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Introduction
In this paper, we present a discussion on extension of Rel-17 unified TCI framework to multi-TRP transmission/reception based on the MIMO WI objectives [1].
	2. Specify extension of Rel-17 Unified TCI framework for indication of multiple DL and UL TCI states focusing on multi-TRP use case, using Rel-17 unified TCI framework
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.



[bookmark: _Hlk47732020]Unified TCI Framework for Multi-TRP
In Rel-17 NR, unified TCI framework was introduced to unify beam indication for downlink and uplink using joint DL/UL TCI states for cases when downlink and uplink use the same beam and with separate DL/UL TCI for the case when beam correspondence is not assumed with different beams for downlink and uplink. The unified TCI framework assumes a common beam operation in DL and UL where the same beam is used across all DL/UL signals and channels unless specific RS and channels are configured not to apply the indicated TCI state. In Rel-17, the framework was specified only for single TRP case with M=1 downlink QCL and N=1 uplink spatial filter being indicated by each TCI codepoint i.e., MAC-CE maps a single joint TCI state or a single DL and/or a single UL TCI state to a TCI codepoint. 
In Rel-18 unified TCI framework should be extended to multi-TRP transmission schemes. To this end, the scope of the work item should be limited to existing multi-TRP schemes. 
Proposal 1: For Rel-18 unified TCI extension to multi-TRP operation, only consider the existing multi-TRP transmission schemes supported in the previous NR releases e.g., Rel-16 PDSCH schemes 1a/2a/2b/3/4, Rel-17 PDCCH, PUSCH, PUCCH repetition
If new transmission schemes are considered, but additional time in RAN1 may be required to confirm the benefits of proposed schemes. Next, we discuss initial views on extension of unified TCI framework to Rel-16 and Rel-17
Multi-DCI Multi-TRP
For multi-DCI multi-TRP operation for scheduling PDSCH, in the case of joint DL/UL beam indication with the value of unifiedtci-StateType set to “JointULDL”, using a TCI state from a pool of joint DL/UL TCI (DLorJointTCIState), TCI codepoint mapped to M=1 joint DL/UL TCI state is indicated by the scheduling DCI in the case of more than single active or by MAC-CE in the case of single active TCI state. In case of separate DL/UL TCI operation, each DCI should indicate a TCI codepoint mapped to either a single (M=1) DL TCI state, a single (N=1) UL TCI state or alternatively a codepoint mapped to one DL and one UL TCI state. 
Proposal 2: Multi-DCI Multi-TRP can be supported by unified TCI framework with M=N=1.
A default beam for each CORESETPoolIndex is applicable after initial access and before the first slot boundary after beam application time after the UE receives a first beam indication DCI for the corresponding CORESETPoolIndex. Once the UE receives a beam application DCI corresponding to a CORESETPoolIndex, the indicated beam, once applied is assumed to be active until a different TCI state is indicated either by DCI or MAC-CE.
Proposal 3: Default beam for multi-DCI multi-TRP is applicable after initial access and before a first beam indication. After BAT of first beam indication, the indicated TCI per CORESETPoolIndex remains active until a different TCI is indicated per CORESETPoolIndex
Single-DCI Multi-TRP
When unified TCI framework is used for beam indication for single DCI multi-TRP, for the case when the UE is configured with joint DL/UL beam indication with the value of unifiedtci-StateType set to “JointULDL”, the UE expects to be indicated with a TCI codepoint which is mapped to two joint DL/UL TCI states, one for each TRP. The legacy Rel-16/17 MAC-CE can be used to map the joint DL/UL TCI states to the TCI codepoints. hen configured for separate DL/UL beam indication with the value of unifiedtci-StateType set to “SeparateULDL”, the UE expects to be indicated with a TCI codepoint which is mapped to two (M=2) DL TCI states or two (N=2) UL TCI states or two DL + two UL TCI states.
Proposal 4: Single-DCI multi-TRP can be supported by mapping TCI codepoints to 2 joint TCI states for joint DL/UL beam indication or by mapping a TCI codepoint to M=2 DL TCI and/or N=2 UL TCI states for separate TCI states
Proposal 5: The beam application time for single-DCI multi-TRP can be configured per CC for all TRPs and is determined based on the smallest SCS among the CCs from the TRPs which apply the indicated beams.
PDSCH Repetition Scheme 3 (TDMSchemeA) & Scheme 4 (TDMSchemeB)
When the time offset between the DCI and the 1st PDSCH transmission occasion is below the BAT when the scheduling DCI indicates the beams, and before the UE has received the first beam indication DCI with a TCI codepoint which is mapped to two joint DL/UL TCI states, or 2 DL + 2 UL TCI states, two default beams are applied where the default beams for each TRP are determined based on the activated TCI codepoints in the slot with the first PDSCH transmission and the lowest indexed TCI codepoint which is mapped to 2 joint DL/UL or 2 DL + 2 UL TCI states is considered to be the default beam.
Proposal 6: For PDSCH Repetition Schemes 3 and 4, default beam is based on the activated TCI codepoints in the slot with the first PDSCH transmission and is the lowest indexed TCI codepoint which is mapped to 2 joint DL/UL TCI states (joint DL/UL beam indication) or 2 DL and 2 UL TCI states (separate DL/UL beam indication)

