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Introduction
For Rel-18 MIMO, Rel-18 unified TCI will be standardized. In the WID [1], the relevant objectives have been captured, and they are also listed below. The descriptions marked with red colors are related to unified TCI.
	[bookmark: OLE_LINK269]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.


Based on the objectives, Rel-18 unified TCI is mainly related to mTRP, simultaneous multi-panel UL transmission and power control. In this contribution, we will share some considerations on those aspects of Rel-18 unified TCI.
Discussion
Rel-17 unified TCI is designed for sTRP (single TRP). In Rel-18, the unified TCI framework will be extended to mTRP (up to two TRPs). Taking FR2 as an example, one DL/UL TCI state basically indicates one RX/TX beam from/to a TRP. Therefore, the most significant difference is that more DL/UL TCI states need to be indicated for mTRP. 
To begin with, the design of Rel-17 unified TCI should be reused as much as possible. For Rel-17 unified TCI, MAC CE is used to activate DL/UL TCI states, and then a TCI field in DCI format 1_1/1_2 with or without DL assignment is used to indicate DL/UL TCI state(s) among the activated DL/UL TCI states. Correspondingly, Rel-18 unified TCI can follow the same design to also use the combination of MAC CE and DCI format 1_1/1_2 with or without DL assignment. For Rel-17 unified TCI, both joint DL/UL TCI (DLorJoint-TCIState) and separate DL/UL TCI (DLorJoint-TCIState, UL-TCIState) are supported. More specifically, DL and UL follow a same TCI state for joint DL/UL TCI, and DL and UL follow a DL TCI state and a UL TCI state respectively for separate DL/UL TCI. When extending Rel-17 unified TCI to mTRP in Rel-18, both joint DL/UL TCI and separate DL/UL TCI should be also supported to have the same level of flexibility. Dynamic switching between joint DL/UL TCI and separate DL/UL TCI is not supported in Rel-17 unified TCI. Similarly, Rel-18 unified TCI can follow the same design principle.
At least the following designs from Rel-17 unified TCI are supported for Rel-18 unified TCI.
· MAC CE is used to activate DL/UL TCI states, and DCI format 1_1/1_2 with or without DL assignment is used to further indicate DL/UL TCI state(s) among the activated ones.
· Both joint DL/UL TCI and separate DL/UL TCI are supported. 

Let a tuple of the form (M, N) denote that M DL TCI states and N UL TCI states are indicated. For Rel-17 unified TCI, the tuple of (M=1, N=1) is supported for joint DL/UL TCI, and the tuples of (M=1, N=0), (M=0, N=1), (M=1, N=1) are supported for separate DL/UL TCI. More specifically, joint DL/UL TCI can indicate a TCI state for both DL and UL, separate DL/UL TCI can indicate a DL TCI state only, or a UL TCI state only, or both a DL TCI state and a UL TCI state. Considering mTRP, a major difference is that M>1 and/or N>1 will be supported for Rel-18 unified TCI. 
For mDCI mTRP, since each TRP performs self-scheduling, the situation from one TRP perspective is similar with that of sTRP. Therefore, the same (M, N) tuples as in Rel-17 can be supported. 
For sDCI mTRP, the situation would be different since one TRP performs joint scheduling for both TRPs. For joint DL/UL TCI, (M=2, N=2) should be supported. For separate DL/UL TCI, all or a subset of (M=2, N=2), (M=2, N=1), (M=1, N=2), (M=2, N=0), (M=0, N=2) should be supported. 
Optionally, Rel-18 unified TCI may also support (M, N) tuples of Rel-17 as a fallback.
Let a tuple of the form (M, N) denote that M DL TCI states and N UL TCI states are indicated.
· For joint DL/UL TCI, all or a subset of the following (M, N) tuples are supported. 
· (M=2, N=2), (M=1, N=1)
· For separate DL/UL TCI, all or a subset of the following (M, N) tuples are supported. 
· (M=2, N=2), (M=2, N=1), (M=1, N=2), (M=2, N=0), (M=0, N=2), (M=1, N=1), (M=1, N=0), (M=0, N=1)



