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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
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. 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 MAC CE and DCI can be used for TCI state indication.   
Proposal 1: Enhance MAC CE to activate one or two TCI states, or use DCI for common beam indication to indicate one or two TCI states for each CORESET. 
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. 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. 
Proposal 2: To define a new value of CORESETPoolIndex for CORESET with two TCI states.
[bookmark: _Hlk26289978]As for the default beam, In Rel-15 it 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. 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. 
While for the case of CORESET with two TCI states, the number of the default beam(s) can also be one or two. It can be the TCI states of this CORESET.  Or it can be the TCI state(s) respect to the lowest controlResourceSetId in the latest slot with same CORESETPoolIndex or not. If the CORESETPoolIndex of this CORESET is value 0, the default beam is the beam associated with the first TRP. If the CORESETPoolIndex of this CORESET is value 1, the default beam is the beam associated with the second TRP. If the CORESETPoolIndex of this CORESET is value 0 & 1 or a value other than 0&1, the default beams contains the beams associated with both the first TRP and the second TRP. In addition, if the beam of this CORESET is indicated by DCI, the default beam can be the beam(s) with the lowest DCI codepoint.
Proposal 3: The default beam depends on the value of CORESETPoolIndex and / or the beam indication signaling for the CORESET with two TCI states.
As for BFD resource, it can be discussed in the section of beam management for Multi-TRP. If per TRP BFD-RS set is configured explicitly, there is no problem. Else, it is necessary to define the UE behavior when deciding per TRP BFD-RS set by taking the two TCI states of such CORESET into account. The detail can be found in [4].
Non-SFN scheme 
For Non-SFN scheme, there are some agreements in RAN1-103e meeting [2].Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x
Working Assumption
· For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

Beam indication for two CORESETs
In order to support Option 2+ Case 1, Alt 3 was supported as a working assumption. Since two 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 4: To design one signaling for beam indication of two CORESETs for Multi-TRP PDCCH. 
Decoding assumption Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).

As for the decoding on the PDCCH candidate, individual decoding has benefit if the performance on one PDCCH candidate is much bad, e.g., blockage or did not transmitted by gNB. Else, combined decoding can provide much better performance.  From our point of view, combined decoding is much more preferred if DCI are transmitted on two PDCCH candidates. Since combined decoding could provide higher successful probability with only one blind decoding time.    
Proposal 5: Assumption 1 is supported for Multi-TRP PDCCH transmission.
In order to make sure the alignment between gNB and UE on DCI transmission by two PDCCH candidates, dynamical switching between single-TRP PDCCH and Multi-TRP PDCCH should be supported. There are two solutions to realize the dynamical switching.
· Solution #1: The beams of two CORESETs can be indicated by DCI noted above.
If only the beam of one CORESET is indicated, only individual decoding on the corresponding PDCCH candidate is necessary. If the beams of two CORESETs are indicated, only combined decoding is necessary. In one word, the number of blind decoding on linked PDCCH candidates is one. And here linked PDCCH candidates are used for Multi-TRP PDCCH repetition.
· Solution #2: PDCCH candidates for single TRP and for Multi-TRP are differentiated per SS set or per PDCCH candidate sets.
Per SS set means that all PDCCH candidates in one SS set are used for single TRP PDCCH, or all PDCCH candidates in one SS set are used for Multi-TRP PDCCH. gNB can switch between single TRP PDCCH transmission and Multi-TRP PDCCH transmission by using different SS set. Per PDCCH candidate sets means that some PDCCH candidates in SS set#1 are used for single TRP PDCCH, and other PDCCH candidates in SS set#1 are used for Multi-TRP PDCCH. gNB can switch between single TRP PDCCH transmission and Multi-TRP PDCCH transmission by using different PDCCH candidates.
Proposal 6: Support to differentiate single TRP PDCCH transmission and Multi-TRP PDCCH transmission dynamically.
In addition, above two solutions are mainly focus on intra-slot Multi-TRP PDCCH transmission. While for inter-slot Multi-TRP PDCCH transmission, since it was agreed that “Maximum number of linked PDCCH candidates is two”, it is better to apply Assumption 4.
Proposal 7: For inter-slot Multi-TRP PDCCH transmission, Assumption 4 for decoding is much better. 
PUCCH resource determination
For PUCCH resource determination, there are three alternatives listed in agreement of RAN1-103e meeting [2]. Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.

