepoints.
Proposal 21: When there is only one SRS resource within the SRS resource set, the SRI field should be specified with either one or two SRI field(s), two SRI fields can be used to indicate the activation status of the respective TRP or SRI codepoints can be used to indicate the status of both TRPs via one SRI field.
Proposal 22：An independent indication via MAC-CE, or group common DCI, or a new DCI can be considered for the indication of dynamic switching between single-TRP and multi-TRP based PUSCH transmission.
Proposal 23: Not support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
Proposal 24: Support the dynamic switching between single-TRP and multi-TRP operation via interpreting a few codepoints of the second TPMI field for the codebook based PUSCH transmission. But as to achieve a clean and unified solution for both CB and NCB, more discussions should be taken together with the indication of SRIs.

Power control issues:
Proposal 25: For the TPC indication, option 3 is more preferred as a more unified solution for multi-TRP based PUSCH transmission. 
Proposal 26: Prefer Alt.2 for the linking of SRI fields to two power control parameter set(s).
Proposal 27: The OLPC parameter set should also be extended for two cooperated TRPs, and two DCI fields or DCI codepoints of one DCI field can be used for the indication of power boosting parameters for each TRP separately or jointly.
Proposal 28: SRI codepoints indicating the activation status of two TRPs can also be applied to TPC fields for both single-TRP and multi-TRP operations when only one SRS resource exists in SRS resource set.
Proposal 29: The PHR measurement values of both TRPs should be reported to the gNB for the multi-TRP based operation.

Beam mapping issues:
Proposal 30: From RAN4 reply, the switching gaps needed for different cases in FR1&FR2 are comparable to the switching gap for antenna switching, and only MPUE assumption 2 and/or 3 are feasible for multi-TRP PUSCH/PUCCH transmission, not MPUE  assumption 1.
Proposal 31: Beam switching gap should be specified in RAN1 for 1 or 2 symbols which is comparable to the SRS antenna switching gap.
Proposal 32: For PUSCH repetition, dropping is performed on the gap symbols required for beam switching either for cyclical mapping or sequential mapping according to the PUSCH repetitions.
Proposal 33: To perform the inter-repetition frequency hopping for both repetition Type A and Type B, hopping is performed among the repetitions with the same beam to ensure the frequency diversity gain.

PTRS related issue:
Proposal 34: A second DCI field can be added to the current PTRS-DMRS association field supporting of multi-TRP operation for maxRank>2.  The interpretation is based on the current R15/16 PTRS-DMRS association for both one PTRS port and two PTRS ports.

CG PUSCH related issue:
Proposal 35：Premature to determine the detailed enhancement for CG PUSCH of single CG configuration.

PUCCH:
Proposal 36: The repetition number for Scheme 1 can be extended to 16.
Proposal 37: The same repetition number apply to all PUCCH formats.
Proposal 38: Support scheme 2, but more than 2 hops are not expected.
Proposal 39: For scheme 3, only 2 repetitions within a slot are considered, the repetitions are consecutive if gap symbol(s) for beam switching does not count.
Proposal 40: Dynamic indication can be achieved on a resource level configuration, or by activating the suitable repetition number for the certain PUCCH resource with the MAC-CE signaling from a set of RRC-configured candidate values.
Proposal 41: Prefer option 3 for the TPC enhancement for multi-TRP based PUCCH transmission.
Proposal 42: For PUCCH repetition, dropping is needed to perform on the gap symbols required for beam switching either for cyclical mapping or sequential mapping mainly considering of latency requirements.
Proposal 43: For PUCCH, both intra-slot frequency hopping and inter-slot frequency hopping should be supported and performed within the same beam.
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