PDCCH Repetition for Multi-TRP
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[bookmark: _Ref102179232]Figure 1: PDCCH Repetition for Rel-17 Multi-TRP Operation with SS set linking
Rel-17 PDCCH repetition for multi-TRP operation is illustrated in Figure 1. For PDCCH repetition in Rel-17 multi-TRP, a DCI is repeated from two TRPs wherein each repetition is from a SS set linked to CORESET which associated with a TCI state. In Figure 1, PDCCH-1 and PDCCH-2 are repetitions of the same DCI. Candidate m of SS set-1 is linked with candidate m of SS-set-2 for a given AL, using RRC signaling.
For support of PDCCH repetition using unified TCI framework, CORESET-1 and CORESET-2 can be configured to apply the indicated joint or DL TCI state(s) only for the case when the indicated TCI codepoint maps to 2 joint or DL TCI states. The first TCI state in the codepoint applies to CORESET-1 and second TCI state in the codepoint maps to CORESET-2.
Proposal 7: For PDCCH repetition, the two CORESETs apply indicated TCI state(s) only when the TCI codepoint is mapped to two joint or DL TCI states. The first TCI state applies to CORESET 1 and the second TCI state applies to CORESET-2.
PUSCH Repetition for Multi-TRP
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Figure 2: PUSCH Repetition for Rel-17 Multi-TRP Operation
For Rel-17 PUSCH repetition scheme for multi-TRP operation, only single DCI multi-TRP is supported. For Rel-18 unified TCI framework, to support PUSCH repetition for multi-TRP, an uplink DCI format 0_1 or 0_2 used for scheduling the PUSCH repetitions can be used to indicate a TCI codepoint mapped to two joint DL/UL TCI states or two UL TCI states.
Proposal 8: For PUSCH repetition, support UL DCI formats 0_1 or 0_2 indicating a TCI codepoint mapped to two joint DL/UL TCI states or two UL TCI states.

PUCCH Repetition for Multi-TRP
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Figure 3: PUCCH Repetition Schemes for Rel-17 Multi-TRP operation

