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Introduction
1. 
In this paper, we share our views on unified TCI framework extension for multi-TRP including some FFS issues from the previous meeting.
Unified TCI framework extension for multi-TRP
Max number and supported combinations of indicated TCI states
Regarding the target use cases and the maximum number of TCI states for unified TCI framework extension, following agreements were achieved in previous meetings:
	Agreement (RAN1 110)
On unified TCI framework extension, at least for the target use cases agreed in RAN1#109-e in AI 9.1.1.1, up to 4 TCI states can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list to DL receptions and/or UL transmissions, where these TCI states are indicated/updated by MAC-CE/DCI with the necessary MAC-CE based TCI state activation
· FFS: The possible combination(s) of joint/DL/UL TCI states that can be indicated to DL receptions and/or UL transmissions in a BWP/CC/TRP
· Note: This agreement does not imply that there will be more than 2 DL or UL or joint TCI states indicated in a CC/BWP for the target use cases agreed in RAN1#109-e in AI 9.1.1.1
· Note: The maximum number of TCI states that can be indicated to each of the target use cases agreed in RAN1#109-e in AI 9.1.1.1 is remained the same as in Rel-16/17
Note: The maximum number of TCI states that can be indicated simultaneously to CJT-based PDSCH reception and the required type(s) of TCI states (i.e., DL /UL/joint) are independently discussed in this AI

Agreement (RAN1 109-e)
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 




[bookmark: _Ref115126567]Target use cases agreed in AI 9.1.1.1 in RAN1#109-e
In the last meeting, it was agreed that up to 4 TCI states can be indicated in a CC/BWP or a set of CCs/BWPs in a CC list. The possible combination(s) of joint/DL/UL TCI states that can be indicated to DL receptions and/or UL transmissions in a BWP/CC/TRP was left for further study. In our view, first, it should be clarified that the list of indicated TCI states and the list of applicable TCI states are different: for a UE to perform m-TRP based DL reception and UL transmission under the unified TCI regime, depending on whether the separate TCI mode is configured for no, one, or both TRP(s), one of the following sets of TCI state combinations is applicable.

Table 1: Applicable TCI state combinations for different TCI mode configurations
	TCI mode configuration
	Separate TCI mode configured for both TRPs
	separate TCI mode configured for only one of the two TRPs
	separate TCI mode  not configured for either of the two TRPs

	Applicable TCI state combinations
	2 DL TCI states + 2 UL TCI states
	1 UL TCI state + 1 DL TCI state + 1 joint TCI state

	2 joint TCI states



However, for each TCI mode configuration, gNB may use DCI/MAC-CE to indicate only a part or all of the TCI states listed above. In particular, the possible TCI state combination(s) that can be indicated to the UE are as follows: 

Table 2: Possible indicated TCI state combinations for different TCI mode configurations
	TCI mode configuration
	Separate TCI mode configured for both TRPs
	separate TCI mode configured for only one of the two TRPs
	separate TCI mode  not configured for either of the two TRPs

	Possible indicated TCI state combinations
	· 1 DL TCI state
· [bookmark: _Hlk115116686]1 UL TCI state
· 1 DL TCI state + 1 UL TCI state
· 2 DL TCI state
· 2 UL TCI state
· 2 DL TCI state + 1 UL TCI state
· 2 UL TCI state + 1 UL TCI state
· 2 DL TCI state + 2 UL TCI state

	· 1 DL TCI state
· 1 UL TCI state
· 1 joint TCI state
· 1 joint TCI state + 1 DL TCI state
· 1 joint TCI state + 1 UL TCI state

	· 1 joint TCI state
· 2 joint TCI state




Note that, similar to the Rel-17 behavior for the s-TRP scenario, for each TCI mode configuration, if gNB indicates only a subset of applicable TCI states, UE keeps applying the current TCI states for the subset of TCI states that are not indicated in the last MAC-CE/DCI. For instance, if the separate TCI mode is configured for both TRPs and only one UL TCI state for TRP2 is indicated in the last MAC-CE/DCI, the UE keeps applying the current TCI states for the DL TCI state for TRP2 as well as the UL and DL TCI states of TRP1. Further, note that we do not need to independently discuss the case of DL-only TRPs, as the possible indicated TCI state combinations for DL-only TRPs is a subset of possible indicated TCI state combinations for the TRPs that support both DL and UL.
Observation 1: Similar to the Rel-17 behavior for the s-TRP scenario, for each TCI mode configuration, if gNB indicates only a subset of applicable TCI states, UE keeps applying the current TCI states for the subset of TCI states that are not indicated in the last MAC-CE/DCI.
Observation 2: It is not necessary to independently discuss the possible indicated TCI state combinations for case of DL-only TRPs, as the possible indicated TCI state combinations for DL-only TRPs is a subset of possible indicated TCI state combinations for the TRPs that support both DL and UL.
Proposal 1: For each TCI mode configuration, gNB may use DCI/MAC-CE to indicate only a part or all of the applicable TCI states. The possible TCI state combination(s) that can be indicated to the UE are as follows.
	TCI mode configuration
	Separate TCI mode configured for both TRPs
	separate TCI mode configured for only one of the two TRPs
	separate TCI mode not configured for either of the two TRPs

	Possible indicated TCI state combinations
	· 1 DL TCI state
· 1 UL TCI state
· 1 DL TCI state + 1 UL TCI state
· 2 DL TCI state
· 2 UL TCI state
· 2 DL TCI state + 1 UL TCI state
· 2 UL TCI state + 1 UL TCI state
· 2 DL TCI state + 2 UL TCI state

	· 1 DL TCI state
· 1 UL TCI state
· 1 joint TCI state
· 1 joint TCI state + 1 DL TCI state
· 1 joint TCI state + 1 UL TCI state

