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Introduction
The unified framework introduced in Rel-17 intends to facilitate streamlined multi-beam transmission/reception. The Rel-18 WID for MIMO evolution for downlink and uplink is approved in RAN#94, and characteristics of unified TCI are further extended from single-TRP (sTRP) in Rel-17 to multi-TRP scenario (mTRP). The detailed objectives of the extension marked with red color are listed as follows [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 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 listed above, we will share some considerations on unified TCI framework for multi-TRP.
Discussion
In Rel-16, UE can be configured with a list of up to 128 TCI-state configurations within the higher layer parameters PDSCH-Config to decode PDSCH according to a detected PDCCH with DCI intended for UE and the given cell. For single-DCI (sDCI) based NCJT transmission, an activation command in MAC-CE uses up to 8 TCI states and/or pairs of TCI states and maps them to the codepoint of the DCI Transmission Configuration Indication field in DCI format 1_1 or DCI format 1_2, among which the pair of TCI-states provide quasi co-location reference for PDSCH transmission occasions from two TRPs, respectively.
The Rel-17 unified TCI framework is introduced to provide a reference signal for the quasi co-location for DM-RS of PDSCH and DM-RS of PDCCH in a CC, for CSI-RS, and to indicate a reference, if applicable, for determining UL TX spatial filter for dynamic-grant and configured-grant based PUSCH and PUCCH resource in a CC, and SRS. The unified TCI framework in Rel-17 mainly focus on single-TRP, while in Rel-18 it is extended to multi-TRP (mTRP). Therefore, there are quite a lot of issues to be discussed for unified TCI framework to be applied to mTRP.
In our consideration, in order to keep the clean design on the premise of meeting new requirement, the mechanism of Rel-17 unified TCI framework should be reused as much as possible in Rel-18. In the meanwhile, some designs in Rel-16 TCI for mTRP could also be referred in Rel-18 to avoiding repetitive discussion.
In Rel-17, unified TCI framework for single-TRP (sTRP) provide optimized performance to support common cases, where a common TCI state can be indicated for transmission or reception, which reduces unnecessary signaling overhead. The common TCI state could be taken from joint or DL TCI state list or from UL TCI state list.
Furthermore, unified TCI framework in Rel-18 is extended to mTRP. Similar to mTRP in Rel-16, appropriate TCI state(s) in Rel-18 still could be selected from the joint or DL TCI state list or/and UL TCI state list to activate/indicate for each of the TRPs. We do not see any convictive benefits to introduce TCI state lists for per TRP, which will add complexity.
So, for Rel-18 RRC-configured TCI state lists, there is no need to configure TCI list for each TRP, instead, it could be a baseline to reuse the Rel-17 design, i.e., one list of joint/DL TCI state(s) and one list of UL TCI state(s) for both TRPs.
1. For Rel-18 RRC configured TCI state lists, there is no need to configure TCI list(s) for each TRP, instead, it could be a baseline to reuse the Rel-17 design, i.e., one list of joint/DL TCI state(s) list and one list of UL TCI state(s) for both TRPs.

In Rel-16, there are up to 128 TCI states configured within the higher layer parameters PDSCH-Config, which are along with default rules used to serve as candidates of QCL reference for different channels/signals. In other word, NR can in principle support transmission up to 128 different beams without necessity for RRC reconfigurations.
And for unified TCI framework in Rel-17, there is a list of joint or DL TCI state with up to 128 TCI states, and a list of UL TCI states with up to 64 TCI states, which are together configured for providing QCL information for only one TRP. These TCI states can provide more candidates of beam indication than in Rel-16 with mTRP configured, that is, up to 128 DL candidates and up to 128 or 64 UL candidates. That seems enough even for two TRPs in Rel-18, the same TRP number as Rel-16.
Besides this, in MAC-CE with TCI state ID field, the field width per TCI state ID is 7 bits, which could indicate up to  candidates from one list. So, keeping the maximum number of TCI states at least in DLorJointTCIState unchanged would lead to as small spec impact as possible.
Hence, at least currently, we haven’t seen any necessity to increase maximum number of TCI states in TCI list(s).
1. Currently the maximum number of TCI states in the list of DLorJointTCIState and the list of UL-TCIState could be kept unchanged for mTRP.