[bookmark: _Hlk102180339]In Rel-17 multi-TRP, PUCCH repetition schemes were specified with both intra and inter slot repetition. When unified TCI framework is used to support PUCCH repetitions, PUCCH resources or resource sets can be configured to follow the indicated Rel-17 joint or UL TCI state and a beam indication DCI with format 1_1/1_2 (with or without data assignment) or 0_1/0_2 with UL data assignment can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition and this pattern repeats for every subsequent repetition
Proposal 9: For PUCCH repetition, DCI 0_1/0_2 can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition
Simultaneous multi-panel UL transmission
To support simultaneous multi-panel transmission in UL, different transmission schemes can be considered. For example, the simultaneous transmissions can be scheduled by either a single DCI or multiple DCIs, the transmission occasions can be SDMed or FDMed, the transmission can contain eMBB traffic or repetitions. For example, the eMBB configuration is mainly used to increase the transmission throughput. While the repetition configuration is mainly used to increase the reliability of the transmission. In eMBB transmission, the same redundancy version (RV) can be applied to different codewords (CWs). While to transmit repetitions to different TRPs, different RVs can be applied to multiple CWs containing the same information. In FDMed simultaneous UL transmission schemes, the transmissions to different TRPs are multiplexed in orthogonal resource blocks. In SDMed simultaneous UL transmission schemes, the transmissions to different TRPs are multiplexed in two Tx beams using the same resource blocks, which can cause cross panel interference. Thus, FDMed schemes can be used to transmit both repetitions and eMBB data. But SDMed schemes are better to be used to transmit eMBB data.  
In single-DCI based SDMed scheme with SCW, as shown in Figure 1, a transport block (TB) with eMBB data scheduled by a single DCI is encoded to be one CW, which is then mapped to N layers. A certain number of layers are transmitted through a UE panel to TRP0, while the rest of layers are transmitted through the other UE panel to TRP1. All the layers are transmitted with the same frequency resources, physical resource group (PRG) set0. 
In single-DCI based FDMed scheme with SCW, as shown in Figure 2, a TB with eMBB data scheduled by a single DCI is encoded to be one CW, which is then mapped to N layers. A certain number of layers are transmitted through a UE panel to TRP0 in frequency resource PRG set0, while the rest of layers are transmitted through the other UE panel to TRP1 in frequency resource PRG set1. 
In single-DCI based FDMed scheme with MCW, as shown in Figure 3, a TB with URLLC data scheduled by a single DCI is encoded and duplicated to be two CWs, with two different RVs. Each CW is then mapped to N layers. The layers from CW0 are transmitted through a UE panel to TRP0 in frequency resource PRG set0, while the layers from CW1 are transmitted through the other UE panel to TRP1 in frequency resource PRG set1. 
In multi-DCI based SDMed scheme with MCW, as shown in Figure 4, two TBs with eMBB data scheduled by two DCIs are encoded and to be two CWs respectively. The two CWs can have the same RV since data in two TBs are different. Each CW is then mapped to N layers. The layers from CW0 are transmitted through a UE panel to TRP0, while the layers from CW1 are transmitted through the other UE panel to TRP1. All the layers are transmitted with the same frequency resources, physical resource group (PRG) set0. 
In multi-DCI based FDMed scheme with MCW, as shown in Figure 5, two TBs with eMBB data scheduled by two DCIs are encoded and to be two CWs respectively. The two CWs can have the same RV since data in two TBs are different. Each CW is then mapped to N layers. The layers from CW0 are transmitted through a UE panel to TRP0 in frequency resource PRG set0, while the layers from CW1 are transmitted through the other UE panel to TRP1 in frequency resource PRG set1. 
We can also further discuss other schemes such as single-DCI based SDMed scheme with MCW, etc.
Overall, have the following proposal for transmission scheme design.
Proposal 10: For simultaneous multi-panel UL transmission, apply the following transmission schemes to eMBB data and repetitions. 
For eMBB: 
· single-DCI based SDMed scheme with SCW, 
· single-DCI based FDMed scheme with SCW,
· multi-DCI based SDMed or FDMed scheme with MCW.
For repetition:
· single-DCI based FDMed scheme with MCW.