	· 1 joint TCI state
· 2 joint TCI state



Rel-18 mTRP CJT
In RAN1#109e, it has been agreed to support up to four cooperating TRPs for CJT-based CSI report. Further, it was agreed in RAN1#110 in AI 9.1.1.1 that “The maximum number of TCI states that can be indicated simultaneously to CJT-based PDSCH reception and the required type(s) of TCI states (i.e., DL /UL/joint) are independently discussed in this AI”. 
It has been argued by some companies that mTRP CJT may be supported with only one indicated TCI state. In our view, although mTRP CJT may still be functional with only one indicated TCI state in theory, such a solution requires a UE-specific TRS transmission and, as a result, a prohibitive overhead at the network side. To explain this, let us assume the CJT TRP set for UE1 is TRP1, TRP2, TRP3, and TRP4. In theory, it is possible that only one TCI state is indicated to the UE1 and TRP1, TRP2, TRP3, and TRP4 coherently send the same TRS (with the same configuration) to UE1. The coherently transmitted TRSs are mixed over the air and UE receives the mixed effect, calculates the delay/doppler average and uses these measurements to receive the CJTed DL channel. The problem is that, there may also be a UE2 whose TRP set is, say, TRP2, TR3, TRP4, and TRP5. The question is, can the same TRS that is transmitted for UE1 also be transmitted for UE2? If the same TRS configuration is used for both UE1 and UE2, then TRP 5 also sends the same TRS signal along with TRP1, …, TRP4. The problem is that the TRS from TRP5 would also be mixed with those of TR1, …, TRP4. Therefore, delay/doppler average that are calculated at UE1 would be the delay/Doppler average wrt (TRP1,…, TRP5) instead of the correct set of (TRP1,…, TRP4). Similarly, the delay/doppler average that is calculated at UE2 would be the delay/Doppler average wrt (TRP1,…, TRP5) instead of the correct set of (TRP2,…, TRP5). As a result, both calculated pairs of (average delay, average doppler) at UE1 and UE2 would be incorrect. Clearly, this is only a toy example and the above problem would be exacerbated as the number of TRPs and UEs in the network increase. To avoid such erroneous (average delay, average doppler) estimations at the UE side while still maintaining one TRS transmission (or one TCI state indication) per UE, the network has to resort to the transmission of UE-specific TRS: One TRS is configured for UE1 and is coherently transmitted from the corresponding TRP set (TRP1,…,TRP4) and another TRS is configured for UE2 and is coherently transmitted from the corresponding TRP set (TRP2,…,TRP5). However, such a solution causes a problem of its own as TRP2, TRP3, TRP4 now have to transmit two TRSs:  One for UE1 and one for UE2. In other words, the TRPs would need to transmit UE-specific TRSs. Again, above is only a toy example: In general, if TRPx is in the CJT transmission set of n UEs, it would have to transmit n different TRSs each configured for one of the n UEs. Therefore, such a solution would cause a prohibitive overhead at the network side and should be avoided. 
Observation 3: For Rel-18 mTRP CJT, as different UEs are associated with different coherent TRP sets, transmitting TRS coherently requires the UE-specific TRS transmission which entails a prohibitive TRS overhead in MU-MIMO scenario.

To avoid such a problem, each TRP should transmit a cell-specific TRS as in the legacy releases: Each TRP sends one TRS over the whole network and UE is indicated with one TCI state per each of the TRPs in its CJT TRP set. Consequently, UE measures the cell-specific TRSs of every TRP in its CJT TRP set to calculate the correct average delay and doppler of the CJT TRP set.  
System level simulation results are also provided in Table 3 to illustrate the proportion of the UEs connected to different numbers of TRPs assuming that the RSRP gap between coherent TRPs is 10dB. It can be observed that 19.5% of the UEs are connected to 3 TRPs and 22.9% of the UEs are connected to 4 TRPs which means that a large proportion of the UEs are connected to more than two TRPs. Therefore, as the maximum number of the supported TCI states under current mTRP framework is 2, extending the maximum number of indicated TCI states for the 4 TRP CJT transmission scheme should be considered. 

Table 3: The proportion of UEs connected to different numbers of TRPs
	Number of connected TRPs
	1
	2
	3
	4

	UE proportion
	30.0%
	27.6%
	19.5%
	22.9%



Based on the above analysis, we prefer to support 4 TCI state for the 4 TRP based CJT transmission. As CJT transmission is only adopted in downlink, supporting 4 DL TCI state is enough. There is no need to support 4 joint TCI state or 4 UL TCI state for CJT. Therefore, we suggest the following proposal: 
Proposal 2: For CJT based mTRP operation at least for FR1, support up to 4 indicated DL TCI states per BWP per CC.
RRC configuration of TCI states
In Rel-17, the TCI state pool configuration for unified TCI was discussed for sTRP case. Subject to a UE capability, the maximum number of configured TCI states is 128 for DL or joint TCI states and is 64 for UL TCI states per BWP per CC. For the extension of unified TCI to mTRP, we think the TCI state pool should also be configured per BWP per CC, rather than per TRP. 
Since Rel-16, TCI state configuration for mTRP scenario is per BWP per CC. It can avoid introducing a TRP like ID and TRP is transparent to UE in TCI configuration. To avoid complicating the whole TCI framework, legacy TCI framework and the unified TCI framework for mTRP should use similar design principles and, therefore, TCI state configuration should also be per BWP per CC for unified TCI in mTRP scenario.
Proposal 3: For unified TCI framework extension to mTRP, support configuration of a single DL/joint TCI state pool and/or a UL TCI state pool per BWP per CC similar to the legacy TCI framework.
In Rel-17 unified TCI framework, two TCI state modes are applicable: joint and separate DL/UL. The DL and joint TCI states share the same pool while UL TCI states are separately configured. For a UE, both UL TCI states and DL/joint TCI states can be configured simultaneously. The network can select one of the joint or separate DL/UL TCI state modes for a UE by setting the configuration unifiedTCI stateType in ServingCellConfig. The separate DL/UL TCI modes serves the scenario where the correspondence between DL and UL beams does not hold due to, for instance, the MPE restrictions. As discussed in Section 2.1.1, the UE requires to apply two (pairs of) TCI states in the unified TCI framework for two TRPs. It is possible that UL and DL beam correspondence holds only for one of the two beam pair links. As an example, the MPE restriction may only be applicable to one UE panel whose UL beam is towards a single TRP. In such a case, the beam pair link between UE’s other panel and other TRP should not be impacted. It is therefore beneficial to support per TRP TCI state mode configuration for the sake of transmission flexibility.
Proposal 4: Support per-TRP TCI state mode configuration, that is, support the combination of indicated “joint” TCI state for one TRP and “separate” UL/DL TCI states for the other TRP.
TCI states activation, indication and association for m-DCI based transmission schemes
For M-DCI based MTRP, RAN1 has the following agreement during the last meeting:
	Agreement (RAN1 109-e)
On unified TCI framework extension for M-DCI based MTRP, consider the following alternatives for TCI state update:
· Alt1: Reuse the same TCI state update scheme for S-DCI based MTRP
· Alt2: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate the joint/DL/UL TCI state(s) corresponding to the same CORESETPoolIndex value
· Alt3: Use the existing TCI field in any DCI format 1_1/1_2 (with or without DL assignment) to indicate all joint/DL/UL TCI states corresponding to both CORESETPoolIndex values
· Study the association between the indicated joint/DL/UL TCI state(s) and a CORESETPoolIndex value
· Alt4: Use the existing TCI field in the DCI format 1_1/1_2 (with or without DL assignment) associated with one of CORESETPoolIndex values to indicate joint/DL/UL TCI state(s) corresponding to the same or different CORESETPoolIndex value.
· Study whether the indicated joint/DL/UL TCI state(s) applies to the channels/signals associated with the same CORESETPoolIndex value or different CORESETPoolIndex value is indicated by DCI




