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1 Introduction
During RAN#94-e meeting, the Rel-18 WID of MIMO evolution for DL and UL was approved [1]. The following objective is related to this AI.
	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 precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· 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.
7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


In this contribution, our opinions on unified TCI framework extension for multi-TRP operation are presented.
2 Discussion
2.1 TCI state configuration and indication
2.1.1 RRC configuration of TCI states
In current spec, for single TRP operation with unified TCI framework, one joint/DL TCI state list including M joint/DL TCI states and one UL TCI state list including N UL TCI states are configured within higher parameters PDSCH-Config and BWP-UplinkDedicated, respectively. A joint/DL TCI state provides a reference RS for determining QCL information for DL signals including PDSCH, PDCCH, CSI-RS and/or UL TX spatial filter for UL signals including PUSCH, PUCCH, SRS. A UL TCI state provides a reference RS for determining UL TX spatial filter.
In Rel-18 WID, unified TCI framework is introduced for multi-TRP operation. For TCI list configuration, there are two methods to be considered. The first method is to adopt legacy RRC configuration, as shown in Figure 1. One joint/DL TCI state list including M’ joint/DL TCI states and one UL TCI state list including N’ UL TCI states. The M’ and N’ may be approximately equal to 2M and 2N, respectively. The second method is to adopt TRP-specific RRC configuration, as shown in Figure 2. Two joint/DL TCI state list including M1 and M2 joint/DL TCI states respectively and two UL TCI state list including N1 and N2 joint/DL TCI states respectively. The M1, M2 and N1, N2 may be approximately equal to M and N, respectively.
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[bookmark: _Ref110519160]Figure 1. A schematic diagram illustrating legacy RRC configuration.
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[bookmark: _Ref110519176]Figure 2. A schematic diagram illustrating TRP-specific RRC configuration.
For the first method, the number of each TCI list for multi-TRP operation should be expanded to as twice as that for single TRP operation. The expansion affects the activation and indication of TCI states. The TCI state filed size in MAC CE and DCI may be expanded to the twice. For the second method, the number of each TCI list for multi-TRP operation should not be changed. The TCI state filed size in MAC CE and DCI is not changed. But the TCI state filed in MAC CE and DCI should be associated with TRP. According to the analysis, the changes of the second method is slighter than those of the first method.
Proposal 1: Recommend to configure TRP-specific TCI state list – two joint/DL TCI state list corresponding to two TRPs respectively and two UL TCI state list corresponding to two TRPs respectively.
2.1.2 MAC CE activation of TCI states
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In current spec, for single TRP operation with unified TCI framework, a unified TCI state-specific MAC CE is used to activate joint/DL and UL TCI states. For multi-TRP with unified TCI framework, it is necessary to be discussed how the MAC CE activates the joint/DL and UL TCI states corresponding to different TRPs.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]There are several methods can be considered. The first method is that the legacy MAC CEs associated with difference slots activate TCI states corresponding to difference TRPs. For example, at odd slots, a UE receives a MAC CE which activates joint/DL or UL TCI states corresponding to the first TRP. At even slots, a UE receives a MAC CE which activates joint/DL or UL TCI states corresponding to the second TRP.
The second method is that the legacy MAC CEs associated with difference orders activate TCI states corresponding to difference TRPs. For example, when a UE receives two MAC CE in the same PDSCH, the former MAC CE activates joint/DL or UL TCI states corresponding to the first TRP and the latter one activates joint/DL or UL TCI states corresponding to the second TRP.
The third method is that the legacy MAC CEs associated with difference TRP IDs activate TCI states corresponding to difference TRPs. The TRP ID can be explicit or implicit. For example, if a UE receives a MAC CE where the TRP ID filed is ‘0’, the activated TCI states are corresponding to the first TRP. If a UE receives a MAC CE where the TRP ID filed is ‘1’, the activated TCI states are corresponding to the second TRP.