In RAN1#109, an agreement about unified TCI is as follows [2]:
	Agreement
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
· Atl2: 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 in Rel-16, the new introduced higher layer parameter coresetPoolIndex could be used to differentiate CORESETs of the two TRPs. It could be used to associate TCI state with a value of coresetPoolIndex with CORESET with the same value of coresetPoolIndex, i.e., the CORESET belongs to its corresponding TRP. And when a certain conditions are met, DMRS ports of PDSCH with a value of coresetPoolIndex are quasi-located with RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of a certain CORESET configured with the same value of coresetPoolIndex. The method to differentiate TRPs in mDCI based mTRP can be straightforward and naturally extended to Rel-18 unified TCI framework for mTRP. In addition, other channels/signals can also be associated to one of TRPs according to coresetPoolIndex. And for each of the TRPs corresponding to one value of coresetPoolIndex, the TCI state indication method in Rel-17 could be reused in Rel-18, which would result in less spec impacts.
Using the current method may result in less spec impact and we do not think there is enough necessity to introduce extra alternatives.
1. For M-DCI based TRP transmission on unified TCI framework extension, 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.

Due to the influence of varying channel environment or other requirements, UE may not always work with multiple TRPs. For instance, two TRPs provide service for now, while after a period of time only one of the TRPs continue to provide service.
As for now there is no clear mechanism to indicate the switch between mTRP and sTRP, so when only one TCI state is indicated how to explain it is a problem. One possible explanation is that the only one indicated TCI state tells switch from mTRP to sTRP. Another possible explanation is that only one TCI state from up to 4 TCI states is updated for mTRP. 
So, for sDCI based transmission, it is necessary to specify the exact explanation of one indicated TCI state from the following alternatives:
Alt1: To indicate the switching from mTRP to sTRP; or
Alt2: To update only one of the indicated TCI states for mTRP.
1. For sDCI based transmission, it is necessary to specify the exact explanation of one indicated TCI state from the following alternatives:
· Alt1: To indicate the switching from mTRP to sTRP; or
· Alt2: To update only one of the indicated TCI states for mTRP.

In Rel-17, the aperiodic CSI-RS for BM/CSI could share the same indicated TCI state as UE-dedicated reception on PDSCH and for UE-dedicated reception on all or subset of CORESETs in a CC, and the aperiodic SRS could share the same indicated Rel-17 TCI state as dynamic-grant/configured-grant based PUSCH, all of dedicated PUCCH resources.
While for extended unified TCI framework in Rel-18, when aperiodic CSI-RS is triggered in DCI0_1/0_2, and if the two TCI states are indicated by TCI field (which are for the two TRP respectively) for downlink reception, i.e., two DL TCI states, or two joint TCI states, or one joint TCI state and one DL TCI state, how to map the two TCI states to the triggered CSI-RS needs to be specified.
Similarly, when aperiodic SRS is triggered in DCI1_1/1_2/0_1/0_2, and the TCI states indicated by TCI field include at least two joint/UL TCI states(which are for the two TRP respectively)  for uplink TX spatial filter, i.e., two UL TCI states, or two joint TCI states, or one joint TCI state and one UL TCI state, how to map the two TCI states to the triggered SRS also needs to be specified.
One possible method is to fixedly map the TCI state indicated for the first or second TRP by default. 
Another possible method, however, is to introduce new field in DCI triggering aperiodic CSI-RS/SRS, which would explicitly determine which of the two TCI states for DL reception will map to the triggered aperiodic CSI-RS, and determine which of the two TCI states for UL spatial filter will map to the triggered aperiodic SRS.
1. For sDCI based transmission, regarding how to map the indicated TCI state(s) to the aperiodic CSI-RS and/or aperiodic SRS signals, the following alternatives could be considered:
· Alt1: Introduce signaling to explicitly specify which TCI states the aperiodic CSI-RS and/or aperiodic SRS would be applied.
· Alt2: Use DCI to determine the association of indicated TCI states and aperiodic CSI-RS and/or aperiodic SRS 



[bookmark: _Ref101289705]Figure 1. An example of two SRS resource sets and the associated TX parameters

For mTRP configured grant PUSCH, a UE is configured with two SRS resource sets and two sets of SRI and TPMI as shown in Figure 1. As for mTRP based transmission, the PUSCH repetitions are associated with the two SRS resource sets based on cyclic mapping or sequential mapping. For mTRP unified TCI, it can happen that the UE is within an application time of a single UL TCI state. Following unified TCI, the UE will perform transmission by using the single UL TCI state and a single set of power control parameters which are determined based on the indicated one UL TCI state. However, it is not clear how SRI, TPMI or SRS resource set is used for transmission. During the application time of a single UL TCI state, the implication is that sTRP PUSCH is preferred. Therefore, one of the two SRS resource set and the associated SRI/TPMI should be used for all the PUSCH repetitions. For simplicity, it can be defined by default that the first SRS resource set and the associated SRI/TPMI are used.
1. When mTRP configured grant PUSCH is within an application time of one UL TCI state, the first SRS resource set and the associated SRI/TPMI are used for all the PUSCH repetitions.