For mDCI based mTRP scenario in Rel-16, one reserved bit of the Rel-15 TCI state activation MAC-CE was used to indicate CORESETPoolIndex. Then, the TCI states activated by the MAC-CE are mapped to the TCI codepoints for the DCI corresponding to the CORESETPoolIndex in the MAC-CE. Similarly, in Rel-18 unified TCI extension for multi-TRP, one reserved bit of the Rel-17 unified TCI state activation MAC-CE can be used to indicate CORESETPoolIndex. 
Proposal 5: For mDCI based mTRP scenario, legacy unified TCI state activation MAC-CE can be reused to activate TCI state(s) corresponding to a CORESETPoolIndex indicated using a single bit field in the MAC-CE.
For mDCI based mTRP, similar to Rel-16, TCI field of a DCI should be mapped to the TCI state(s) activated by the MAC-CE corresponding to the same CORESETPoolIndex as the CORESET carrying the DCI. Then, the indicated TCI state is determined according to the codepoint of the TCI field. 
Proposal 6: In mDCI based mTRP scenario, TCI field of a DCI is mapped to the TCI state(s) activated by the MAC-CE corresponding to the same CORESETPoolIndex as that of the CORESET carrying the DCI. (Alt2 in RAN1 109-e agreement)
In mDCI scenario, PDSCH corresponding to each TRP is scheduled independently. Therefore, there is no need to use one DCI to indicate TCI states of both TRPs and, hence, Alt 1 and Alt 3 in RAN1 109-e agreement do not need to be supported. For Alt 4 in RAN1 109-e agreement, it was argued that it allows cross-TRP TCI indication. However, such a cross-TRP TCI indication may also be supported using Alt 2 in RAN1 109-e agreement by gNB implementation: Note that although each of the two TRPs is associated with one of the two CORESETpoolindex, the TRPs are still transparent to the UE. As such, assuming that CORESETPoolIndex x is associated with TRPx (x=0,1), TRP0 can still update the TCI states associated with TRP1 by sending a MAC-CE with CORESETPoolIndex field equal to 1. DCI format 1_1/1_2 in Rel-17 can be reused which includes one TCI field to indicate the codepoint mapped by the corresponding MAC-CE. Similarly, a DCI that is carried in a CORESET with CORESETPoolIndex equal to 1 may be transmitted from TRP 0. Note that since the CORESETPoolIndex is configured, UE could determine that only one TCI field is included in the DCI.
For the mDCI based NCJT transmission, since the two unified TCI states are indicated by two DCIs each of which corresponding to one of the two different CORESETPoolIndexes, for simplicity, the TCI state indicated by a DCI corresponding to a CORESETPoolIndex should be applied to the PDSCH scheduled by a DCI corresponding to the same CORESETPoolIndex.
Proposal 7: For mDCI based NCJT transmission, the TCI state indicated by a DCI corresponding to a CORESETPoolIndex should be applied to the PDSCH scheduled by a DCI corresponding to the same CORESETPoolIndex. 
TCI states activation, indication and association for s-DCI based transmission schemes
TCI state activation/indication in MAC-CE
For sDCI based mTRP scenario in Rel-17, one TCI codepoint can be used to indicate up to two TCI states (UL+DL) for one TRP. In Rel-18 unified TCI framework with two TRPs, up to 4 TCI states may need to be indicated in sDCI based mTRP scenario. To indicate up to 4 TCI states for two TRPs, the following alternative solutions may be considered. 
· Alt. 1: Up to 4 TCI states (two UL + DL TCI state pairs for two TRPs) can be indicated by one TCI codepoint
· Alt. 2: Up to 2 TCI states (one UL + DL TCI state pair for one TRP) can be indicated by one TCI codepoint
In Alt. 1, two UL + DL TCI state pairs for two TRPs can be indicated by one TCI codepoint and no spec change is needed for DCI design. However, Alt. 1 has the following disadvantages:
A) Specification effort for the MAC-CE design: Alt. 1 requires a large spec change in MAC-CE design and TCI codepoint mapping for the sDCI case. In Rel-17 unified TCI states activation/deactivation MAC-CE, one or two TCI states are mapped to a single TCI field codepoint. A single bit Pi per codepoint is used to indicate whether one or two TCI states are mapped to the codepoint i. Further, a single D/U bit is used per TCI state to indicate whether the TCI state is for joint/DL or for UL. If Alt. 1 is used, one, two, three, or four TCI states would be mapped to a single TCI field codepoint and various combinations of UL, DL, and joint TCI states should be supported per TCI field codepoint. Therefore, the current MAC-CE design may need to be substantially changed.
B) MAC-CE overhead: In addition, if Alt. 1 is supported, the MAC-CE overhead can be very large. If MAC-CE is designed based on Alt. 1, it activates up to 8 TCI state combinations where each combination includes up to 4 TCI states. This substantially increases the payload of the MAC-CE compared to the Rel-17 unified TCI state MAC-CE. 
C) Frequent MAC-CE transmission: If Alt. 1 is used, with 8 activated TCI state combinations in total over two links, the number of activated TCI states (or TCI state pairs) for each link can be very limited. Table 4 shows an example of the activated TCI state combinations in MAC-CE with 4 TCI states per TCI field codepoint according to Alt. 1. As can be observed, only two pairs of (DL, UL) TCI states ={(#5,#7), (#6,#7)} can be activated for the UE-TRP2 link. In such a case, once the best UL TCI state of the link towards TRP2 changes from UL TCI state #7 due to UE mobility, none of the 8 activated TCI state combinations would be applicable and a new MAC-CE needs to be transmitted to activate a new set of TCI state combinations. Considering the large payload of the Alt.1 based MAC-CE, the overhead of such frequent transmission is unacceptable.   
Table 4: Example of activated TCI state combinations in MAC-CE with 4 TCI state per TCI field codepoint
	TRP1 DL
	TRP1 UL
	TRP2 DL
	TRP2 UL