[bookmark: _Ref101865682]Figure 4. Single-DCI based SDMed scheme with SCW



[bookmark: _Ref101865697]Figure 5. Single-DCI based FDMed scheme with SCW



[bookmark: _Ref101865701]Figure 6. Single-DCI based FDMed scheme with MCW



[bookmark: _Ref101865712]Figure 7. Multi-DCI based SDMed scheme with MCW



[bookmark: _Ref101865715]Figure 8. Multi-DCI based FDMed scheme with MCW

Furthermore, when using multi-DCI based scheme to transmit eMBB data simultaneously with two panels, two DCIs can schedule two PUSCH transmissions and each DCI can indicate a set of transmission settings such as TPMI, number of layers, and MCSs, for the PUSCH to a TRP. However, multi-DCI based simultaneous multi-panel UL transmission (either eMBB or URLLC) cannot be supported in current Rel-17 specification. To be specific, in clause 6.1 of TS38.214, it states that
“Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet for the active BWP of a serving cell and PDCCHs that schedule two non-overlapping in time domain PUSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, for any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.”
and
“The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2  crambled by C-RNTI, CS-RNTI or MCS-C-RNTI for a given HARQ process with the DCI received before the end of the expected transmission of the last PUSCH for that HARQ process if the latter is scheduled by a DCI with CRC scrambled by CRNTI, CS-RNTI or MCS-C-RNTI.”
As the first paragraph of the above spec indicates, if the PUSCH to TRP1 and the PUSCH to TRP2 are associated with two HARQ process IDs (e.g., two eMBB TBs are transmitted to TRP1 and TRP2 respectively), the 2nd PUSCH transmission can be transmitted only after the end of the 1st PUSCH. For example, the scenarios shown in Figure 6 and Figure 7 are restricted if eMBB traffic is transmitted in the PUSCHs. (Figure 6 to Figure 9 show different multi-DCI based mTRP UL transmission scenarios, where scenario-1 is simultaneous full-overlapped multi-panel UL transmission, scenario-2 is simultaneous partial-overlapped multi-panel UL transmission, scenario-3 and scenario-4 are non-simultaneous multi-panel UL transmissions.)
As the second paragraph of the above spec indicates, if the PUSCH to TRP1 and the PUSCH to TRP2 are associated with one HARQ process ID (e.g., two PUSCH repetitions are transmitted to TRP1 and TRP2 respectively), the DCI that schedules the 2nd PUSCH cannot be received before the 1st PUSCH. For example, the scenarios shown in Figure 6, Figure 7, and Figure 8 are restricted if repetitions are transmitted.
Thus, to apply multi-DCI based simultaneous multi-panel UL transmission with eMBB data, if the PUSCH to TRP1 and the PUSCH to TRP2 are associated with two HARQ process IDs, the 2nd PUSCH transmission should be allowed to be transmitted before the end of the 1st PUSCH. To apply multi-DCI based simultaneous multi-panel PUSCH repetition, the DCI that schedules the 2nd PUSCH repetition should be allowed to be received before the beginning of the 1st PUSCH. The proposals are as follows.
Proposal 11: To support simultaneous multi-panel PUSCH transmission, if the PUSCH to TRP1 and the PUSCH to TRP2 are associated with two HARQ process IDs, the 2nd PUSCH transmission are allowed to be transmitted before the end of the 1st PUSCH.
 
Proposal 12: To support simultaneous multi-panel PUSCH repetition (the PUSCH to TRP1 and the PUSCH to TRP2 are associated with the same HARQ process ID), the DCI that schedules the 2nd PUSCH repetition are allowed to be received before the beginning of the 1st PUSCH.