Consider three alternatives listed in agreement, we slightly prefer Alt 2, starting CCE index and number of CCEs in the CORESETs of one of the linked PDCCH candidates is applied. Since Alt 1 will introduce some limitation and restriction on CORESETs, and two CORESETs with same frequency resource may reduce the performance gain in frequency domain. While with Alt 3, it is possible to increase the probability of PUCCH collision since different UE may determine the same PUCCH resource based on UE implementation. With Alt 2, as for which one CORESET of the linked PDCCH candidates is used, there are some options.
· Option 1: depends on the parameters of each CORESET
· The parameters can be the CORESET index, CORESETPoolIndex, starting CCE index, or the number of CCEs.
· Option 2: depends on the parameters of each PUCCH resource determined by each CORESET.
· Before select the PUCCH resource, two PUCCH resources according to each CORESET of two CORESETs should be determined. Then select one based on the parameters of each PUCCH resource. The parameters can be the PUCCH format, such as the number of symbols and the supported number of bits. 
Proposal 8: Prefer Alt 2 to determine PUCCH resource by parameters of one CORESET or by parameters of each PUCCH resource determined by each CORESET.

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 9: Support both intra-slot and inter-slot Multi-TRP PDCCH transmission with two as the maximum repetition number.

Multi-TRP based PUSCH transmission 
In this section, we provide our views on several issues of PUSCH transmissions using multi-TRP/multi-panel framework.
Maximum number of transmission layers 
In RAN1#102-e meeting, the following has been agreed regarding the transmission scheme for PUSCH [3]:
	Agreement 
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme




In Rel-16, PUSCH repetition type A and type B were introduced for different requirements of latency and reliability of different traffic types. For PUSCH repetition type A, repetitions are transmitted in consecutive slots with same resource allocation in each slot. For PUSCH repetition type B, the transmission supports repetitions across slot boundaries, a nominal repetition may be split into multiple actual repetitions due to slot boundary, semi-static DL symbols or other invalid symbols.  PUSCH repetition type B is mainly optimized for latency targeting the demanding requirement of URLLC traffic.
For multi-TRP based PUSCH transmission, considering the low transmit power of the UE and the limited implementation capability, it is more feasible and practical to enhance the multi-TRP based transmission first based on the current TDMed repetition schemes already supported in Rel-16.
For single DCI based PUSCH transmission, ideal backhaul between two TRPs is assumed, so joint MIMO reception can be achieved.
Rel-16 PUSCH repetition type A is limited to single layer transmission same as the slot aggregation transmission specified in Rel-15. Similarly, the transmission layers per transmission occasion/TRP for PDSCH transmission scheme 4 is limited to 2 layers. Considering the UE capability and transmit power issues, the transmission layers for PUSCH repetition schemes should be no more than 2 per transmission occasion per panel. Also the restrictions for Type A is too strict, and may not be aligned with type B, and further relaxation  can be considered to achieve a better transmission efficiency and lower latency when at least one TRP-UE link is in a good channel condition.
Proposal 10: For multi-TRP based PUSCH, the maximum number of transmission layers is up to 2 per transmission occasion or per panel.
Proposal 11: For multi-TRP based PUSCH, consider to re-specify up to 2-layer transmission for PUSCH repetition Type A.

The maximum number of repetitions &TDRA indication 
The repetition number K for PUSCH repetition Type A and Type B can all be dynamically indicated with the TDRA. The maximum number of repetitions is 16 which is the same as that for Rel-16 URLLC PDSCH transmission scheme 4 which is on a slot-based level. For multi-TRP deployment, the effective number of repetitions would decrease sharply if one of the TRP-UE link is in blockage or deep fading scenarios, thus it would be hard to maintain the demanding performance requirements for URLLC traffic. So we suggest to increase the number of repetitions to up to 32 especially for those non-latency sensitive services, whether the size of the TDRA table would be increased accordingly should also be considered. 
Proposal 12: For multi-TRP based PUSCH, consider to increase the maximum number of repetitions to 32 especially in FR2.

TBS determination 
The TBS derived from TDRA of the first nominal repetition is applied to all the repetitions for PUSCH repetition type A and type B. This legacy rule for TBS determination can be reused for multi-TRP PUSCH.
Proposal 13: The TBS determination rule for PUSCH repetition Type A and Type B defined in Rel-16 can be reused.