	#1
	#3
	#5
	#7

	#1
	#3
	#6
	#7

	#1
	#4
	#5
	#7

	#1
	#4
	#6
	#7

	#2
	#3
	#5
	#7

	#2
	#3
	#6
	#7

	#2
	#4
	#5
	#7

	#2
	#4
	#6
	#7


     
The only advantage of Alt. 1 is that it enables simultaneous TCI state activation/indication for the two TRPs. However, the channel change of the two TRPs are typically independent during UE mobility and the probability that the TCI states of both TRPs need to be updated exactly in the same slot is very low. Hence, simultaneous TCI state activation for two TRPs is not necessary. 
For Alt. 2, each TCI codepoint is mapped to TCI state(s) of one TRP and, therefore, the legacy MAC-CE can be directly or with slight changes reused. Further, payload of the MAC-CE is smaller than that of the Alt. 1 based MAC-CE. Finally, compared to Alt. 1 based MAC-CE, gNB needs to less frequently transmit MAC-CE to update the TCI state combinations. This is because all of the activated 8 TCI state combinations in each MAC-CE transmission correspond to only one link (one TRP) as opposed to two TRPs in the Alt. 1 based MAC-CE. Therefore, as shown as an example in Table 5, the number of activated TCI state combinations per link (TRP) is larger than in Alt. 1 based MAC-CE and, thus, the probability that the new best TCI state combination is not one of the currently activated 8 combinations is lower than that of Alt. 1 based MAC-CE. Hence, the overall overhead of MAC-CE transmission in Alt. 2 is lower than that of Alt. 1.
Table 5 Example of activated TCI state combinations in MAC-CE with 2 TCI state per TCI field codepoint 
	TRP1 DL
	TRP1 UL

	#1
	#4

	#1
	#5

	#1
	#6

	#2
	#4

	#2
	#5

	#2
	#6

	#3
	#4

	#3
	#5



Observation 4: Mapping of up to four TCI states (two UL + DL TCI state pairs for two TRPs) to one TCI field codepoint results in a large specification impact, MAC-CE payload, and MAC-CE signaling overhead. 
Proposal 8: For sDCI based mTRP scenario, support mapping up to two TCI states of the same TRP to each TCI codepoint.

Figure 1: Legacy unified TCI activation MAC-CE
Mapping of up to two TCI states of the same TRP to each TCI codepoint is already supported by Rel-17 unified TCI activation MAC-CE (Fig. 1). The only required modification to Rel-17 unified TCI activation MAC-CE is to use, for instance, the first reserved bit as a field to indicate that the activated set of TCI states correspond to which TRP. 
Note also that if above design is used, a single MAC-CE design can be used for the TCI state activation for both sDCI based and mDCI based mTRP scenarios: In mDCI based mTRP scenario,  CORESETPoolIndex is configured and the UE interprets the single bit field in MAC-CE as the CORESETPoolIndex while, in sDCI based mTRP scenario, CORESETPoolIndex is not configured and the UE uses the single bit field in MAC-CE to differentiate the two TRPs. Regarding the TCI fields in the DCI for sDCI based mTRP, RRC configuration could be used for UE to determine either one or two TCI fields exist in the DCI format 1_1/1_2. 
Proposal 9: For sDCI based mTRP scenario, Rel-17 unified TCI state activation MAC-CE can be reused to activate TCI state(s) of a TRP with the following slight modification: The first reserved bit of the MAC-CE is used to associate the MAC-CE to either of the two TRPs.
Observation 5: For sDCI based mTRP scenario, if the MAC-CE maps up to two TCI states of the same TRP to each TCI codepoint, a single MAC-CE design can be used for the TCI state activation for both sDCI based and mDCI based mTRP scenarios.
In Rel-17, both DCI based and MAC-CE based TCI state indications are supported. In MAC-CE based TCI state indication, one joint TCI state or one pair of UL+DL TCI states can be indicated. Similarly, in Rel-18, MAC-CE based TCI state indication for mTRP case should also be supported. If the activation MAC-CE maps TCI state(s) to only one codepoint, the UE shall apply the indicated TCI state(s) in MAC-CE.
Proposal 10: Similar to the unified TCI state framework in Rel-17, the MAC-CE only based TCI state indication for mTRP should be supported.
TCI state indication in DCI
[bookmark: _Hlk113629506]For sDCI based mTRP, following our discussion in Section 2.4.1, one TCI codepoint is used to indicate TCI state(s) of one TRP. In order to indicate TCI state(s) of two TRPs, another TCI field can be introduced in the DCI, with the first and the second TCI fields mapped to the TCI states activated by the MAC-CE with the first bit equal to 0 and 1, respectively. 
Proposal 11: In sDCI based mTRP scenario, another TCI field can be introduced in the DCI, with the first and the second TCI fields mapped to the TCI states activated by the MAC-CE with the first bit equal to 0 and 1, respectively.
TCI state association/mapping
The TCI state association/mapping between indicated TCI states and channels for two TRPs was discussed in the previous meetings. Considering that transmission patterns/schemes for different channels are different, different association/mapping rules may be needed for different channels. The common point for different channels is that there is always two indicated joint TCI states, two pairs of indicated (UL, DL) TCI states, or one indicated joint TCI state and one pair of indicated (UL, DL) TCI states for the two TRP transmission/reception scenarios. The main issue is how to associate/map the corresponding TCI state(s) to each channel. In the following, we discuss this issue case by case.
PDCCH
Following agreement on S-DCI based MTRP was achieved in the last meeting:
	Agreement (RAN1 110)
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, down-selection at least one alternative from the followings:
· Alt1-1: Use RRC parameter(s) in a CORESET configuration to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on the CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
· Alt1-2: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/DL TCI state(s) is associated with each CORESET group
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the CORESET group(s)
· FFS: How to associate the indicated joint/DL TCI state(s) with each CORESET group
· FFS: The UE applies the indicated joint/DL TCI state(s) to a CORESET according to the CORESET group(s) the CORESET belongs to, or the UE applies the indicated joint/DL TCI state(s) associated with the CORESET group(s) in which the beam indication DCI is received to all PDCCH receptions
· Alt2: The association between a CORESET and the indicated joint/DL TCI state(s) is determined based on a fixed rule, and the UE shall apply the indicated joint/DL TCI state(s) to the corresponding PDCCH receptions on the CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
· Alt3: Use MAC-CE to inform the UE whether and/or which indicated joint/DL TCI state(s) shall be applied to the corresponding PDCCH receptions on a CORESET
· FFS: Whether only the CORESET(s) that always/can share the unified TCI state as defined in Rel-17 unified TCI framework can be associated with the joint/DL TCI state(s) indicated by DCI/MAC-CE
Switching between multi-TRP and single TRP operation is not precluded




