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[bookmark: _Toc116995841]Introduction
In RAN4#107, the following agreements were made regarding the scope of the MIMO_evo_DL_UL work in RAN4 R4-2310178 [1]: 
	3. Topic #3 Unified TCI Framework extended to M-TRP
Issue 3-1-1: For eUTCI, whether to support intra-cell mTRP and inter-cell mTRP scenarios?
· Agreements
· Consider both intra-cell and inter-cell mTRP scenarios
· FFS if inter-cell mTRP scenario would apply for simultaneous reception based mTRP scheme in FR2
Issue 3-1-2: For eUTCI, whether to support simultaneous reception in mTRP?
· Agreements
· Define eUTCI RRM requirements to support simultaneous reception in mTRP for FR1
 
Issue 3-1-4: Whether to introduce RRM requirements for eUTCI if UE can support sTxMP? 
· Proposals
· Proposal 1: Define requirements for uTCI extension to mTRP for sTxMP.
· Proposal 2: 
· The existing requirements for unified TCI can be applicable to STxMP enhancement if simultaneous reception or transmission with multi panel is not assumed.
· Discuss requirements with simultaneous UL transmission with multi-panel in future release.
· Proposal 3: 
· Wait for further RAN1 progress
 
Issue 3-1-5: For eUTCI, whether to consider repetition and SFN for RRM impacts? 
· Proposals
· Proposal 1: 
· Yes
· Proposal 2: 
· No
 
Issue 3-1-6: Whether/How to specify TCI state switching requirements for eUTCI?
· RAN4 to discuss:
· For mDCI based mTRP:
· FFS: For UE not support two TAs, for each TRP joint/DL/UL TCI states, R17 Active downlink/uplink TCI state switching delay for unified TCI requirements can be reused by association to corestPoolIndex.
· FFS on the known condition and UE track timing/frequency from different TRPs if two TAs
· For sDCI based mTRP:
· FFS: Whether different RRM requirements are based on different physical channels?
· FFS: Whether to specify different RRM requirements to support one or two TCI states are switched?
· FFS: Whether to specify RRC based TCI state switch delay requirements for eUTCI?
· 




This paper discusses the extension of the Unified TCI framework to mTRP. In this context, sDCI and mDCI operations are addressed as well as support for intra- and inter-cell scenarios. Furthermore, switching requirements are discussed.

[bookmark: _Toc116995842]Discussion
Simultaneous reception in mTRP for FR1 and FR2
In the last RAN4 meeting, the simultaneous reception using mTRP was discussed in the following issues [1]:
	Issue 3-1-1: For eUTCI, whether to support intra-cell mTRP and inter-cell mTRP scenarios?
· Agreements
· Consider both intra-cell and inter-cell mTRP scenarios
· FFS if inter-cell mTRP scenario would apply for simultaneous reception based mTRP scheme in FR2



The Rel-17 FeMIMO Objectives include inter-cell scenario (RP-193133), see objective 2 below: 
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception



Ending Rel-17, we have crystallized the Rel-17 features of FeMIMO in RP-220802 [2], where inter-cell multi-TRP operation is listed: 
	In Rel-17, multi-TRP PDSCH transmission is further extended to inter-cell operation. A UE can be configured with SSB associated with PCI which are different from serving cell PCI, known as additional PCI. At most 7 different additional PCI can be configured to the UE, and only one is activated for inter-cell multi-TRP operation. The additional PCI can be associated with one or more TCI states, and gNB can schedule PDSCH dynamically from either TRP by indicating TCI in DCI.  

In Rel-17, beam reporting and BFR are enhanced for mTRP scenario specifically. For beam reporting enhancement, framework of Rel-15 group based beam reporting is extended to facilitate simultaneous transmission of multiple TRPs. To achieve that, one CSI resource setting including two resource sets corresponding to two TRPs can be configured. In a CSI-report, UE can report N (Nmax = {1, 2, 3, 4}) groups of simultaneously received beams, wherein each reported beam in one group corresponds to one TRP. 