[bookmark: _Ref101865812]Figure 9. Multi-DCI based UL transmission scenario-1


[bookmark: _Ref101865820]Figure 10. Multi-DCI based UL transmission scenario-2



[bookmark: _Ref101865910]Figure 11. Multi-DCI based UL transmission scenario-3



[bookmark: _Ref101865855]Figure 12. Multi-DCI based UL transmission scenario-4

Different simultaneous multi-panel UL transmission schemes will need different transmission parameters to be indicated in the DCI. It will cause a lot of DCI field overhead if all the parameters are added to the DCI. Because some parameters are only used for certain schemes but not for all schemes. For example, in single-DCI based FDMed simultaneous PUSCH transmission, two frequency domain resource allocation (FDRA) should be indicated in the DCI. While in single-DCI based SDMed simultaneous PUSCH transmission, one FDRA should be indicated in the DCI. In single-DCI based simultaneous PUSCH transmission for eMBB, only one RV needs to be indicated in the DCI. While in single-DCI based simultaneous PUSCH repetition, two RVs should be indicated in the DCI. To save the bit field overhead in DCI, we can indicate which transmission scheme is scheduled such that the DCI fields can be designed according to the transmission schemes. To indicate the transmission scheme, two approaches can be studied, 1) the transmission scheme is indicated explicitly in the DCI with a certain number of bits, 2) the transmission scheme is indicated implicitly.
Proposal 13: To reduce the bit field overhead in DCI for mTRP UL transmission, transmission schemes should be identified and indicated in the DCI, and the DCI fields can be designed according to the transmission schemes.

Power control for UL single DCI
Simultaneous multi-panel UL Power Control
Rel-17 UL power control is designed for the scenario where the transmission is towards one TRP in a certain time but not for the scenario where the transmission is towards multiple TRPs simultaneously. To support simultaneous multi-panel UL transmission, the power control for each transmission occasion towards a TRP should be properly designed. To restrict the total spectrum density, the total transmission power at any time should not beyond the maximum UE transmission power limit. Thus, power control method should be studied for the simultaneous multi-panel UL transmission. In the following discussion, the maximum total transmit power is represented as , the maximum transmit power for panel-1 is represented as , the maximum transmit power for panel-2 is represented as .

To limit the total spectrum density, the maximum transmit powers for the two panels should be restricted. We can consider three power control methods. 

In the first method, the UE is configured with one maximum transmit power, , and it is split equally for the two simultaneous transmissions, i.e., = =1/2 , as shown in Figure 10. For each UL transmission towards a certain TRP, the power control is done individually, following the existing mechanism. 

In the second method, the UE is configured with one maximum transmit power, , and it can be split unequally for the two simultaneous transmissions, i.e., , as shown in Figure 11. The fraction of power splitting between the two panels can be indicated in DCI, or activated through MAC CE, or configured in RRC parameter. For each UL transmission towards a certain TRP, the power control is done individually, following the existing mechanism. 

In the third method, the maximum total transmit power maximum transmit power for panel-1  and the maximum transmit power for panel-2  are configured separately to the UE.  We allow , but the instant total transmission power should still be within the limitation of , as shown in Figure 12.

From the first to the third method, the flexibility of power control are improved but the complicity of power control also increases. We prefer to support method-1 as a default method, and method-2 as an additional capability.
Proposal 14: For simultaneous multi-panel transmit power control, support equal power splitting of total maximum transmit power, and power splitting of the total maximum transmit power with a variable power splitting fraction if the UE is capable. 



[bookmark: _Ref101866068]Figure 10. Simultaneous multi-panel transmit power control method-1



[bookmark: _Ref101866091]Figure 11. Simultaneous multi-panel transmit power control method-2



[bookmark: _Ref101866098]Figure 12. Simultaneous multi-panel transmit power control method-3

