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Introduction
The unified framework introduced in Rel-17 intends to facilitate streamlined multi-beam transmission/reception. The Rel-18 WID [1] 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 (MTRP).
Some basic issues were discussed from RAN1#109 to RAN1#110b and some agreements were achieved. Based on the objectives listed in Rel-18 WID and agreements, we will share some further considerations on unified TCI framework for MTRP.
Discussion
In our consideration, to keep a clean design on the premise of meeting new requirements, 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 to in Rel-18 to avoiding the repetitive discussions.
In the RAN1#110b meeting, discussions on PDSCH reception for S-DCI based MTRP are controversial, and two proposals on it have been provided as follows [2]:
	Proposal 3.A: On unified TCI framework extension for S-DCI based MTRP, down-select one or combine following alternatives for PDSCH reception (make decision in RAN1#111):
· Alt1: Use a DCI format 1_1/1_2 to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception
· FFS: Informed by the existing TCI field or an indicator field other than the existing TCI field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 1_1/1_2
· FFS: Applying to the PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2 or all PDSCH receptions after the DCI format 1_1/1_2
· FFS: Application time for applying the indicated joint/DL TCI state(s) informed by the DCI format 1_1/1_2 
· FFS: Only DCI format 1_1/1_2 with DL assignment can inform the TCI association, or both DCI format 1_1/1_2 with and without DL assignment can inform the TCI association
· Alt2: Use RRC configuration to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception
· FFS: The RRC configuration is provided to a PDSCH-Config or a CORESET/CORESET group

[bookmark: _Hlk117063036]Proposal 3.A.1: On unified TCI framework extension for S-DCI based MTRP, the followings are supported for PDSCH reception:
· The indicated joint/DL TCI state(s) that the UE shall apply to PDSCH reception by default is determined based on either RRC configuration or a fixed rule
· FFS: Determined based on RRC configuration or a fixed rule
· A DCI field in a DCI format 1_1/1_2 is used to indicate which of the indicated joint/DL TCI state(s) the UE shall apply for PDSCH reception 
· The presence of the DCI field is configurable by RRC
· If the DCI field is not present, the UE applies the default indicated joint/DL TCI state(s) determined by above RRC configuration or the fixed rule to PDSCH reception
· FFS: Whether/how to define the application time for applying the indicated joint/DL TCI state(s) informed by the DCI format 1_1/1_2
· FFS: Before the application time (if defined), the UE applies the default indicated joint/DL TCI state(s) determined by above RRC configuration or the fixed rule to PDSCH reception
· FFS: The DCI field is a new DCI field or an existing DCI field
· FFS: Only DCI format 1_1/1_2 with DL assignment can inform the TCI association, or both DCI format 1_1/1_2 with and without DL assignment can inform the TCI association


To our understanding, indication of TCI states for PDSCH reception needs to be rapidly time-varying, which implies that just RRC configuration is too slow to follow the beam indication of PDSCH. And merely DCI indication could provide enough flexible selections for PDSCH reception.
As for switching between MTRP and STRP for PDSCH reception, in Rel-16 the switching is implicitly indicated by number of indicated TCI states, i.e., if 1 TCI state is indicted, it is in STRP use case, while if 2 TCI states are indicated, it is in MTRP use case. Therefore, considering the consistency of design in Rel-18, on unified TCI framework extension for S-DCI based MTRP, it is supported to use a DCI format 1_1/1_2 to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception, and the switching between STRP and MTRP could be implicitly indicated according to number of indicated TCI states at least for PDSCH reception.
Proposal 1 Considering the consistency of design in Rel-18, it is supported to use a DCI format 1_1/1_2 to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception, and the switching between STRP and MTRP could be implicitly indicated according to number of indicated TCI states at least for PDSCH reception.

As for CORESET group configuration for S-DCI based MTRP, we could not see the necessity to support CORESET group, which also seems overlapped with the functionality of coresetPoolIndex.
Proposal 2 For S-DCI based MTRP, not to support CORESET group configuration is preferred.

In the RAN1#110b meeting, the following agreements have been achieved on how to associate the indicated TCI states with PUSCH and PUCCH [3]. 
	Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2:
· Alt1: Use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the 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
· Alt2: PUSCH transmission scheduled/activated by the 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
· FFS : PL-RS(s), and UL PC parameter setting(s) (including P0, alpha, and closed loop index) for the PUSCH

Agreement
On unified TCI framework extension for S-DCI based MTRP, down-select one alternative from the followings in RAN1#111 for PUCCH transmission:
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group
· 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 associated with the same CORESET group
· Alt3: Use MAC-CE to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/group
· Note: the association indicates whether the UE shall apply the first one, the second one, or both of the joint/UL TCI states indicated by DCI/MAC-CE to a PUCCH resource/group


For each target channel, multiple alternatives have been listed for further down-selection. In the following, we show our preference for each channel. 
For PUSCH, Alt1 is preferred. For Alt1, an indicator filed will be used to inform which TCI state(s) is applied to PUSCH. In our view, it follows the principle of MTRP PUSCH where an SRS resource set indicator is used to indicate which SRS resource set(s) is associated with PUSCH. By associating an SRS resource set with a TCI state, the similar design can be leveraged to support the association between the indicated TCI state(s) and PUSCH.
For PUCCH, Alt1 is preferred. For Alt1, it is configured by RRC signaling which TCI state(s) is applied to a PUCCH resource. In this case, the configuration only informs which TCI state(s) is applied. Still, the TCI state itself can be indicated dynamically by DCI. Therefore, the TCI state can be still dynamically updated. Since a PUCCH resource can be dynamically indicated, dynamic switching between STRP PUCCH and MTRP PUCCH can be achieved correspondingly.
Proposal 3 On how to associate the indicated TCI state(s) with each target channel, it should be considered to support the followings.
· For PUSCH, Alt1 is supported.
· 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.
· For PUCCH, Alt1 is supported.
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group.