The forth method is to enhance the legacy MAC CE to activate TCI states corresponding to two TRPs simultaneously. A TCI state ID filed in the legacy MAC CE is to activate up to two TCI states corresponding to two TRPs. One of these two TCI states indicated by the TCI state ID fields is from the first joint/DL or UL TCI state list corresponding to the first TRP. The other is from the second joint/DL or UL TCI state list corresponding to the second TRP. Considering TCI states corresponding to different TRPs do not need to activate simultaneously every time, a new filed (marked as N) is added to indicate whether a TCI state ID filed actives one or two TCI states. If the number of TCI state indicated by a TCI state ID filed is one, Association between a TCI state and a TRP needs to be indicated. Then, a new filed (marked as T) is added to indicate TRP index. Hence, network can determine whether activate TCI states corresponding to different TRPs simultaneously or individually. Figure 3 shows two of MAC CEs. In Figure 3(a), all of TCI state ID fields share one N and T filed. In Figure 3(b), each TCI state ID filed has corresponding one N and T filed.
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[bookmark: _Ref110955566]Figure 3. A schematic diagram illustrating enhanced unified TCI state-specific MAC CEs.
Proposal 2: Recommend to enhance the legacy unified TCI state-specific MAC CE where a TCI state ID filed can activate up to two TCI states corresponding to two TRPs simultaneously.
2.1.3 DCI indication of TCI states
In current spec, for single TRP operation with unified TCI framework, a TCI filed (3 bits) in a DCI indicates one or two TCI states from the activated TCI state list. For multi-TRP with unified TCI framework, it is necessary to be discussed how the DCI indicates the joint/DL and UL TCI states corresponding to different TRPs.
There are several methods can be considered. The first method is that DCIs associated with difference slots indicate TCI states corresponding to difference TRPs. A DCI indicates TCI states from an activated TCI state list corresponding to a TRP and the other DCI indicates TCI states from the other activated TCI state list corresponding to the other TRPs. These two DCIs can be located at different slots. A UE distinguishes which DCI indicates TCI states corresponding to which TRP according to the slot information. An example of this mechanism is shown in Figure 4. The first MAC CE activates several TCI states corresponding to the first TRP. At the first slot, UE receives the first DCI. If the TCI filed in the first DCI is ‘001’, the first TCI state in the first activated TCI states corresponding to the first TRP is indicated. After the application time, a UE apply this new TCI state to receive DL signal(s) from the first TRP and transmitting UL signal(s) to the first TRP. The second MAC CE activates several TCI states corresponding to the second TRP. At the second slot, UE receives the second DCI. If the TCI filed in the second DCI is ‘010’, the third TCI state in the second activated TCI states corresponding to the second TRP is indicated. After the application time, a UE apply this new TCI state to receive DL signal(s) from the second TRP and transmitting UL signal(s) to the second TRP. The first and second time unit can be the odd and even slot, respectively.
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[bookmark: _Ref110588899]Figure 4. A schematic diagram illustrating that DCIs associated with difference slots indicate TCI states corresponding to difference TRPs.
The second method is that a DCI indicates TCI states corresponding to one TRPs and TCI states corresponding to the other TRPs simultaneously. An example of this mechanism is shown in Figure 5. The first MAC CE activates several TCI states corresponding to the first TRP. The second MAC CE activates several TCI states corresponding to the second TRP. At the first time point, UE receives the first DCI. If the TCI filed in the first DCI is ‘010’, the third TCI state in the first activated TCI states corresponding to the first TRP and the third TCI state in the second activated TCI states corresponding to the second TRP is indicated. After the application time, a UE apply this two new TCI states to receive DL signal(s) from the first TRP and second TRP and transmitting UL signal(s) to the first TRP and second TRP.
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[bookmark: _Ref110589628]Figure 5. A schematic diagram illustrating that a DCI indicates TCI states corresponding to one TRPs and TCI states corresponding to the other TRPs simultaneously.