From TS 38.331, if groupBasedBeamReporting-v1710 is configured in the CSI-ReportConfig IE, then it indicates that this CSI-ResourceConfig is used as resourceForChannelMeasurement. The network configures 2 resource sets, which may be: 
· two NZP CSI-RS resource sets, 
· two CSI SSB resource sets, or 
· one NZP CSI-RS resource set and one CSI-SSB resource set 

[bookmark: _Toc142645472]Both intra-cell and inter-cell operations as feasible for Rel-17 group based beam reporting.
[bookmark: _Toc142645473]Additional PCI is already specified in Rel-17.
[bookmark: _Toc142645474]Since group-based beam reporting is feasible for inter-cell mTRP, support in RAN4 that the inter-cell mTRP scenario applies to simultaneous reception based mTRP scheme.
[bookmark: _Toc142645475]RAN4 to define requirements for simultaneous reception in Rel-18 including intra-cell and inter-cell mTRP scenario for FR1 and FR2. 

TCI state switching requirements
In the last RAN4 meeting the TCI switching requirements were discussed in the following issues [1]:
	Issue 3-1-6: Whether/How to specify TCI state switching requirements for eUTCI?
· RAN4 to discuss:
· For mDCI based mTRP:
· FFS: For UE not support two TAs, for each TRP joint/DL/UL TCI states, R17 Active downlink/uplink TCI state switching delay for unified TCI requirements can be reused by association to corestPoolIndex.
· FFS on the known condition and UE track timing/frequency from different TRPs if two TAs
· For sDCI based mTRP:
· FFS: Whether different RRM requirements are based on different physical channels?
· FFS: Whether to specify different RRM requirements to support one or two TCI states are switched?
· FFS: Whether to specify RRC based TCI state switch delay requirements for eUTCI?




In single-DCI scenario, a single-DCI is used to indicate both TCI states. In case of multi-DCI based TCI state switching, the UE is expected to receive DCI commands for each PDSCH independently, and therefore will have two TCI states indicated for PDCCH and two TCI states indicated for PDSCH. In Rel-16, RAN1 has already specified that TCI switching is related to the timeDurationForQCL.
From Rel-17, the unified TCI state activation list contains serving cell ID. The configuration of s-DCI or m-DCI is performed via RRC Configuration.
· mDCI scenario:
For Rel-18, in multi-DCI scenario the indication of 2 TCI states is done independently for each coresetPoolIndex. Furthermore, RAN1 agreed that the TCI activation list also contains the coresetPoolIndex (as highlighted in bold below) used to identify which TRP the TCI is associated to): 
	Agreement (RAN1#110bis-e)
On unified TCI framework extension for M-DCI based MTRP:
· The existing TCI field in a DCI format 1_1/1_2 (with or without DL assignment) associated with one coresetPoolIndex value can indicate the joint/DL/UL TCI state(s) specific to the same coresetPoolIndex value 
· FFS: The UE shall apply the indicated joint/DL/UL TCI state(s) specific to a coresetPoolIndex value to channel(s)/signal(s) that have explicit or implicit association with the same coresetPoolIndex value
· A coresetPoolIndex value field is included in TCI state activation command (MAC-CE) to indicate that the mapping between the activated TCI state(s) and the TCI codepoint(s) is specific to which coresetPoolIndex value



For Rel-18, in multi DCI scenario the indication of 2 TCI states is done independently for each coresetPoolIndex.
Since Rel-18 enables the operation of one TRP being able to activate a TCI state of another TRP (because the activation list structure includes coresetPoolIndex), the timing requirements need to be adjusted accordingly. Else, there may be a situation that TRP2 should have activated a TCI state before having even received the information to activate it, as illustrated in the flow chart below:
[image: A diagram of a process flow