For PDCCH, the basic issue is how can UE determine TCI state(s) used for PDCCH transmission. Since TCI state(s) of PDCCH is determined based on the CORESET corresponding to the PDCCH, the basic issue can be interpreted as how to determine TCI state(s) for each CORESET. There are several transmission schemes of PDCCH, including sTRP based PDCCH transmission, mTRP based PDCCH repetition and SFN based PDCCH transmission. For sTRP based PDCCH transmission, PDCCH is transmitted by one TRP based on one CORESET. Hence, for the CORESET used for sTRP based PDCCH transmission, only one of the two indicated joint/DL TCI states is used. For mTRP based PDCCH repetition, two PDCCH duplicates are transmitted by two TRPs based on two CORESETs with linked search spaces. Hence, one of the two indicated joint/DL TCI states is adopted for one CORESET and the other indicated joint/DL TCI state is adopted for the other CORESET. For SFN based PDCCH transmission, the same PDCCH signal is transmitted by two TRPs based on one CORESET. Hence, the both indicated joint/DL TCI states should be adopted for the CORESET.
Based on the above analysis, for CORESETs corresponding to different PDCCH transmission schemes, different TCI state(s) should be assumed. In the last meeting, four alternatives were listed for UE to determine the TCI state(s) of each CORESET. Generally, to allow for flexibility of gNB implementation, RRC/MAC-CE based indication should be supported. For example, a new RRC parameter can be introduced in the configuration of CORESET to indicate that whether the first or the second or both indicated joint/DL TCI states should be adopted for the CORESET. In particular, for sTRP based PDCCH transmission, the corresponding CORESET can be configured to adopt the first or the second indicated joint/DL TCI state. In turn, for SFN based PDCCH transmission, the corresponding CORESET can be configured to adopt both of the indicated joint/DL TCI state. 
Proposal 12: RRC (Alt 1-1) or MAC-CE (Alt 3) based signaling can be used to indicate whether a CORESET should adopt the first or the second or both two indicated joint/DL TCI states.
PDSCH
In Rel-18 unified TCI framework with mTRP scenario, since two joint/DL TCI states are indicated, gNB should further determine whether one or both indicated joint/DL TCI states are applicable to the scheduled PDSCH transmission. In Rel-17 PUSCH repetition, an SRS resource set indicator field was introduced in the uplink scheduling DCI which uses two bits to indicate which one or both SRIs/TPMIs are applicable to the scheduled PUSCH transmission. To support dynamic sTRP/mTRP switch for the PDSCH reception, a new field similar to the SRS resource set indicator field can be introduced in the downlink scheduling DCI to indicate the applicable TCI state(s) for the scheduled PDSCH. Table 6 provides an example for the mapping of the codepoints of this field to the applicable TCI state(s) for PDSCH reception from two TRPs.
Table 6: An example of the TCI state selection field for PDSCH reception from two TRPs
	Codepoint of the new field
	TCI state applicable to the scheduled PDSCH

	00
	1st TCI state

	01
	2nd TCI state

	10
	1st and 2nd TCI states

	11
	reserved



Proposal 13: A new field can be introduced in DCI 1_1/1_2 to indicate which one or both indicated joint/DL TCI states are applied for the scheduled PDSCH transmission.