The third method is that a TCI filed in a DCI is extended to 4 bits. The additive 1 bit is used to indicate TRP. This method is more flexible and explicit. An example of this mechanism is shown in Figure 6. The first MAC CE activates several TCI states corresponding to the first TRP. At the first time point, UE receives the first DCI. If the TCI filed in the first DCI is ‘0001’, the first TCI state in the first activated TCI states corresponding to the first TRP is indicated. After the application time, a UE apply this new TCI state to receive DL signal(s) from the first TRP and transmitting UL signal(s) to the first TRP. The second MAC CE activates several TCI states corresponding to the second TRP. At the second time point, UE receives the second DCI. If the TCI filed in the second DCI is ‘1010’, the third TCI state in the second activated TCI states corresponding to the second TRP is indicated. After the application time, a UE apply this new TCI state to receive DL signal(s) from the second TRP and transmitting UL signal(s) to the second TRP.
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[bookmark: _Ref110955775]Figure 6. A schematic diagram illustrating that a DCI where a TRP ID filed added indicates TCI states.
The forth method is that a TCI filed in a DCI is extended to 6 bits. The front 3 bits is used to indicate TCI states from one activated TCI state list corresponding to one TRP and the latter 3 bits is used to indicate TCI states from the other activated TCI state list corresponding to the other TRP. An example of this mechanism is shown in Figure 7. The first MAC CE activates several TCI states corresponding to the first TRP. The second MAC CE activates several TCI states corresponding to the second TRP. At the first time point, UE receives the first DCI. If the TCI filed in the first DCI is ‘001010’, the first TCI state in the first activated TCI states corresponding to the first TRP and the third TCI state in the second activated TCI states corresponding to the second TRP is indicated. After the application time, a UE apply this two new TCI states to receive DL signal(s) from the first TRP and second TRP and transmitting UL signal(s) to the first TRP and second TRP.
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[bookmark: _Ref110955805]Figure 7. A schematic diagram illustrating that a DCI where another TCI filed added indicates TCI states.
Obviously, with expansion of the TCI filed in a DCI, flexibility increases significantly.
Proposal 3: Recommend to expand the TCI filed in a DCI for multi-TRP operation.
2.2 TCI state association/mapping
2.2.1 PDCCH
In current spec, each DL channel is configured channel-specific spatial relation list and each DL channel has channel-specific MAC CE to select which spatial relation to apply. Specifically, TCI state list for PDCCH is configured in higher parameters PDCCH-Config and (Enhanced) TCI State Indication for UE-specific PDCCH MAC CE selects spatial relation to apply. For multi-TRP operation without unified TCI framework, a TCI state is associated with a TRP such that a UE can know to transmit PDCCH to which TRP according to the applied TCI state. 
In Rel-18 WID, unified TCI framework is introduced for multi-TRP operation. For multi-TRP operation with unified TCI framework, a TCI state and an indicative MAC CE are not channel-specific. Generally, two TCI states corresponding to two TRPs are applied to DL reception. A UE cannot know PDCCH from which TRP according to the applied TCI state. 
In current spec, a UE receives PDCCH according to a TCI state associated within CORESET. A TRP indicator RRC signalling with 1 bit added in CORESET can be used to indicate the association between a PUCCH resource and a TRP. When a UE receives the PUCCH resource indicator in DCI, the UE transmit the indicated PUCCH by using to TCI state corresponding to the TRP according to the TRP indicator RRC signalling in PUCCH-Resource.  A UE can receive PDCCH by using the TCI state corresponding to the TRP according to the TRP indicator in CORESET.
Proposal 4: Support to use RRC configuration to inform the association between the indicated TCI state and a CORESET.
2.2.2 PUCCH
In current spec, each UL channel is configured channel-specific spatial relation list and each UL channel has channel-specific MAC CE to select which spatial relation to apply. Specifically, spatial relation list for PUCCH is configured in higher parameters PUCCH-SpatialRelationInfo and (Enhanced) PUCCH spatial relation activation/deactivation MAC CE selects spatial relation to apply. For multi-TRP operation without unified TCI framework, a spatial relation is associated with a TRP such that a UE can know to transmit PUCCH to which TRP according to the applied spatial relation. 
In Rel-18 WID, unified TCI framework is introduced for multi-TRP operation. For multi-TRP operation with unified TCI framework, a TCI state and an indicative MAC CE are not channel-specific. Generally, two TCI states corresponding to two TRPs are applied to UL transmission. A UE cannot know to transmit PUCCH to which TRP according to the applied TCI state. 
[bookmark: OLE_LINK12]A TRP indicator RRC signalling with 1 bit added in RRCparameter PUCCH-Reousrce can be used to indicate the association between a PUCCH resource and a TRP. When a UE receives the PUCCH resource indicator in DCI, the UE transmit the indicated PUCCH by using the TCI state corresponding to the TRP according to the TRP indicator RRC signalling in PUCCH-Resource. 