PUCCH power control
In Rel-17, one or two TPC command fields can be included in DCI for single-TRP and multi-TRP PUSCH transmission. In general, the first and second TPC command values are mapped to closed loop index l = 0 and l = 1 respectively. The mapping between closed loop indexes and other power control parameters such as p0, alpha, and PL-RS is according to the MAC CE activation and RRC configuration. To be specific, the MAC CE, as shown in Figure 14, can activate/deactivate the spatial relation info ID associated with the PUCCH resource ID. And the spatial relation info ID is associated with closed loop index, p0, and PL-RS in the RRC parameter ‘PUCCH-SpatialRelationInfo’ as follows. 
[image: ]
[image: ]
[bookmark: _Ref101866142]Figure 14. PUCCH spatial relation activation/deactivation MAC CE
In Rel-18, however, the unified TCI framework are applied and the power control parameters including closed loop index, p0, alpha, and PL-RS can be configured within TCI configuration. Thus, how to map the power control parameters to TCI states instead of SRIs should be studied. One method is to apply a two-step mapping. First, mapping between TCI state IDs and SRI IDs can be configured by RRC or activated/deactivated by MAC CE. Second, once the MAC CE activates/deactivates a certain PUCCH spatial relation(s) for the PUCCH resource, the PUCCH spatial relation(s) is mapped to TCI state ID(s) according to the configuration or indication in the first step. Another method is to add a new MAC CE to activate/deactivate TCI states for a PUCCH resource, which is similar to the PUCCH spatial relation activation/deactivation MAC CE. And in multi-TRP operation, two TCI states can be activated or deactivated with the new MAC CE. Comparing with the first method, the second method is more straightforward since it uses a MAC CE to activate and deactivate TCI states for a PUCCH resource directly. But the maximum number of TCI state is 128, which is much more the maximum number of spatial relation info which is 8. Then, how many TCI state entries should be included in the MAC CE and how to map these TCI state entries to the TCI states should be considered. The power control parameters such as closed loop index, p0, and PL-RS are determined based on TCI state ID. Thus, we have the following proposal. 
Proposal 15: For multi-TRP PUCCH power control under unified TCI framework, study the following two options. 
Option-1: Use the PUCCH spatial relation activation/deactivation MAC CE to activate or deactivate PUCCH spatial relation(s) and map the PUCCH spatial relation(s) to TCI state IDs. 
Option-2: Use a new TCI states activation/deactivation MAC CE to active or deactivate TCI state(s).
And the power control parameters such as closed loop index, p0, and PL-RS are determined based on TCI state ID.

PUSCH Power Control
In Rel-17, the association among power control parameters such as closed loop index, p0, alpha, and PL-RS are related to the SRI fields and the RRC parameter ‘SRI-PUSCH-PowerControl’ as listed below. For instance, SRI-PUSCH-PowerControlId is mapped to the DCI field of SRI. In open loop power control, if the SRI field exists and the OLPC field value is 0, the UE determines p0 from P0-PUSCH-AlphaSetId in SRI-PUSCH-PowerControl with a sri-PUSCH-PowerControlId value mapped to the SRI field value. [image: ]
In Rel-18, however, the unified TCI framework are applied and the power control parameters including closed loop index, p0, alpha, and PL-RS can be configured within TCI configuration. Thus, how to map the power control parameters to TCI states instead of SRIs should be studied. 
We consider two options for open loop power control. In the first option, a two-step mapping can be applied. First, mapping between TCI state IDs and SRI can be provided in RRC configuration or an activation MAC CE. The SRI value is the same with ‘sri-PUSCH-PowerControlId’ value in ‘SRI-PUSCH-PowerControl’.  Second, the mapping between SRI and p0 can be based on Rel-17 rules. In the second option, we directly map TCI states to the p0 values. For instance, when the TCI field(s) exists, if the OLPC field value is ‘0’, UE determines p0 from a mapping between the indicated TCI state ID and the ‘P0AlphaSet-r17’ in ‘Uplink-powerControl-r17’ in RRC configuration for unified TCI state. And if the OLPC field value is ‘1’, the TCI state ID(s) is mapped to ‘P0-PUSCH-SetId-r16’ in ‘P0-PUSCH-Set-r16’. As we can see, the first option has less spec impact since only a mapping between TCI states and SRI is needed. The second option is tailored for unified TCI framework but leads to more changes to the spec. Therefore, our proposal is
Proposal 16: For multi-TRP PUSCH open loop power control under unified TCI framework, study the following two options. 
Option-1: Map the TCI states to SRIs and apply the Rel-17 open loop power control rules. 
Option-2: Map TCI states to the p0 values. If the OLPC field value is ‘0’, UE determines p0 from a mapping between the indicated TCI state ID and p0 value in RRC configuration for unified TCI state. And if the If the OLPC field value is ‘1’, the TCI state ID(s) is mapped to ‘P0-PUSCH-SetId-r16’ in ‘P0-PUSCH-Set-r16’.