[bookmark: _Ref101531103]Figure 1. An example of (M, N) tuples for joint DL/UL TCI



[bookmark: _Ref101262986]Figure 2. An example of (M, N) tuples for separate DL/UL TCI

Two examples of (M, N) tuples are shown in Figure 1 and Figure 2 for joint DL/UL TCI and separate DL/UL TCI respectively. Wherein, one column represents one (M, N) tuple, and the set of (M, N) tuples of Rel-17 unified TCI is a subset of that of Rel-18 unified TCI. Furthermore, it is proposed that dynamic switching among all the supported (M, N) tuples is supported. Although dynamic switching between joint DL/UL TCI and separate DL/UL TCI is not supported, for joint DL/UL TCI or separate DL/UL TCI itself, dynamic switching among its supported (M, N) tuples can be supported. As an example, dynamic switching can include switching between a (M, N) not supported in Rel-17 and a (M, N) supported in Rel-17. By this way, it would be beneficial in terms of providing a flexibility to switch between mTRP and sTRP. As another example, dynamic switching can include switching between a (M, N) not supported in Rel-17 and a (M, N) not supported in Rel-17, and switching between a (M, N) supported in Rel-17 and a (M, N) supported in Rel-17. How to achieve such dynamic switching can be further studied. For example, the aforementioned MAC-CE-plus-DCI type of signaling can be used. More specifically, the mapping between TCI codepoints and some (M, N) tuples in Figure 1 and Figure 2 can be determined by MAC CE activation, and then a TCI field in DL DCI dynamically indicates a particular (M, N) tuple among the activated (M, N) tuples. 
For either joint or separate DL/UL TCI, dynamic switching among all the supported (M, N) tuples should be supported.



[bookmark: _Ref101289705]Figure 3. An example of two SRS resource sets and the associated TX parameters

For Rel-17 mTRP which does not support unified TCI, a UE can be configured with two SRS resource sets. For PUSCH based on dynamic grant or configured grant, a set of SRI and TPMI is determined based on the associated SRS resource set, and a set of power control parameters is determined based on SRI. An example of two SRS resource sets is shown in Figure 3. Here, power control parameters include P0, alpha, closedLoopIndex and PL-RS. Basically, two sets of SRI, TPMI and power control parameters are determined based on two SRS resource sets respectively. 
For Rel-17 unified TCI which does not support mTRP, SRI and TPMI are also determined based on the associated SRS resource set, however, power control parameters are determined based on the indicated UL TCI state. More specifically, PL-RS is included in the UL TCI state, and P0, alpha, closedLoopIndex are associated with the UL TCI state. 
For Rel-18 unified TCI which will support mTRP, it should merge the designs for Rel-17 mTRP and Rel-17 unified TCI as follows. 
· Two UL TX spatial filters are determined based on two UL TCI states respectively. 
· Two SRS resource sets are associated with two UL TCI states respectively. 
· Two sets of SRI, TPMI are determined based on two SRS resource sets respectively. 
· Two sets of power control parameters are determined based on two UL TCI states respectively.
The same Figure 3 can be used to show TX parameters in Rel-18 unified TCI. Compared with Rel-17, the difference is that power control parameters are determined based on UL TCI states instead of SRS resource sets.
For a PUSCH transmission of which the UL TX spatial filter is determined based on a UL TCI state,
· SRI and TPMI are determined based on the SRS resource set associated with the UL TCI state, and
· power control parameters including PL-RS, P0, alpha and closedLoopIndex are determined based on the UL TCI state.

As aforementioned, for mTRP, a UE can be configured with two SRS resource sets. For Rel-18 unified TCI, it can happen that a single UL TCI state is indicated to such UE, e.g., when a tuple of (M=X, N=1) is indicated to the UE. In this case, the UE will perform transmission by using a single UL TX spatial filter and a single set of SRI, TPMI and power control parameters. Although the UL TX spatial filter and power control parameters will be determined based on the indicated one UL TCI state, SRI and TPMI will be determined based on one SRS resource set. Since there are two SRS resource sets configured, it should be specified which SRS resource set will be used to derive SRI and TPMI, or more generally, which SRS resource set will be associated with the indicated one UL TCI state. Otherwise, the UE and the gNB may not have a common understanding on the used SRI and TPMI. To avoid any ambiguity, it should be studied how to determine the SRS resource set associated with the UL TCI state, and it should be studied for PUSCH based on both dynamic grant and configured grant.
If one UL TCI state is indicated to a UE configured with two SRS resource sets, it should be studied which SRS resource set is associated the UL TCI state.