In Rel-16 sDCI based PDSCH transmission, different layers of the PDSCH are transmitted from different TRPs. DMRS ports of two CDM groups are scheduled and each TCI state is associated with one DMRS CDM group. Such a mapping rule can be reused in unified TCI framework. For instance, with two indicated joint/DL TCI states for 2 TRPs, the 1st TCI state can be associated with the 1st DMRS CDM group and the 2nd TCI state could be associated with the 2nd DMRS CDM group.
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Figure 2: TCI states mapping for NCJT PDSCH for 2-TRP case
Proposal 14: For sDCI based PDSCH transmission for two TRPs in unified TCI framework, the first indicated joint/DL TCI state is associated with the first CDM group and the second indicated joint/DL TCI state is associated with the second CDM group.
In addition to the sDCI and mDCI based NCJT transmissions, inter-slot based PDSCH repetition is also supported in the current specification where the number of repetitions can be up to 16. The UE may expect to be indicated with one or two TCI states. When two TCI states are indicated, the mapping of each TCI state to each PDSCH repetition can be sequential (i.e., 1, 1, 2, 2, 1, 1, 2, 2…) or cyclic (i.e., 1, 2, 1, 2, 1, 2, 1, 2…). In our view, similar mapping mechanisms as in the legacy releases can be supported between the indicated unified TCI states and the inter-slot based PDSCH repetitions in Rel-18. 
Proposal 15: Inter-slot based PDSCH repetition supports both sequential mapping and cyclic mapping of the indicated unified TCI states. 
PUCCH
Regarding the PUCCH for S-DCI based MTRP, the following agreement was achieved:
	Agreement (RAN1 110)
On unified TCI framework extension for S-DCI based MTRP, to inform the association with joint/UL TCI state(s) indicated by DCI/MAC-CE for PUCCH transmission, down-selection at least one alternative from the followings:
1. Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
2. Alt2: Use RRC configuration to inform the association between a CORESET group and a PUCCH resource/group, and the indicated joint/UL TCI state(s) associated with the CORESET group applies to the PUCCH resource/group
3. Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
4. Alt4: Use DCI to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group




Similar to PDCCH, different PUCCH transmission schemes are supported in current specification, including sTRP based PUCCH repetition and mTRP based PUCCH repetition. For sTRP based PUCCH transmission, one of the two indicated joint/UL TCI states is adopted for the PUCCH resource. For mTRP based PUCCH repetition, both indicated joint/UL TCI states are adopted for the PUCCH resource. gNB should indicate to the UE that each PUCCH should adopt the first or the second or both joint/UL TCI states. Four alternatives were agreed for down selection. Among these four alternatives, RRC (Alt 1) or MAC-CE (Alt 3) based indication seem reasonable. DCI based indication is not preferred as TCI state/spatial relation of PUCCH was indicated by MAC-CE since Rel-15. Another RRC based indication (Alt 2) is not preferred as it seems more complicated.
Proposal 16: RRC (Alt 1) or MAC-CE (Alt 3) based signaling can be used to indicate whether a PUCCH should adopt the first or the second or both two indicated Joint/UL TCI states.
For PUCCH repetition, sequential mapping (i.e., 1, 1, 2, 2, 1, 1, 2, 2…) or cyclic mapping (i.e., 1, 2, 1, 2, 1, 2, 1, 2…) of spatial relation can be configured by gNB in the legacy framework. Similarly, under unified TCI framework, both mapping rules should be supported and, depending on the RRC configuration, the indicated TCI states can be mapped to PUCCH repetitions based on sequential mapping or cyclic mapping.
Proposal 17: PUCCH repetition supports both sequential mapping and cyclic mapping of the indicated unified TCI states. 
PUSCH
Several alternatives on PUSCH for S-DCI based MTRP were agreed to be down-selected during last meeting:
	Agreement (RAN1 110)
On unified TCI framework extension for S-DCI based MTRP, for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2, down-selection one alternative from the followings:
1. Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in a DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
2. Alt2: PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 follows the spatial domain transmission filter(s) used for the SRS resource(s) indicated by the DCI format 0_1/0_2
3. Alt3: Use an RRC parameter in a CORESET configuration to inform that the CORESET belongs to which CORESET group(s), and the indicated joint/UL TCI state(s) is associated with each CORESET group. When a scheduling/activation DCI format 0_1/0_2 is received in a CORESET group, the indicated joint/UL TCI state(s) associated with the CORESET group is applied to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2
· FFS: Details of CORESET group(s)
FFS: PUSCH transmission scheduled/activated by a DCI format 0_0 and Type-1 CG-PUSCH




In legacy design until Rel-16, the SRI is used to determine transmission parameters of UL including precoding, power control and beam. In Rel-17, to support mTRP PUSCH repetition, a second SRI field was introduced. Further, a new SRS resource set indicator was included in the scheduling DCI to determine whether one or both of the two SRIs are applicable for the scheduled PUSCH. To avoid a mismatch between beam and MIMO parameters for UL transmission, we believe that UE should always apply the spatial domain transmission filter associated with the indicated SRI(s) for UL transmission irrespective to the indicated TCI states.
Proposal 18: For mTRP based PUSCH repetition, UE applies the spatial domain transmission filter(s) associated with the indicated SRI(s) for UL transmission irrespective to the indicated TCI states.
Similar to PUCCH repetition, sequential mapping (i.e., 1, 1, 2, 2, 1, 1, 2, 2…) or cyclic mapping (i.e., 1, 2, 1, 2, 1, 2, 1, 2…) of spatial relation can be configured by gNB for Rel-17 mTRP based PUSCH repetition. Under the unified TCI framework, both legacy mapping rules should still be supported.
Proposal 19: PUSCH repetition supports both sequential mapping and cyclic mapping under unified TCI framework.
Other potential enhancements
Extension of unified TCI on BFD/BFR
In Rel-17, per-TRP based BFR is supported for mTRP regime by introducing per-TRP beam failure detection resource (BFD-RS) sets ,  and new beam identification resource (NBI-RS) sets  and . In mDCI based mTRP case, if UE is not provided BFD-RS by RRC, UE determines  and to include the QCL RS of the CORESETs corresponding to CORESETPoolIndex 0 and 1, respectively. However, in sDCI case, such implicit BFD-RS derivation is not supported as grouping of CORESETs is not supported. In Rel-18, UE can be indicated with two joint/DL TCI states for two TRPs. In order to support implicit BFD-RS derivation for both mDCI and sDCI based mTRP cases, the two indicated joint/DL TCI states can be used to determine implicit BFD-RS of two TPRs when BFD-RS sets are not explicitly configured. In particular, UE assume  and to include the QCL RS of the first and second indicated joint/DL TCI state, respectively.
Proposal 20: If UE is indicated with two joint/DL TCI states and not configured with  and , UE assume  and  to include QCL RS of the first and second joint/DL TCI state, respectively.