Codebook based and Non-codebook based PUSCH transmission 
The codebook/non-codebook based PUSCH transmissions in Rel-15/16 are all suitable for transmission targeting one single TRP. For codebook based PUSCH transmission, one spatial relation can be obtained and indicated by SRI. For non-codebook based PUSCH transmission, the transmission based on a precoder derived from a single NZP CSI-RS associated with the SRS resource set which usage is “non-codebook” is targeting single TRP. The spatial relation is associated with the SRS resource set configured with usage of “codebook”. When a single DCI schedules all the repetitions, all the repetitions are targeting the same TRP for PUSCH repetition A and B in Rel16. To enhance the transmission with beam diversity in Rel-17, two sets of parameters (SRI, TPMI/RI, power control, etc.) need to be considered to flexibly support both codebook/non-codebook based transmission targeting multiple TRPs.

· Codebook based PUSCH transmission

In RAN1#103-e meeting, the following has been agreed regarding the transmission scheme for PUSCH [2]:
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)




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 each transmission occasion by DCI. The spatial relations may be obtained from the beams selected for PUSCH targeting coordinated TRPs. Two SRIs refer to two SRS resources in the two SRS resource sets targeting two TRPs. The indication of SRS resources within the selected SRS resource sets can follow the current approach for the codebook based PUSCH transmission. Two TPMIs are also needed for the indication of the precoders targeting two TRPs. For the SRS resource set configuration, the maximum number of 2 SRS resources within a SRS resource set can be reused in multi-TRP scenarios.
Proposal 14: For CB based PUSCH, enhancements are suggested as below:
1) Extend the SRI field to indicate the SRIs targeting each TRP; 
2) Two TPMI/RI fields to indicate two precoders associated with spatial relation filters separately;
3) no extension is needed for the number of SRS resources configured within a SRS resource set;

· Non-Codebook based PUSCH transmission
In RAN1#103-e meeting, the following has been agreed regarding the transmission scheme for PUSCH [2]:
	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 




For non-codebook based transmission, two SRIs refer to different SRS resources sets targeting two TRPs.  
The indication of SRS resources within the selected SRS resource sets can follow the current approach for the non-codebook based PUSCH transmission.
Proposal 15: For NCB based PUSCH with multi-TRP, enhancements are suggested as below:
1) Extend the SRI field to indicate the spatial relations of SRS subsets;
2) Maximum number of SRS resources within a resource set maintains 4;

· Power control for both NCB&CB based transmission
In RAN1#103-e meeting, the following has been agreed regarding the power control for PUSCH [2]:
	Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  
· Option.1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
· FFS: Transition period for beam / power / frequency change.




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). Obviously, option 4 has some restrictions with the supported adjustment values for each TRP and is not backward compatible for single TRP cases.
Proposal 16: For the TPC indication, option 3 is more preferred. 

Mapping between repetitions and beams
In RAN1#103-e meeting, the following has been agreed regarding the transmission scheme for PUSCH [2]:
	Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
· Companies are encouraged to provide further simulation results to decide details.   

Agreement
For single DCI based M-TRP PUSCH repetition Type B, at least nominal repetitions are used to map beams 
· Further study details and applicability of each mapping method
· Further study the slot based beam mapping in the cases of nominal repetition across slot boundaries




According the mapping schemes between the beams and the PUSCH repetitions, multiple alternatives have been given considering both the beam switching frequency and the diversity gain. The options for beam mapping pattern are alt.1) cyclical mapping, alt.2) sequential mapping, alt.3) half-half mapping etc. The options for the repetition type can be alt.1) nominal repetitions, alt.2) actual repetitions, alt.3) slot-based, etc. The actual mapping scheme would be determined by both the beam mapping pattern and the repetition type and can be configured by the gNB, details in section 3.6.
Mapping scheme and Dropping rule for repetition Type A
For repetition type A, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot. The RV values are applied to the transmission occasion of the TB including the omitted ones. For multi-TRP cases, whether the beams mapped onto the repetitions should be performed before or after the dropping of transmission occasion also need to be reconsidered. The transmission occasion would be dropped if encounters invalid symbols. So, the difference is shown in Fig.1 and Fig.2. In Fig.2, when cyclical mapping is applied to nominal repetitions, the transmission has become single TRP based transmission which is not the intention, otherwise proper mapping patterns (sequential mapping) should be selected by the network.
[image: ]

Fig.1 TCI to PUSCH mapping before /after the dropping of TO for repetition type A

[image: ]
Fig.2 TCI to PUSCH mapping before/after the dropping of TO for repetition type A

Proposal 17: For multi-TRP PUSCH repetition type A, the scheme of beams mapping onto repetitions should consider the dropping of invalid transmission occasions. 
Proposal 18: For repetition type A, beams targeting different TRPs are applied to the actual transmission occasions of the TB (with the counting not including the omitted ones) as well as nominal repetitions, which can be configurable.