Proposal 5: Support to use RRC configuration to inform the association between the indicated TCI state and a PUCCH resource.
2.3 Power control for simultaneous UL transmission
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In current spec, only one panel in a UE can perform a UL transmission on a carrier of a serving cell at the same time in spite of a UE with one or more panels. That means there is only one UL transmission occasion at the same time. Therefore, a UE is configured a maximum power and the UE only needs to calculate a scheduling power according to the scheduling parameters such as P0, alpha, closed loop index, path loss, PRB number and so on. If the scheduling power is not larger than the maximum power, the UE will utilize the scheduling power for a UL transmission. If the scheduling power is larger than the maximum power, the UE will utilize the maximum power for a UL transmission.
In Rel-18 WID, it is introduced that multiple panels in a UE can perform UL transmissions simultaneously. The number of multi panels with simultaneous UL transmission is limited to two in spite of a UE with more than two panels. That means there are at most two UL transmission occasions at the same time. Therefore, a UE needs to calculate two scheduling power. The maximum power in this situation is different from that in current spec. A UE can be configured a UE-specific maximum power or two panel-specific maximum powers or both of them. 
In our opinion, the best option is that a UE is configured a UE-specific maximum power and calculates two scheduling powers. This option does not introduce the concept of a panel entity such as it has little spec impact. Meanwhile, each panel has a maximum power limit. If the sum of two scheduling powers is not larger than the UE-specific maximum power, a UE allocates two scheduling powers to two panels as actual UL transmission power, respectively. If the sum of two scheduling powers is larger than the UE-specific maximum power, a UE allocates the UE-specific maximum powers to two panels according to the priority of two UL signals/channels transmitted by two panels, respectively.
Proposal 6: For STxMP operation, a UE is configure a UE-specific maximum power and calculates at most two scheduling powers.
2.4 Switching between joint and separate TCI states
In current spec, for single TRP operation with unified TCI framework, switching between joint and the separate TCI states is not dynamic which is configured in the higher parameter unifiedtci-StateType. For multi-TRP operation with unified TCI framework, this proposal implies that the switching between the joint and separate TCI states should be TRP-specific. Therefore, it is proposed to extend the higher parameter unifiedtci-StateType to TRP-specific higher parameters, for example, unifiedtci-StateType-TRP1 and unifiedtci-StateType-TRP2.
Proposal 7: Recommend TRP-specific switching between joint and separate TCI states.
Considering flexible, MAC CE indication is proposed to support dynamic switching between joint and the separate TCI states. For example, the MAC CE with 2 bits where the former bit indicates that the TCI state corresponding to the first TRP is whether joint or separate and the latter bit indicates that the TCI state corresponding to the second TRP is whether joint or separate. This MAC CE can also be merged into another MAC CE, such as unified TCI states activation/deactivation MAC CE.
Proposal 8: Recommend dynamic switching based on MAC CE indication between joint and the separate TCI states.
3 Conclusion
In this contributions, our opinions on unified TCI framework extension for multi-TRP operation are listed as follows.
Proposal 1: Recommend to configure TRP-specific TCI state list – two joint/DL TCI state list corresponding to two TRPs respectively and two UL TCI state list corresponding to two TRPs respectively.
Proposal 2: Recommend to enhance the legacy unified TCI state-specific MAC CE where a TCI state ID filed can activate up to two TCI states corresponding to two TRPs simultaneously.
Proposal 3: Recommend to expand the TCI filed in a DCI for multi-TRP operation.
Proposal 4: For STxMP operation, a UE is configure a UE-specific maximum power and calculates at most two scheduling powers.
Proposal 5: Support to use RRC configuration to inform the association between the indicated TCI state and a CORESET.
Proposal 6: Support to use RRC configuration to inform the association between the indicated TCI state and a PUCCH resource.
Proposal 7: Recommend TRP-specific switching between joint and separate TCI states.
Proposal 8: Recommend dynamic switching based on MAC CE indication between joint and the separate TCI states.