Extension of unified TCI for mTRP multi-CC scenario
In Rel-17, common TCI state update was supported in unified TCI. Multiple CCs can be configured in a list where one of CCs in the list is configured as the reference CC. When configured with a simultaneous unified TCI update, a TCI update command on the reference CC is applied to all CCs in the same list. To extend the multi-CC unified TCI update mechanism to the mTRP case, two scenarios can be considered. In one scenario, a UE is configured with multiple CCs all of which are operating in the mTRP regime as in the left subfigure of following Figure 3. In another scenario, some of the CCs are operating in the sTRP regime while some other CCs are operating in the mTRP regime. This is illustrated in the right subfigure of Figure 3. In the latter case, it should be clarified how to group CCs for a common TCI state update. For instance, if CC1 in the right subfigure is configured with mTRP and is in a list whose reference CC2 operates in the sTRP regime and, further, a MAC-CE unified TCI activation command is received for CC2, it should be clarified for the UE which one of the two indicated TCIs of CC1 needs to be updated. We believe that a simple rule can be specified to avoid any ambiguity. Note that an alternative solution is to configure sTRP and mTRP based CCs in different CC lists. However, such a solution results in an increase in the number of CC lists and a higher signaling overhead.

Proposal 21: Consider enhancements for common TCI state update for mTRP where sTRP and mTRP CCs can be configured in the same CC list.
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Figure 3: Two possible multi-CC configuration with mTRP
Extension of unified TCI state to SPS/CG
For SPS based PDSCH or CG based PUSCH transmission, a solution needs to be agreed to determine which one or both of the indicated TCI-states should be used. One simple solution is to introduce an RRC parameter in the configuration of SPS/CG transmission to indicate that the first, the second or both indicated TCI-states are used for the SPS/CG transmission.
Proposal 22: Introduce an RRC parameter in the configuration of SPS/CG transmission to indicate the first, the second or both indicated TCI-states are used for the SPS/CG transmission.
Beam indication for STxMP
For the simultaneous multi-panel (STxMP) UL transmission objective in the WID, we believe that RAN1 first needs to study and justify its possible performance gain relative to baseline single panel UL transmission (TxSP) scheme and its application scenarios. Our companion paper [2] provides detailed analysis on scenarios and performance gain for STxMP. If RAN1 agrees that STxMP UL transmission needs to be specified in Rel-18, the beam indication mechanism for STxMP should also be developed. Our view is that the beam indication mechanism for STxMP UL transmission could be similar to the TDMed UL transmission as, for both cases, two UL beams (TCI states) need to be indicated. 
Proposal 23: RAN1 first needs to study and justify the performance gain of STxMP relative to single panel transmission and its application scenarios before specifying the beam indication mechanism for STxMP.  
UL power control enhancements for multi-TRP
On UL power control, we have the following agreement:
	Agreement (RAN1 109-e)
On unified TCI framework extension, if an indicated joint or UL TCI state applies to a PUSCH /PUCCH transmission occasion at least for S-DCI based PUSCH/PUCCH repetition with TDM and the indicated joint or UL TCI state is associated with an UL PC parameter setting for PUSCH /PUCCH (including P0, alpha for PUSCH , and closed loop index) and a PL-RS, the UE should apply the UL PC parameter setting and the PL-RS for the PUSCH /PUCCH transmission occasion.
· FFS: How to extend to other Rel-18 MTRP scheme(s) with STxMP, if supported 
· FFS: UL PC enhancement for CB and non-CB SRS in above case
FFS: The applied UL PC parameter setting if one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting (including P0, alpha for PUSCH, and closed loop index) for PUCCH/PUSCH 




Default power control parameters
In Rel-17, power control parameters setting includes up to three sets of {P0, alpha, close loop index} that can be associated to an UL TCI state or DL/Joint TCI state. There is no formal RAN1 agreement during Rel-17 for the case that no power control parameters configured in a TCI state in RAN1. RAN2 recognized this issue and added a set of default configuration under BWP-UplinkDedicated. This configuration provides power control parameters for PUCCH, PUSCH and SRS when UE is configured with the unified TCI state but UL power control is not configured for any of the unified UL TCI state or DL/Joint TCI states of the cell. Similar solution can be adopted and extended to mTRP case, i.e., if one or both TCI states do not associate with the PC parameters, UE can still be provided with the PC parameters in the BWP configuration. In other words, two sets of UL power control parameters can be configured in BWP-UplinkDedicated where each of two sets associates with a TRP and includes power control parameters for PUCCH, PUSCH and SRS.
Proposal 24: If one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting, use default power control parameters configured in BWP-UplinkDedicated similar to Rel-17.
Power control for STxMP
In current specifications, power control design assumes a single UL beam/panel based transmission. Although multi-TRP based UL transmission was supported in Rel-17, it is in a TDM mode and hence only one UL beam/panel is used for transmission at a time. In Rel-18, if STxMP is supported, the situation may be different as two UE panels may be used for simultaneous transmission. In such a case, power should be allocated for each panel and the sum of power for the two panels should be no greater than a Pcmax. Such a limitation is not considered in the current power control mechanisms.
UE panel architecture restrictions such as PA capability should also be considered in specifying the power control mechanism. In a typical structure where each UE panel is equipped with a PA unit, an independent power restriction should be applied for each panel due to the capability of each PA. Hence, comparing to the legacy power control mechanism where only a UE level maximum power limit is considered, a panel-level maximum power limit should also be introduced.
Proposal 25: If RAN1 agree that STxMP UL transmission needs to be specified in Rel-18, an independent power limit (Pcmax,i) for each panel as well as a sum power limit across two panels (Pcmax) should be considered when specifying power control mechanism for the STxMP UL transmission. 