Mapping scheme and Dropping rule for repetition Type B
For repetition type B, one nominal repetition may be split into multiple actual repetitions when encountering the slot boundaries, the semi-static DL symbol(s) or the configured invalid symbol(s). Beams mapping to nominal repetitions/actual repetitions/slot may lead to different performance when performing with the same beam mapping pattern of alt.1-alt.4. So configurable mapping schemes could also be beneficial, details in section 3.6.
In Rel-16 URLLC WI, the issue of orphan symbol has been discussed. It has been specified that when the time span of an actual repetition is only one symbol, the orphan symbol would be dropped for transmission. Another case that may also lead to orphan symbols is that when the actual coding rate is too high for a successful decoding, e.g. coding rate R>0.94, this is because the TBS determination is based on the indicated symbols of the nominal repetition before segmentation, while channel coding process is based on the actual repetitions. 
For repetition type B, the beams mapping to repetitions should also consider the transmission rule of the orphan symbol(s). With the orphan symbols being dropped, the beam mapping pattern may not be optimized enough. With the dropping of the orphan symbols, the transmission gap between the adjacent DMRS symbols targeting the same TRP may become too large within a slot in multi-TRP scenarios which would degrade the channel estimation performance. Also it is a kind of waste to only drop the orphan symbols while the resources for uplink transmission is quite limited. So we suggest to still transmit the DMRS of the orphan symbols with the beam allocated for the original repetition to enhance the channel estimation performance functioned as additional DMRS for a certain beam.
Proposal 19: The beams mapping to repetitions need to consider how to deal with the orphan symbol(s) for repetition Type B.
Proposal 20: Transmitting the DMRS symbol instead of dropping of the orphan symbol(s) for multi-TRP based PUSCH, with applying the beam mapped onto that repetition occasion.

Dynamic switching between single TRP and multi-TRP based transmission
Considering the UE may be served with different types of traffic and may also be in different channel conditions, it would be beneficial to allow dynamic switching between single TRP and multi-TRP transmission modes. Similarly, the flexibility of dynamic switching scheduling strategy has already been achieved for the DL PDSCH. 
We suggest two-step DCI methods for the scheduling considering the above enhancements on both the CB and NCB based PUSCH transmissions. 

· Method 1: Explicit indication
Step1: The UE can get the indication of the transmission mode from a certain RNTI scrambled group DCI which can be allocated to a group of UEs.  The 1-bit DCI indicates the PUSCH scheduling of the UE either in single TRP transmission or multi-TRP transmission mode, e.g. “0” for single TRP transmission mode,”1” for multi-TRP transmission mode. The group DCI can be either designed by using a new group DCI or reusing a current group DCI by extending the UE-specific DCI field of 1 bit. 
Step2: With this transmission mode indication, UE can blind detect the UE-specific UL DCI(s) to get all the scheduling parameters of the scheduled PUSCH. For single DCI based PUSCH transmission, the UL DCI payload bits would be fixed which can better support a simplified design for both CB and NCB based PUSCH transmission. For the multi-DCI case, whether multiple UL DCI toward the same TB needs to be associated for the cooperated PUSCH transmission(s) would be explicitly indicated. 
Proposal 21：Method 1: 1-bit Group DCI indicating the PUSCH cooperated-TRP mode can be used for further decoding of the UE-specific DCI, which support the dynamic switching between single TRP and multi-TRP based transmission.