Description automatically generated]
Figure 1: one TRP being able to activate a TCI state of another TRP resulting in different activation delays.
With non-ideal backhaul, TRP1 may activate a TCI state belonging to TRP2 before that TRP2 has received the HARQ-ACK from UE (via TRP1). In other words, the beam application time that is feasible between the activating TRP (TRP1) and the UE may not be feasible between the candidate TRP of the activated TCI state (TRP2) and the UE, due to non-ideal backhaul.
[bookmark: _Toc142645476]mDCI based schemes may need different requirements than sDCI based schemes for mTRP due to non-ideal backhaul delays.
There is a difference whether the switched TCI is anchored in the same TRP than the one sending the TCI switching command or not. There may need to be a differentiation whether the activated TCI for PxSCH is from the same TRP than the activating TRP.
In other words, we need to study the case where the MAC activation command for the TCI switch contains a different coresetPoolIndex (i.e. the one of the “target TCI”) than the coresetPoolIndex of the current TCI state.
[bookmark: _Toc142645477]Define different activation delay requirements for sDCI and mDCI for TCI state switching requirements.
[bookmark: _Toc142645478]In the use case of the target TCI state having the same coresetPoolIndex than the one included in the MAC activation command, reuse the current requirements.
[bookmark: _Toc142645479]Study how to define the requirements in the case that MAC CE indicating/updating active TCI states is for a coresetPoolIndex/TRP which is different from the coresetPoolIndex/TRP used for the PDSCH carrying that MAC CE Command. 
· sDCI scenario:
[bookmark: _Toc142645480]sDCI uses a single codeword up to four layers and therefore a single MCS is to be used for both TCI states. Therefore, sDCI is usually more prone for application when there is similar SINR achieved from both TRPs.
[bookmark: _Toc142645481]RAN4 RRM requirements do not need to differentiate between channels for the requirements. Differentiate between MAC CE and DCI switch activation delays.
[image: A diagram of a radio tower

Description automatically generated]
Figure 2: Example of pair switch where both beams of the pair are switched.
[image: A diagram of a radio tower

Description automatically generated]
Figure 3: Example of pair switch where only one of the beams of the pair is switched.
[bookmark: _Toc142645482]In order to limit the scheduling interruption, the scenario where both beams are switched or where only one of the two beams is switched should be differentiated. The network can use the scheduling opportunities during the beam pair switch (in DL or UL or both) for the UEs that are capable of receiving/transmitting (i.e. no interruption) during the switch.
[bookmark: _Toc142645483]Study the switching delay requirements and the scheduling opportunities for the two separate use cases where either only one TCI state of the beam pair is switched or where both TCI states of the beam pair are switched, in sDCI and in mDCI.
[bookmark: _Toc142645484]In sDCI, even if only one TCI state of the pair is switched but the other one remains, the TCI switching delay applies for both beams.
In mDCI scenario, the DCI switching is performed independently by coresetPoolIndex. In this situation it is expected that the UE has the hardware capability of performing the switching for 1 TRP without any impact, like interruptions, in the other TRP. Therefore, it is needed to clarify in specifications that the independence between TRPs is assumed and that no interruption is caused in the ongoing communication of one TRP due to beam switch in another TRP. 
[image: image]
Figure 4 Example of mDCI operation, with TCI command on TRP1 while TCI state in TRP2 is unchanged
[bookmark: _Toc142645485]In mDCI scheme, DCI switching of the beam pair where only one of the beams is switched shall not cause scheduling interruption on the beam that remains in the pair.

The configuration of the pool of TCI states is done in RRC and it can be done either for joint or for separate TCI operation. In joint operation the pool is up to 128 TCI states. Then, MAC can activate a pool of up to 8 TCI codepoints, each of them either pointing to a DL, an UL or a joint DL/UL pair of TCI states. Finally, the indication is done via DCI whenever the pool of activated TCI states contains more than 1 TCI state.  
Moreover, MAC activation latency applies for indication in case of: 
- a TCI state for PDCCH
- a TCI list containing only 1 TCI state
- applying the default TCI state before the first DCI command
The activation latencies are illustrated the figure below:
[image: A diagram of a computer program

Description automatically generated]
[bookmark: _Ref135074545]Figure : TCI state activation delay.
MAC activation delay is defined since Rel-17 for single TRP and is roughly 3 ms as defined from TS38.133.
In FR2_multiRx, RRC based TCI state switch is already taking place. In the last RAN4#107 Multi-Rx RRM meeting, the following was agreed [3]: 
	Sub-topic 2-4: RRC based TCI state switch
R4-2310047 Agreements:
· The requirements for multi-RX operation on RRC based PDCCH TCI state switch will be considered only if specifications support the procedure.
	o FFS: The procedure can include TCI state switch to single TCI, or switch to Dual TCI.