If a UE is not configured with PDCCH repetition or SFN PDCCH, the UE is expected to receive PDCCH based on one DL TCI state. For mTRP unified TCI, it is possible that the UE monitors PDCCH within an application time of two DL TCI states. In this case, it is not clear which one of the two DL TCI states should be used for PDCCH reception. To address this issue, at least the following alternatives can be considered.
Alt.1: A default DL TCI state is applied. For example, the first DL TCI state is used for PDCCH reception when there are two DL TCI states.
Alt.2: The applied DL TCI state is configured per CORESET. In this case, it is configured per CORESET that either the first or the second DL TCI state is used for PDCCH reception when there are two DL TCI states.
1. When a PDCCH (not enabled with PDCCH repetition or SFN PDCCH) is within an application time of two DL TCI states, to determine which DL TCI state is applied to the PDCCH, at least the following alternatives can be considered.
· Alt.1: The first DL TCI state is applied by default
· Alt.2: The applied DL TCI state is configured, e.g., per CORESET

If a UE is configured with PDCCH repetition, the UE is expected to monitor two linked PDCCH candidates based on two DL TCI states. For mTRP unified TCI, it is possible that the UE monitors two linked PDCCH candidates within an application time of one DL TCI state. In this case, it is not clear how the UE monitors PDCCH based on the one DL TCI state. To address this issue, at least the following alternatives can be considered. 
Alt.1: Both of the two linked PDCCH candidates are monitored by using the one DL TCI state. In this case, two PDCCH replicas will be transmitted based on one DL TCI state. Correspondingly, two linked PDCCH candidates will be monitored based on the one DL TCI state. As an example, in Figure 2 (Alt.1), it can be seen as PDCCH repetition from one TRP when there is only one TCI state.
Alt.2: Only one PDCCH candidate is monitored by using the one DL TCI state. In this case, only one PDCCH replica is transmitted based on one DL TCI state, i.e., PDCCH repetition is not performed. Correspondingly, only one PDCCH candidate is monitored based on the one DL TCI state. Although PDCCH repetition is configured, when there is only one TCI state, it falls back to PDCCH without repetition. This is exemplified in Figure 2 (Alt.2).


[bookmark: _Ref110262135]Figure 2. An example of PDCCH reception within an application time of one DL TCI state for a UE configured with PDCCH repetition

1. When two linked PDCCH candidates for PDCCH repetition are within an application time of one DL TCI state, at least the following alternatives can be considered for PDCCH monitoring.
· Alt.1: Both PDCCH candidates are monitored by using the one DL TCI state
· Alt.2: Only one PDCCH candidate is monitored by using the one DL TCI state, i.e., falling back to PDCCH without repetition

Conclusion
Proposal 1 For Rel-18 RRC configured TCI state lists, there is no need to configure TCI list(s) for each TRP, instead, it could be a baseline to reuse the Rel-17 design, i.e., one list of joint/DL TCI state(s) list and one list of UL TCI state(s) for both TRPs.
Proposal 2 Currently the maximum number of TCI states in the list of DLorJointTCIState and the list of UL-TCIState could be kept unchanged for mTRP.
Proposal 3 For M-DCI based TRP transmission on unified TCI framework extension, 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.
Proposal 4 For sDCI based transmission, it is necessary to specify the exact explanation of one indicated TCI state from the following alternatives:
· Alt1: To indicate the switching from mTRP to sTRP; or
· Alt2: To update only one of the indicated TCI states for mTRP.
Proposal 5 For sDCI based transmission, regarding how to map the indicated TCI state(s) to the aperiodic CSI-RS and/or aperiodic SRS signals, the following alternatives could be considered:
· Alt1: Introduce signaling to explicitly specify which TCI states the aperiodic CSI-RS and/or aperiodic SRS would be applied.
· Alt2: Use DCI to determine the association of indicated TCI states and aperiodic CSI-RS and/or aperiodic SRS 
Proposal 6 When mTRP configured grant PUSCH is within an application time of one UL TCI state, the first SRS resource set and the associated SRI/TPMI are used for all the PUSCH repetitions.
Proposal 7 When a PDCCH (not enabled with PDCCH repetition or SFN PDCCH) is within an application time of two DL TCI states, to determine which DL TCI state is applied to the PDCCH, at least the following alternatives can be considered.
· Alt.1: The first DL TCI state is applied by default
· Alt.2: The applied DL TCI state is configured, e.g., per CORESET
Proposal 8 When two linked PDCCH candidates for PDCCH repetition are within an application time of one DL TCI state, at least the following alternatives can be considered for PDCCH monitoring.
· Alt.1: Both PDCCH candidates are monitored by using the one DL TCI state
· Alt.2: Only one PDCCH candidate is monitored by using the one DL TCI state, i.e., falling back to PDCCH without repetition
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