Summary and conclusion
In this contribution, we observe and propose the following:
Observation 1: Similar to the Rel-17 behavior for the s-TRP scenario, for each TCI mode configuration, if gNB indicates only a subset of applicable TCI states, UE keeps applying the current TCI states for the subset of TCI states that are not indicated in the last MAC-CE/DCI.
Observation 2: It is not necessary to independently discuss the possible indicated TCI state combinations for case of DL-only TRPs, as the possible indicated TCI state combinations for DL-only TRPs is a subset of possible indicated TCI state combinations for the TRPs that support both DL and UL.
Observation 3: For Rel-18 mTRP CJT, as different UEs are associated with different coherent TRP sets, transmitting TRS coherently requires the UE-specific TRS transmission which entails a prohibitive TRS overhead in MU-MIMO scenario.
Observation 4: Mapping of up to four TCI states (two UL + DL TCI state pairs for two TRPs) to one TCI field codepoint results in a large specification impact, MAC-CE payload, and MAC-CE signaling overhead. 
Observation 5: For sDCI based mTRP scenario, if the MAC-CE maps up to two TCI states of the same TRP to each TCI codepoint, a single MAC-CE design can be used for the TCI state activation for both sDCI based and mDCI based mTRP scenarios.

Proposal 1: For each TCI mode configuration, gNB may use DCI/MAC-CE to indicate only a part or all of the applicable TCI states. The possible TCI state combination(s) that can be indicated to the UE are as follows.
	TCI mode configuration
	Separate TCI mode configured for both TRPs
	separate TCI mode configured for only one of the two TRPs
	separate TCI mode not configured for either of the two TRPs

	Possible indicated TCI state combinations
	· 1 DL TCI state
· 1 UL TCI state
· 1 DL TCI state + 1 UL TCI state
· 2 DL TCI state
· 2 UL TCI state
· 2 DL TCI state + 1 UL TCI state
· 2 UL TCI state + 1 UL TCI state
· 2 DL TCI state + 2 UL TCI state

	· 1 DL TCI state
· 1 UL TCI state
· 1 joint TCI state
· 1 joint TCI state + 1 DL TCI state
· 1 joint TCI state + 1 UL TCI state

	· 1 joint TCI state
· 2 joint TCI state




Proposal 2: For CJT based mTRP operation at least for FR1, support up to 4 indicated DL TCI states per BWP per CC.
Proposal 3: For unified TCI framework extension to mTRP, support configuration of a single DL/joint TCI state pool and/or a UL TCI state pool per BWP per CC similar to the legacy TCI framework.
Proposal 4: Support per-TRP TCI state mode configuration, that is, support the combination of indicated “joint” TCI state for one TRP and “separate” UL/DL TCI states for the other TRP.
Proposal 5: For mDCI based mTRP scenario, legacy unified TCI state activation MAC-CE can be reused to activate TCI state(s) corresponding to a CORESETPoolIndex indicated using a single bit field in the MAC-CE.
Proposal 6: In mDCI based mTRP scenario, TCI field of a DCI is mapped to the TCI state(s) activated by the MAC-CE corresponding to the same CORESETPoolIndex as that of the CORESET carrying the DCI. (Alt2 in RAN1 109-e agreement)
Proposal 7: For mDCI based NCJT transmission, the TCI state indicated by a DCI corresponding to a CORESETPoolIndex should be applied to the PDSCH scheduled by a DCI corresponding to the same CORESETPoolIndex. 
Proposal 8: For sDCI based mTRP scenario, support mapping up to two TCI states of the same TRP to each TCI codepoint.
Proposal 9: For sDCI based mTRP scenario, Rel-17 unified TCI state activation MAC-CE can be reused to activate TCI state(s) of a TRP with the following slight modification: The first reserved bit of the MAC-CE is used to associate the MAC-CE to either of the two TRPs.
Proposal 10: Similar to the unified TCI state framework in Rel-17, the MAC-CE only based TCI state indication for mTRP should be supported.
Proposal 11: In sDCI based mTRP scenario, another TCI field can be introduced in the DCI, with the first and the second TCI fields mapped to the TCI states activated by the MAC-CE with the first bit equal to 0 and 1, respectively.
Proposal 12: RRC (Alt 1-1) or MAC-CE (Alt 3) based signaling can be used to indicate whether a CORESET should adopt the first or the second or both two indicated joint/DL TCI states.
Proposal 13: A new field can be introduced in DCI 1_1/1_2 to indicate which one or both indicated joint/DL TCI states are applied for the scheduled PDSCH transmission.
Proposal 14: For sDCI based PDSCH transmission for two TRPs in unified TCI framework, the first indicated joint/DL TCI state is associated with the first CDM group and the second indicated joint/DL TCI state is associated with the second CDM group.
Proposal 15: Inter-slot based PDSCH repetition supports both sequential mapping and cyclic mapping of the indicated unified TCI states. 
Proposal 16: RRC (Alt 1) or MAC-CE (Alt 3) based signaling can be used to indicate whether a PUCCH should adopt the first or the second or both two indicated Joint/UL TCI states.
Proposal 17: PUCCH repetition supports both sequential mapping and cyclic mapping of the indicated unified TCI states. 
Proposal 18: For mTRP based PUSCH repetition, UE applies the spatial domain transmission filter(s) associated with the indicated SRI(s) for UL transmission irrespective to the indicated TCI states.
Proposal 19: PUSCH repetition supports both sequential mapping and cyclic mapping under unified TCI framework.
Proposal 20: If UE is indicated with two joint/DL TCI states and not configured with  and , UE assume  and  to include QCL RS of the first and second joint/DL TCI state, respectively.
Proposal 21: Consider enhancements for common TCI state update for mTRP where sTRP and mTRP CCs can be configured in the same CC list.
Proposal 22: Introduce an RRC parameter in the configuration of SPS/CG transmission to indicate the first, the second or both indicated TCI-states are used for the SPS/CG transmission.
Proposal 23: RAN1 first needs to study and justify the performance gain of STxMP relative to single panel transmission and its application scenarios before specifying the beam indication mechanism for STxMP.  
Proposal 24: If one or both indicated joint or UL TCI state(s) is not associated with an UL PC parameter setting, use default power control parameters configured in BWP-UplinkDedicated similar to Rel-17.
Proposal 25: If RAN1 agree that STxMP UL transmission needs to be specified in Rel-18, an independent power limit (Pcmax,i) for each panel as well as a sum power limit across two panels (Pcmax) should be considered when specifying power control mechanism for the STxMP UL transmission. 
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