In Rel-17, the PL-RS is mapped to an SRI and the default PL-RS is determined based on whether ‘enablePL-RS-UpdateForPUSCH-SRS’ is provided to the UE. And if the UE is provided ‘enablePL-RS-UpdateForPUSCH-SRS’, a mapping between ‘sri-PUSCH-PowerControlId’ and ‘PUSCH-PathlossReferenceRS-Id’ values can be updated by a PUSCH PL-RS update MAC CE as shown in Figure 15.  In Rel-18 unified TCI framework, the SRI field may not exist and the RL-RS can be mapped to TCI states. A similar MAC CE based PL-RS update should be supported. In the first option, a two-step mapping is applied. First, mapping between TCI state IDs and SRI IDs can be provided in RRC configuration or an activation MAC CE. Second, if the UE is provided ‘enablePL-RS-UpdateForPUSCH-SRS’, a mapping between SRI ID and ‘PUSCH-PathlossReferenceRS-Id’ values can be updated by a current Rel-17 MAC CE, as shown Figure 15. In the second option, a new RRC parameter ‘enablePL-RS-UpdateForPUSCH-TCI’ can be configured. If the UE is provided ‘enablePL-RS-UpdateForPUSCH-TCI’, a mapping between TCI state ID and ‘PUSCH-PathlossReferenceRS-Id’ values can be updated by a TCI-based PUSCH PL-RS activation/deactivation MAC CE. Thus, our proposal is 
Proposal 17: For multi-TRP PUSCH PL-RS update under unified TCI framework, study the following two options. 
Option-1: Map the TCI states to SRIs and update PUSCH PL-RS according to Rel-17 method. 
Option-2: A new RRC parameter ‘enablePL-RS-UpdateForPUSCH-TCI’ is configured. If the UE is provided ‘enablePL-RS-UpdateForPUSCH-TCI’, a mapping between TCI state ID and ‘PUSCH-PathlossReferenceRS-Id’ values can be updated by a TCI-based PUSCH PL-RS activation/deactivation MAC CE.
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[bookmark: _Ref101866185]Figure 14. PUSCH PL-RS update MAC CE
Conclusion
In this paper, unified TCI extension to multi-TRP, simultaneous multi-panel UL transmission and Power control for UL single DCI were discussed. The main proposals from this paper are outlined here:
Proposal 1: For Rel-18 unified TCI extension to multi-TRP operation, only consider the existing multi-TRP transmission schemes supported in the previous NR releases e.g., Rel-16 PDSCH schemes 1a/2a/2b/3/4, Rel-17 PDCCH, PUSCH, PUCCH repetition
Proposal 2: Multi-DCI Multi-TRP can be supported by unified TCI framework with M=N=1
Proposal 3: Default beam for multi-DCI multi-TRP is applicable after initial access and before a first beam indication. After BAT of first beam indication, the indicated TCI per CORESETPoolIndex remains active until a different TCI is indicated per CORESETPoolIndex
Proposal 4: Single-DCI multi-TRP can be supported by mapping TCI codepoints to 2 joint TCI states for joint DL/UL beam indication or by mapping a TCI codepoint to M=2 DL TCI and/or N=2 UL TCI states for separate TCI states
Proposal 5: The beam application time for single-DCI multi-TRP can be configured per CC for all TRPs and is determined based on the smallest SCS among the CCs from the TRPs which apply the indicated beams
Proposal 6: For PDSCH Repetition Schemes 3 and 4, default beam is based on the activated TCI codepoints in the slot with the first PDSCH transmission and is the lowest indexed TCI codepoint which is mapped to 2 joint DL/UL TCI states (joint DL/UL beam indication) or 2 DL and 2 UL TCI states (separate DL/UL beam indication)
Proposal 7: For PDCCH repetition, the two CORESETs apply indicated TCI state(s) only when the TCI codepoint is mapped to two joint or DL TCI states. The first TCI state applies to CORESET 1 and the second TCI state applies to CORESET-2.
Proposal 8: For PUSCH repetition, support UL DCI formats 0_1 or 0_2 indicating a TCI codepoint mapped to two joint DL/UL TCI states or two UL TCI states.
Proposal 9: For PUCCH repetition, DCI 0_1/0_2 can indicate a TCI codepoint mapped to two joint or UL TCI states and the first TCI state of the codepoint maps to the first PUCCH repetition and the second TCI state in the codepoint maps to the second PUCCH repetition