The most typical case for TCI switching would be MAC CE based when comparing to RRC based switching, since MAC CE doesn’t involve RRC processing delay. In that perspectice, MAC CE switching can be taken with higher priority than RRC based switching. Considering also that a similar discussion is taking place as part of the MultiRx requirements, we can take the conclusions for RRC from multi Rx.

[bookmark: _Toc142645486]RRC based TCI switch delay requirements only apply to the case where there is a single TCI state that is activated.
[bookmark: _Toc142645487]For sDCI use case, the current requirements should be reused for RRC based TCI switching. 
[bookmark: _Toc142645488][bookmark: _Toc142645489]For mDCI use case, reuse conclusions form multi-Rx WID regarding RRC based TCI switching.

Unified TCI extension for STxMP
The unified TCI extension for STxMP was discussed in the following issues [1]:
	Issue 3-1-4: Whether to introduce RRM requirements for eUTCI if UE can support sTxMP? 
· Proposals
· Proposal 1: Define requirements for uTCI extension to mTRP for sTxMP.
· Proposal 2: 
· The existing requirements for unified TCI can be applicable to STxMP enhancement if simultaneous reception or transmission with multi panel is not assumed.
· Discuss requirements with simultaneous UL transmission with multi-panel in future release.
· Proposal 3: 
· Wait for further RAN1 progress




Current MAC-CE TCI Switch requirements for UL TCI are defined for the unified TCI framework considering a single UL target TCI state. One big difference in Rel-18 is that simultaneous transmission is being defined, where 2 target TCI states may be indicated/activated. Therefore, in order to support STxMP, RAN4 needs to define requirements for TCI switch and activation delay considering the simultaneous transmission. This is also reflected in the RAN1#109 agreement below from R1-2205407: 

	RAN1#109 Agreement
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously.
· FDM-B scheme: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
· FDM-A scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.




[bookmark: _Toc142645490]We support proposal 1, RAN4 to discuss requirements for STxMP MAC CE TCI switching requirements when target TCI state includes 2 TCIs i.e. simultaneous UL transmission with multi-panel. 
[bookmark: _Toc142645491]RAN4 to discuss requirements for STxMP DCI TCI switching requirements when target TCI state includes 2 TCIs. 
[bookmark: _Toc142645492]RAN4 to consider TCI switch delay that include timing reference signal per TCI state. 

PDCCH Repetition and SFN for RRM impact
The PDCCH repetition and SFN was discussed in the following issues [1]:
	Issue 3-1-5: For eUTCI, whether to consider repetition and SFN for RRM impacts? 
· Proposals
· Proposal 1: 
· Yes
· Proposal 2: 
· No



From Rel-17, RAN1 has agreed the following in FeMIMO for PDCCH repetitions in RP-220802 [2]:
	In Rel-17, PDCCH repetition is defined by explicit linkage between two search space sets. The two linked search space sets can be associated with corresponding CORESETs with different TCI states, hence, achieving beam-diversity for PDCCH transmission. In Rel-17, only intra-slot PDCCH repetition is supported, and also, PDCCH repetition is only supported for USS or Type3 CSS. In addition, the linkage is specified at the PDCCH candidate level by restricting configurations of two linked search space sets resulting in one-to-one mapping between monitoring occasions and between PDCCH candidates of the two linked search space sets. Two linked PDCCH candidates have the same aggregation level, same coded bits, and the same DCI payload. To avoid ambiguity at the UE, a reference PDCCH candidate is defined for various procedures such as timelines, PUCCH resource determination, PDSCH reception with mapping Type B or mapping Type A, determination of QCL assumption for PDSCH when TCI field is not present in DCI, etc. UE can report whether two blind decodes or three blind decodes are needed for two linked PDCCH candidates. In the case of three blind decodes, overbooking for PDCCH is enhanced accordingly. Furthermore, determination of two QCL-TypeD is specified for FR2 to support time-overlapping PDCCH repetitions. PDCCH repetition is supported also for cross-carrier scheduling through linking two search space sets in both scheduling cell and scheduled cell.