[bookmark: _Ref101685309]Figure 4. An example of multi-panel and single-panel UL transmission schemes

In Rel-17, a UE can only perform a UL transmission by using a single panel as shown in (b) and (c) of Figure 4. In Rel-18, it will be studied how to support simultaneous multi-panel UL transmission for some types of UEs which have sufficient power supplies as shown in (a) of Figure 4. Furthermore, the indication of UL TX spatial filters for multiple panels (up to two panels) will be based on the Rel-18 unified TCI framework. As aforementioned, two UL TCI states can be indicated to a UE by using Rel-18 unified TCI. If these two UL TCI states correspond to two panels, then the UE can perform simultaneous two-panel transmission by using the two UL TX spatial filters determined by the two UL TCI states. However, during the application time of two UL TCI states, it may not be necessary or good for a UE to always use simultaneous multi-panel UL transmission. In some cases, e.g., due to channel variation or blockage, it could be beneficial to let a UE switch to single-panel UL transmission towards one TRP as a fallback. In some cases, e.g., to provide more UL scheduling flexibilities, it could be beneficial to let a UE switch to single-panel UL transmission towards two TRPs in a TDM manner as in Rel-17 mTRP PUSCH. Anyway, even if a DL DCI indicates two UL TCI states, a UL DCI still has a freedom to choose between scheduling simultaneous multi-panel UL transmission and scheduling single-panel UL transmission. Therefore, it should be further studied how to achieve dynamic switching between simultaneous multi-panel UL transmission and single-panel UL transmission.
For a UE supporting simultaneous multi-panel UL transmission, it should be further studied how to support dynamic switching among all or a sub-set of the following UL transmission schemes.
· Simultaneous two-panel UL transmission towards one or two TRPs
· Single-panel UL transmission towards one TRP 
· Single-panel UL transmission towards two TRPs in a TDM manner

Conclusion
In this contribution, we have expressed our views on the extension of the unified TCI framework in Rel-18. The proposals are summarized as follows. 
1. At least the following designs from Rel-17 unified TCI are supported for Rel-18 unified TCI.
· MAC CE is used to activate DL/UL TCI states, and DCI format 1_1/1_2 with or without DL assignment is used to further indicate DL/UL TCI state(s) among the activated ones.
· Both joint DL/UL TCI and separate DL/UL TCI are supported. 
Let a tuple of the form (M, N) denote that M DL TCI states and N UL TCI states are indicated.
· For joint DL/UL TCI, all or a subset of the following (M, N) tuples are supported. 
· (M=2, N=2), (M=1, N=1)
· For separate DL/UL TCI, all or a subset of the following (M, N) tuples are supported. 
· (M=2, N=2), (M=2, N=1), (M=1, N=2), (M=2, N=0), (M=0, N=2), (M=1, N=1), (M=1, N=0), (M=0, N=1)
For either joint or separate DL/UL TCI, dynamic switching among all the supported (M, N) tuples should be supported.
For a PUSCH transmission of which the UL TX spatial filter is determined based on a UL TCI state,
· SRI and TPMI are determined based on the SRS resource set associated with the UL TCI state, and
· power control parameters including PL-RS, P0, alpha and closedLoopIndex are determined based on the UL TCI state.
If one UL TCI state is indicated to a UE configured with two SRS resource sets, it should be studied which SRS resource set is associated the UL TCI state.
For a UE supporting simultaneous multi-panel UL transmission, it should be further studied how to support dynamic switching among all or a sub-set of the following UL transmission schemes.
· Simultaneous two-panel UL transmission towards one or two TRPs
· Single-panel UL transmission towards one TRP 
· Single-panel UL transmission towards two TRPs in a TDM manner
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