· Method 2: Implicit indication
The beam mapping pattern applied to repetition occasions is associated with the actual allocation of the time-domain resources. If the beam mapping scheme is configured by RRC semi-statically, it may not be appropriate in many cases. As shown in Fig.3, if cyclical mapping is used, we can see the coding rate for all the repetitions (Rep#2&Rep#4) for TCI-2 is much higher than that for TCI-1, sequential mapping would be more optimized. 
[image: ]
Fig.3 TCI state mapping to repetitions of repetition type B
So we propose to indicate the beam mapping pattern dynamically to make the best choice for the tradeoff between diversity gain and beam switching frequency. Two options of the indication can be applied:
Option 1: Since the beam mapping scheme is determined by both the beam mapping pattern and the repetition type, the beam mapping pattern can be configured by RRC which is more related to UE capability, and the repetition type that the beams mapping onto can be further indicated by group DCI, or vice versa. One codepoint “0” can be designed to indicate the scheduling PUSCH is in a single TRP transmission mode. An example of the indication table is given in Table.1. The group DCI can be either designed by using a new group DCI or reusing a current group DCI by extending the UE-specific DCI field.
Table.1 the codepoint mapping table for the repetition type
	Indication of Beam mapping scheme
	repetition type
	Transmission mode(implicitly)

	0
	none
	Single TRP

	1
	Nominal repetition
	Multi-TRP

	2
	Actual repetition
	Multi-TRP

	3
	slots
	Multi-TRP



Option 2: The beam mapping scheme applied to the scheduled PUSCH is indicated by group DCI with beam mapping scheme codepoint. The codepoint mapping table of beam mapping scheme is pre-defined or configured by RRC signaling, one/multiple codepoint(s) can be designed to indicate the mapping pattern when the scheduled PUSCH is in a single TRP transmission mode. An example is given in Table.2 with 3-bit indication, here codepoint “0” is  to indicate the scheduling PUSCH is in a single TRP transmission mode. The group DCI can be either designed by using a new group DCI or reusing a current group DCI by extending the UE-specific DCI field.
Table.2 the codepoint mapping table for the beam mapping scheme
	Indication of Beam mapping scheme
	Beam mapping pattern &repetition type
	Transmission mode(implicitly)

	0
	none
	Single TRP

	1
	Sequential& Nominal repetition
	Multi-TRP

	2
	Cyclical & Actual repetition
	Multi-TRP

	…
	…
	…

	…
	…
	…

	6
	Half-half& Actual repetition
	Multi-TRP

	7
	Cyclical& Slots
	Multi-TRP


Same as method 1, with this transmission mode information, UE can blind decode the UE-specific UL DCI(s) to get all the scheduling parameters of the scheduled PUSCH.

Proposal 22 Method 2: Group DCI bits indicates the beam mapping scheme of PUSCH explicitly and also the PUSCH transmission mode implicitly which can be used for further decoding of the UE-specific DCI. This two-step DCI method can support the dynamic switching between single TRP and multi-TRP based transmission.
Proposal 23: dynamic indication of the beam mapping scheme can be considered for multi-TRP PUSCH repetitions, two options are suggested:
· Alt.1: The beam mapping scheme is determined by both the beam mapping pattern and the repetition type. The beam mapping pattern (cyclical, sequential, half-half, etc.) can be configured by RRC which is more related to UE capability, and the repetition type(nominal repetitions, actual repetitions, slots, etc.) that the beams mapping onto can be further indicated by DCI, or vice versa.
· Alt.2: The beam mapping scheme applied to the scheduled PUSCH is indicated by group DCI with beam mapping scheme codepoint. The codepoint mapping table of beam mapping scheme is pre-defined or configured by RRC signaling, one or multiple codepoint(s) can be designed to indicate the mapping pattern when the scheduled PUSCH is in a single TRP transmission mode.

Mapping between repetitions and RV
In RAN1#103-e meeting, the following has been agreed regarding the transmission scheme for PUSCH [2]:
	Agreement
For single DCI based PUSCH multi-TRP enhancements, support the following RV mapping for PUSCH repetition Type A,
· DCI indicates the first RV for the first PUSCH repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the second TRP (The same method as PDSCH scheme 4)
· FFS: Reuse of the same method for PUSCH repetition Type B.