PDCCH repetitions are part of the Rel-17 Unified TCI work and should be enabled with requirements in RAN4. Multi Rx is not working on unified TCI framework and is basing the work on Rel 16 framework. Considering that, it is natural to assume that the requirements related to features related to Rel 17 unified framework should be defined as part of the MIMO evolution work. 
[bookmark: _Toc142645493]PDCCH repetition and SFN use cases should be considered for extension of Rel-17 unified TCI framework.
[bookmark: _Toc116995848]Conclusion
In this paper we addressed the issues regarding Unified TCI framework extension to mTRP for MIMO EVO. The following observations and conclusions were made.  
Observation 1: Both intra-cell and inter-cell operations as feasible for Rel-17 group based beam reporting.
Observation 2: Additional PCI is already specified in Rel-17.
Observation 3: Since group-based beam reporting is feasible for inter-cell mTRP, support in RAN4 that the inter-cell mTRP scenario applies to simultaneous reception based mTRP scheme.
Proposal 1: RAN4 to define requirements for simultaneous reception in Rel-18 including intra-cell and inter-cell mTRP scenario for FR1 and FR2.
Observation 5: mDCI based schemes may need different requirements than sDCI based schemes for mTRP due to non-ideal backhaul delays.
Proposal 2: Define different activation delay requirements for sDCI and mDCI for TCI state switching requirements.
Proposal 3: In the use case of the target TCI state having the same coresetPoolIndex than the one included in the MAC activation command, reuse the current requirements.
Proposal 4: Study how to define the requirements in the case that MAC CE indicating/updating active TCI states is for a coresetPoolIndex/TRP which is different from the coresetPoolIndex/TRP used for the PDSCH carrying that MAC CE Command.
sDCI uses a single codeword up to four layers and therefore a single MCS is to be used for both TCI states. Therefore, sDCI is usually more prone for application when there is similar SINR achieved from both TRPs.
Proposal 5: RAN4 RRM requirements do not need to differentiate between channels for the requirements. Differentiate between MAC CE and DCI switch activation delays.
In order to limit the scheduling interruption, the scenario where both beams are switched or where only one of the two beams is switched should be differentiated. The network can use the scheduling opportunities during the beam pair switch (in DL or UL or both) for the UEs that are capable of receiving/transmitting (i.e. no interruption) during the switch.
Proposal 6: Study the switching delay requirements and the scheduling opportunities for the two separate use cases where either only one TCI state of the beam pair is switched or where both TCI states of the beam pair are switched, in sDCI and in mDCI.
Observation 6: In sDCI, even if only one TCI state of the pair is switched but the other one remains, the TCI switching delay applies for both beams.
Proposal 7: In mDCI scheme, DCI switching of the beam pair where only one of the beams is switched shall not cause scheduling interruption on the beam that remains in the pair.
Observation 7: RRC based TCI switch delay requirements only apply to the case where there is a single TCI state that is activated.
Proposal 8: For sDCI use case, the current requirements should be reused for RRC based TCI switching.
 For mDCI use case, reuse conclusions form multi-Rx WID regarding RRC based TCI switching.
Proposal 9:
Proposal 10: We support proposal 1, RAN4 to discuss requirements for STxMP MAC CE TCI switching requirements when target TCI state includes 2 TCIs i.e. simultaneous UL transmission with multi-panel.
Proposal 11: RAN4 to discuss requirements for STxMP DCI TCI switching requirements when target TCI state includes 2 TCIs.
Proposal 12: RAN4 to consider TCI switch delay that include timing reference signal per TCI state.
Proposal 13: PDCCH repetition and SFN use cases should be considered for extension of Rel-17 unified TCI framework.
[bookmark: _Toc116995849]
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