Proposal 10: For simultaneous multi-panel UL transmission, apply the following transmission schemes to eMBB data and repetitions. 
For eMBB: 
· single-DCI based SDMed scheme with SCW, 
· single-DCI based FDMed scheme with SCW,
· multi-DCI based SDMed or FDMed scheme with MCW.
For repetition: single-DCI based FDMed scheme with MCW
Proposal 11: To support simultaneous multi-panel PUSCH transmission, if the PUSCH to TRP1 and the PUSCH to TRP2 are associated with two HARQ process IDs, the 2nd PUSCH transmission are allowed to be transmitted before the end of the 1st PUSCH.
 
Proposal 12: To support simultaneous multi-panel PUSCH repetition (the PUSCH to TRP1 and the PUSCH to TRP2 are associated with the same HARQ process ID), the DCI that schedules the 2nd PUSCH repetition are allowed to be received before the beginning of the 1st PUSCH.

Proposal 13: To reduce the bit field overhead in DCI for mTRP UL transmission, transmission schemes should be identified and indicated in the DCI, and the DCI fields can be designed according to the transmission schemes.

Proposal 14: For simultaneous multi-panel transmit power control, support equal power splitting of total maximum transmit power, and power splitting of the total maximum transmit power with a variable power splitting fraction if the UE is capable. 
Proposal 15: For multi-TRP PUCCH power control under unified TCI framework, study the following two options. 
Option-1: Use the PUCCH spatial relation activation/deactivation MAC CE to activate or deactivate PUCCH spatial relation(s) and map the PUCCH spatial relation(s) to TCI state IDs. 
Option-2: Use a new TCI states activation/deactivation MAC CE to active or deactivate TCI state(s).
And the power control parameters such as closed loop index, p0, and PL-RS are determined based on TCI state ID.
Proposal 16: For multi-TRP PUSCH open loop power control under unified TCI framework, study the following two options. 
Option-1: Map the TCI states to SRIs and apply the Rel-17 open loop power control rules. 
Option-2: Map TCI states to the p0 values. If the OLPC field value is ‘0’, UE determines p0 from a mapping between the indicated TCI state ID and p0 value in RRC configuration for unified TCI state. And if the If the OLPC field value is ‘1’, the TCI state ID(s) is mapped to ‘P0-PUSCH-SetId-r16’ in ‘P0-PUSCH-Set-r16’.
Proposal 17: For multi-TRP PUSCH PL-RS update under unified TCI framework, study the following two options. 
Option-1: Map the TCI states to SRIs and update PUSCH PL-RS according to Rel-17 method. 
Option-2: A new RRC parameter ‘enablePL-RS-UpdateForPUSCH-TCI’ is configured. If the UE is provided ‘enablePL-RS-UpdateForPUSCH-TCI’, a mapping between TCI state ID and ‘PUSCH-PathlossReferenceRS-Id’ values can be updated by a TCI-based PUSCH PL-RS activation/deactivation MAC CE.
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Figure 6.1.3.18-1: PUCCH spatial relation Activation/Deactivation MAC CE
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Figure 6.1.3.28-1: PUSCH Pathloss Reference RS Update MAC CE