For multi-TRP PUSCH repetitions, all the repetition occasions are associated with the same TB. For multi-DCI based PUSCH transmission, the RV indication can be applied to the transmission occasions targeting  the same TRP. For single DCI based PUSCH transmission, only one RV is indicated by scheduling DCI, so how to indicate the RV for all repetition occasion needs to be discussed.
For the RV sequence, considering the fading and blockage impact may degrade the transmission performance of certain TRP-UE link seriously in a certain period of time, the design of the RV sequences should take self-decodable sequences into account despite the RV sequence, i.e.,{0, 2, 3, 1} in Rel-15 referred to table 5.1.2.1-2 in TS38.214. The sequences such as {0, 0, 0, 0} or {0, 3, 0, 3} which have been used in CG-PUSCH can also be considered here for DG-PUSCH. 
Proposal 24: support Rel-15/16 URLLC sequence {0,2,3,1} at least, and other RV sequences, such as {0,0,0,0} , {0,3,0,3} can also be considered. 
The repetition occasions associated with the beam targeting the same TRP should apply the same RV sequence to ensure the self-decodable capability when blockage or deep fading occurs in one TRP-UE link. RV sequences can be configured either same or different targeting different TRPs. Since multiple RV sequences are possible for multi-TRP based URLLC, such as {0, 2, 3, 1}, {0, 0, 0, 0}, {0, 3, 0, 3}, etc., it is better to configure the RV sequence via RRC signaling.  To maintain the flexibility of applying different RV sequence for different TRP transmission, it is suggested to allow up to 2 RV sequences configured for 2 beams. The RV sequence selected for either beam can be either most optimistic for soft combining, or most optimistic for self-decoding. 
For the RV indication method, the following methods are suggested for discussion:
Option 1: One RV sequence is configured for all repetitions regarding two beams. The current RV field indicates the initial RV value targeting TRP 1, and the RV with an offset can be applied for TCI 2 with an offset value.  The parameter offset needs to be pre-defined in spec or RRC configured. Similar approach is applied in Rel-16 PDSCH URLLC scheme 4. But in fact it is hard to determine the most optimistic RV sequence to apply to all scenarios, e.g., at least RV sequence {0, 0} is more suitable when one TRP has a high possibility to be blocked during transmission.
Option 2: RV initial values or RV offset values for repetitions targeting both TRPs can be indicated jointly by RV codepoint. The RV codepoint can be pre-determined by network or pre-defined in spec, which may contain most possible combinations the network expects to apply for a dynamic RV configuration as shown in Table.3.  
When one RV sequence is configured for all repetitions, RV1 can be an RV initial value for TRP 1, and RV2 can be an offset value upon RV1 to get the initial RV value for TRP 2, which is same as option 1.
When two RV sequences are configured for all repetitions,  the RV codepoint can indicate RV1 /RV2 of the initial values separately  for 2 beams or RV_offset1/RV_offset2 of the offset value of the RV sequence to get the initial RVs for 2 beams.
Table 3: RV Combinations for URLLC
	RV index
	RV1/RV_offset1
	RV2/RV_offset2

	0
	0
	3

	1
	2
	3

	2
	0
	1

	3
	2
	0



Proposal 25: for the RV indication, the following methods are suggested, our preference is option 2.
· Option 1: One RV sequence is configured for all repetitions regarding two beams. The current RV field indicates the initial RV value targeting TRP 1, and the RV with an offset can be applied for TCI 2 with an offset value.  The parameter offset needs to be pre-defined in spec or RRC configured.
· Option 2: RV initial values or RV offset values for repetitions targeting both TRPs can be indicated jointly by RV codepoint. The RV codepoint can be pre-determined by network or pre-defined in spec, which may contain most possible combinations the network expects to apply for a dynamic RV 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#103-e meeting, the following agreement has been made on the transmission schemes of PUCCH [2]:
	Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 




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




In Rel-15, inter-slot repetition can only be configured with long PUCCH format 1, 3 and 4, and the same spatial relation info applies to all the repetitions across slots. In Rel-17, multiple beams are expected to be used to transmit multiple repetitions of a PUCCH resource to obtain the spatial diversity and enhance the reliability and robustness especially in FR2. 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, but the intra-slot mechanism for short PUCCH formats is more preferred.
Scheme 2 can be very beneficial, and considering the reuse of the current intra-slot frequency hopping mechanism, more than 2 hops are not expected considering the complexity and the spec efforts. Scheme 3 can also be supported as another approach for the intra-slot repetition based on the definition of the sub-slot based repetition mechanism. The overlapping discussions with other WIs on this sub-slot based repetitions would still be troublesome. Currently we think there is no need to limit the PUCCH formats to support the intra-slot repetition, how to apply the appropriate repetition scheme to a PUCCH resource of a certain format is up to the gNB scheduling.
Proposal 26:  Support Scheme 2 and Scheme 3 for PUCCH transmission for intra-slot transmission. 
Proposal 27:  The repetition number for Scheme 1 can be extended to 16.
Proposal 28: Scheme 2 can be beneficial, but more than 2 hops are not expected considering the complexity and the spec impacts.
Proposal 29: Support PUCCH format 0/2 for inter-slot repetition.
Proposal 30: Support all PUCCH formats for intra-slot repetition scheme(s). 