In some cases, the number of the required TCI states can be different from that of the indicated TCI states. If this kind of mismatch occurs, how to perform transmission or reception based on the indicated TCI states should be further studied. In the following, we share the discussions on some mismatch cases.
There are different combinations of indicated TCI states for MTRP, and up to 2 sets of TCI states (TCI set) can be indicated and applied in a CC/BWP. If the TCI set for one TRP is {joint TCI state} or {a pair of DL and UL TCI states} (let’s call it full TRP set temporarily), the QCL reference for DL and UL transmission is both provided. But the indicated TCI states for one TRP are not always of a full TCI set, or even not for both the TRPs, i.e., the combinations might be:
· a pair of DL and UL TCI states + a DL TCI state
· a pair of DL and UL TCI states + a UL TCI state
· a joint TCI state + a DL TCI state
· a joint TCI state + a UL TCI state
· a joint TCI state
· a DL/UL TCI state
· a DL TCI state + a UL TCI state
So, if the TCI set is not full, the QCL reference for the DL or/and UL transmission for which no TCI state is indicated of one TRP needs to be specified. To still apply the previously indicated TCI state for the link that no TCI state is indicated this time could be a good choice.
Proposal 4 If the TCI states update at a time corresponding to one TRP is not {a joint TCI state} or {a pair of DL and UL TCI states}, the UE will still apply the previously indicated TCI states that are not indicated this time.

It has been discussed which TCI state a channel should be associated with, and some alternatives have been agreed for further down-selection. Similarly, it should be specified which TCI state is associated with the PUSCH scheduled by a fallback DCI. Take DCI format 0_0 as an example. As a fallback DCI, DCI format 0_0 has no TCI field. For MTRP unified TCI, a UE should be able to follow two UL TCI states within a period of time, or follow a single UL TCI state within another period of time. When PUSCH scheduled by a fallback DCI is within a time period applying two UL TCI states, it should be specified which UL TCI state is assumed to be associated with the scheduled PUSCH. To address this, a fixed rule can be followed e.g., PUSCH scheduled by a fallback DCI is always associated with the first UL TCI state.
Proposal 5 When PUSCH scheduled by a fallback DCI is within a time period applying two UL TCI states, the first UL TCI state is used for the PUSCH.




[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 SRIs and TPMIs as shown in Figure 1. As for MTRP based PUSCH transmission, the PUSCH repetitions are associated with the two SRS resource sets based on cyclic mapping or sequential mapping. For MTRP unified TCI, a UE can dynamically switch between following two UL TCI states and following a single UL TCI state. Therefore, it can happen that the UE is within a time period when a single UL TCI state is applied. 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 which/how SRI, TPMI or SRS resource set is used for transmission. During the time period applying a single UL TCI state, the implication is that STRP PUSCH is preferred. Therefore, one of the two SRS resource sets 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.
Proposal 6 When MTRP configured grant PUSCH is within a time period applying one UL TCI state, the first SRS resource set and the associated SRI/TPMI are used for all the PUSCH repetitions.

As for now it is not clear how to associate the indicated TCI state(s) with CSI-RS or SRS. For example, if two DL or UL TCI states are indicated, which TCI state(s) is to be associated with CSI-RS or SRS is unclear. To avoid any ambiguity, an indicator can be introduced to inform the associated TCI state(s) for CSI-RS or SRS. How to convey the indicator can be further studied. As one option, the indicator can be semi-statically configured via RRC signaling, e.g., for periodic or semi-persistent reference signals. As another option, the indicator can be dynamically indicated via DCI signaling, e.g., for aperiodic reference signals.
Proposal 7 On how to associate the indicated TCI state(s) with CSI-RS and SRS, it should be considered to introduce an indicator for CSI-RS and SRS.



[bookmark: Figure2PDCCH]Figure 2. An example of PDCCH reception within a time period of one DL TCI state for PDCCH repetition

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 a time period applying 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, 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).
Proposal 8 When two linked PDCCH candidates for PDCCH repetition are within a time period applying one DL TCI state, the following alternatives should 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 Considering the consistency of design in Rel-18, it is supported to use a DCI format 1_1/1_2 to inform which joint/DL TCI state(s) indicated by MAC-CE/DCI that the UE shall apply to PDSCH reception, and the switching between STRP and MTRP could be implicitly indicated according to number of indicated TCI states at least for PDSCH reception.
Proposal 2 For S-DCI based MTRP, not to support CORESET group configuration is preferred.
Proposal 3 On how to associate the indicated TCI state(s) with each target channel, it should be considered to support the follows.
· For PUSCH, Alt1 is supported.
· 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.
· For PUCCH, Alt1 is supported.
· Alt1: Use RRC configuration to inform the association between the indicated joint/UL TCI state(s) and a PUCCH resource/ group.
Proposal 4 If the TCI states update at a time corresponding to one TRP is not {a joint TCI state} or {a pair of DL and UL TCI states}, the UE will still apply the previously indicated TCI states that are not indicated this time.
Proposal 5 When PUSCH scheduled by a fallback DCI is within a time period applying two UL TCI states, the first UL TCI state is used for the PUSCH.
Proposal 6 When MTRP configured grant PUSCH is within a time period applying one UL TCI state, the first SRS resource set and the associated SRI/TPMI are used for all the PUSCH repetitions.
Proposal 7 On how to associate the indicated TCI state(s) with CSI-RS and SRS, it should be considered to introduce an indicator for CSI-RS and SRS.
Proposal 8 When two linked PDCCH candidates for PDCCH repetition are within a time period applying one DL TCI state, the following alternatives should 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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