image4.png
(2)

MAC CE#1 DCI #1 DCI #2

TRP #1 []
Old TCI state #1 ——><—— N‘iew TCI state #1 ———>
MAC CE#2
TRP #2
Old TCI state #2 —————————><— New TCI state 2 —>
(®) TRP #1 TRP #2
The TCI states activated by MAC CE #1 The TCI states activated by MAC CE #2

© 0O O 0 ©O O O 0 0 O

TCI state #1 indicated by DCI #1 TCI state #3 indicated by DCI #2

The TCI filed in the DCT #1 [0] 0]

The TCI filed in the DCI #2





image5.png
(a) MAC CE#1 DCI #1
TRP #1 []

Old TCI state #1 %-% New TCI state #1 ——>

MAC CE#2
TRP #2
Old TCT state #2 —><—  New TCI state #2 ——>
(O] TRP #1 TRP #2
The TCI states activated by MAC CE #1 The TCI states activated by MAC CE #2

O O 0 0 O O 0O 0 0 O

TCI state #3 indicated by DCI #1 TCI state #3 indicated by DCI #2

The TCI filed in the DCI #1 [0]1]0]




image6.png
(a) MAC CE#1 DCI #1 DCI #2

TRP #1 [] []

————— Ol TCI state #1 —><——— Npw TCl state #1 ————>

MAC CE#2
TRP #2
—— OldTCIstate #2 ———————>K— New TCI state #2 —>
(O] TRP #1 TRP #2
The TCI states activated by MAC CE #1 The TCI states activated by MAC CE #2

© 0O O 0 O O 0O 0 0 O

The first TCI state indicated by DCI #1 The third TCI state indicated by DCI #2

The TCI filed in the DCT #1 [0]0]0] 1]
The TCI filed in the DCI #2





image7.png
(a) MAC CE#1 DCI #1
TRP #1 ]

Old TCI state #1 + New TCI state #1 ——>

MAC CE#2
TRP #2
Old TCI state #2 ——><—— New TCI state #2 ——>
(O] TRP #1 TRP #2
The TCI states activated by MAC CE #1 The TCI states activated by MAC CE #2

o 0O O 0O O O 0O 0 0 O

The third TCI state indicated by DCI #1 The third TCI state indicated by DCI #1

The TCI filed inthe DCI#1 [0]0]1]0]1]0]




image1.png
DL/join TCl state list 0000 0O

O 0O O00O0
©O 0O O00O0

UL TCl state list

A DUjoin TCl state corresponding to TRP1
A DUjoin TCl state corresponding to TRP2
A UL TCl state corresponding to TRP1

O O OO0

A UL TCl state corresponding to TRP2




image2.png
DLl/join TCl statelistl O © O O O O O O

DL/joinTCl statelist2 [0 © © © © ©

UL TClstatelist1 |© © O© © © O O

UL TCl statelist2 | O O O O O O O

O A DUjoin TCl state corresponding to TRP1
A DUjoin TCl state corresponding to TRP2
A UL TCl state corresponding to TRP1

o O O

A UL TCl state corresponding to TRP2




image3.png
@)

N Serving Cell ID bL g (O I Serving Cell ID bL g
TR R|R|R|R|U"DP R{R[R[R|R]R[UDP
Prf Po [ Pa| Ps|Ps|Ps|Pr|Ps Ny | Na | N3 | Ny | Ns | Ns | N;| Ng
o/
0 TCI State ID 1 S0 S 0 P I 7R I O I O I I
o/
0 TCI State ID 2 R I O I N I S
%/ TCI State ID 3 %/ TCI State ID 1

%/ TCI State ID 2

o/ TCI State ID 3