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 31: 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#103-e meeting, the following agreement has been made on PUCCH power control [2]:
	Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1




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 32: We prefer option 3 for the TPC enhancement for multi-TRP based PUCCH transmission.

Beam mapping issues
In RAN1#103-e meeting, the following WA has been made on beam mapping onto PUCCH repetitions [2]:
	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.




According to the discussions last meeting, whether to support the cyclical mapping for PUCCH repetitions more than 2 was controversial. One of the main concern is the beam switching gap issue which has influence on the implementation complexity and feasibility of the transmission scheme. LS has been sent to RAN4 for feedback on the beam switching gap evaluation between panels.
To our understanding, the related multi-panel transmission issue is still under discussion in RAN1 and no conclusion on multi-panel assumption regarding the following categories has been made:
Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· 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
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions

And from previous agreed RAN4 Way Forward on this issue [5], RAN4 planned to study the following issues:
· SRS antenna switching time for FR2 applies for switching cases both in the same panel and between two panels
· SRS antenna switching time for FR2 study both SCSs 60kHz and 120kHz.
· Whether SRS antenna switching can be less than 8.93us will be further studied in next RAN4 meeting.

To enable a multi-TRP based uplink transmission, the assumption of MPUE cannot be relied on MPUE-Assumption1, several ms time gap is unacceptable, which means all the panels have to be activated ready for scheduling in FR2. According the current supported PUSCH/PUCCH repetition schemes, MPUE-Assumption 3 is the minimum UE capability required.  
Currently, we can hardly evaluate the feasibility of cyclical mapping without RAN4’s feedback. The feasibility is determined by the switching gap of beams between panels. If the switching gap is comparable to the antenna switching gap which is 1 or 2 symbols, we think it is still beneficial for the UE to support cyclical mapping to enable more diversity gain. 

Proposal 33: Agree with the WA. Support cyclical mapping for multi-TRP PUCCH/PUSCH transmission if the beam switching gap is comparable to the antenna switching gap (1or 2 symbols). 
Proposal 34: Assuming the switching gap between panels are comparable to the switching gap for antenna switching, MPUE assumption 2 and/or 3 are feasible for multi-TRP PUSCH/PUCCH transmission.

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: Enhance MAC CE to activate one or two TCI states, or use DCI for common beam indication to indicate one or two TCI states for each CORESET. 
Proposal 2: To define a new value of CORESETPoolIndex for CORESET with two TCI states.
Proposal 3: The default beam depends on the value of CORESETPoolIndex and / or the beam indication signaling for the CORESET with two TCI states.
Proposal 4: To design one signaling for beam indication of two CORESETs for Multi-TRP PDCCH. 
Proposal 5: Assumption 1 is supported for Multi-TRP PDCCH transmission.
Proposal 6: Support to differentiate single TRP PDCCH transmission and Multi-TRP PDCCH transmission dynamically.
Proposal 7: For inter-slot Multi-TRP PDCCH transmission, Assumption 4 for decoding is much better. 
Proposal 8: Prefer Alt 2 to determine PUCCH resource by parameters of one CORESET or by parameters of each PUCCH resource determined by each CORESET.
Proposal 9: Support both intra-slot and inter-slot Multi-TRP PDCCH transmission with two as the maximum repetition number.

PUSCH:
Proposal 10: For multi-TRP based PUSCH, the maximum number of transmission layers is up to 2 per transmission occasion or per panel.
Proposal 11: For multi-TRP based PUSCH, consider to re-specify up to 2-layer transmission for PUSCH repetition Type A.
Proposal 12: For multi-TRP based PUSCH, consider to increase the maximum number of repetitions to 32 especially in FR2.
Proposal 13: The TBS determination rule for PUSCH repetition Type A and Type B defined in Rel-16 can be reused.

Proposal 14: For CB based PUSCH, enhancements are suggested as below:
1) Extend the SRI field to indicate the SRIs targeting each TRP; 
2) Two TPMI/RI fields to indicate two precoders associated with spatial relation filters separately;
3) no extension is needed for the number of SRS resources configured within a SRS resource set;
Proposal 15: For NCB based PUSCH with multi-TRP, enhancements are suggested as below:
1) Extend the SRI field to indicate the spatial relations of SRS subsets;
2) Maximum number of SRS resources within a resource set maintains 4;
Proposal 16: For the TPC indication, option 3 is more preferred. 

Proposal 17: For multi-TRP PUSCH repetition type A, the scheme of beams mapping onto repetitions should consider the dropping of invalid transmission occasions. 
Proposal 18: For repetition type A, beams targeting different TRPs are applied to the actual transmission occasions of the TB (with the counting not including the omitted ones) as well as nominal repetitions, which can be configurable.
Proposal 19: The beams mapping to repetitions need to consider how to deal with the orphan symbol(s) for repetition Type B.
Proposal 20: Transmitting the DMRS symbol instead of dropping of the orphan symbol(s) for multi-TRP based PUSCH, with applying the beam mapped onto that repetition occasion.

Proposal 21：Method 1: 1-bit Group DCI indicating the PUSCH cooperated-TRP mode can be used for further decoding of the UE-specific DCI, which support the dynamic switching between single TRP and multi-TRP based transmission.
Proposal 22 Method 2: Group DCI bits indicates the beam mapping scheme of PUSCH explicitly and also the PUSCH transmission mode implicitly which can be used for further decoding of the UE-specific DCI. This two-step DCI method can support the dynamic switching between single TRP and multi-TRP based transmission.
Proposal 23: dynamic indication of the beam mapping scheme can be considered for multi-TRP PUSCH repetitions, two options are suggested:
· Alt.1: The beam mapping scheme is determined by both the beam mapping pattern and the repetition type. The beam mapping pattern (cyclical, sequential, half-half, etc.) can be configured by RRC which is more related to UE capability, and the repetition type(nominal repetitions, actual repetitions, slots, etc.) that the beams mapping onto can be further indicated by DCI, or vice versa.
· Alt.2: The beam mapping scheme applied to the scheduled PUSCH is indicated by group DCI with beam mapping scheme codepoint. The codepoint mapping table of beam mapping scheme is pre-defined or configured by RRC signaling, one or multiple codepoint(s) can be designed to indicate the mapping pattern when the scheduled PUSCH is in a single TRP transmission mode.

Proposal 24: support Rel-15/16 URLLC sequence {0,2,3,1} at least, and other RV sequences, such as {0,0,0,0} , {0,3,0,3} can also be considered. 
Proposal 25: for the RV indication, the following methods are suggested, our preference is option 2.
· Option 1: One RV sequence is configured for all repetitions regarding two beams. The current RV field indicates the initial RV value targeting TRP 1, and the RV with an offset can be applied for TCI 2 with an offset value.  The parameter offset needs to be pre-defined in spec or RRC configured.
· Option 2: RV initial values or RV offset values for repetitions targeting both TRPs can be indicated jointly by RV codepoint. The RV codepoint can be pre-determined by network or pre-defined in spec, which may contain most possible combinations the network expects to apply for a dynamic RV configuration.

PUCCH:
Proposal 26:  Support Scheme 2 and Scheme 3 for PUCCH transmission for intra-slot transmission. 
Proposal 27:  The repetition number for Scheme 1 can be extended to 16.
Proposal 28: Scheme 2 can be beneficial, but more than 2 hops are not expected considering the complexity and the spec impacts.
Proposal 29: Support PUCCH format 0/2 for inter-slot repetition.
Proposal 30: Support all PUCCH formats for intra-slot repetition scheme(s). 
Proposal 31: 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 32: We prefer option 3 for the TPC enhancement for multi-TRP based PUCCH transmission.
Proposal 33: Agree with the WA. Support cyclical mapping for multi-TRP PUCCH/PUSCH transmission if the beam switching gap is comparable to the antenna switching gap (1or 2 symbols). 
Proposal 34: Assuming the switching gap between panels are comparable to the switching gap for antenna switching, MPUE assumption 2 and/or 3 are feasible for multi-TRP PUSCH/PUCCH transmission.
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