3GPP TSG-RAN WG4 Meeting #101-bis-e                            R4-2200642
Electronic Meeting, January 17-25, 2022
Agenda Item:
6.19.3.1
Source: 
CMCC

Title: 


 Discussion on unified TCI
Document for:
Discussion 
1. Introduction

In the last meeting, there is discussion on unified TCI for DL and UL, a WF was agreed [1]. This contribution provides further discussion on this topic.
2. Discussion 
The agreements on unified TCI are duplicated as following:

	· Define the following requirements

· DCI and MAC-CE based TCI switching delay requirements
· DL/UL TCI switching requirements for both joint TCI and separate TCI.
· TCI switching delay requirements for the case when target TCI is associated with one of serving cell or non-serving cell (i.e., cell with different PCI)

· Define requirements at least for Rel-17 TCI state switching framework
· UL TCI state switching delay requirements when target TCI is associated with DL-RS

· Pathloss RS switch delay requirement for beam alignment case


It can be seen that the high-level principle on how to define the unified TCI switching delay requirements are agreed, but the details of the requirements are FFS.

For MAC-CE based DL/UL TCI switching delay in separate TCI mode for serving cell, it was agreed to reuse existing known conditions for associated DL-RS, and existing MAC-CE based TCI switching delay requirements for DL TCI switching delay requirements for PDCCH and PDSCH are reused. Similar situation for UL, existing MAC-CE based uplink spatial relation switching requirements for UL TCI switching delay are agreed as starting points. As for the details of UL requirements, more discussion is needed. 
According to existing requirements, for Rel-16, uplink spatial relation switch delay requirements and pathloss reference signal switching delay requirements are specified respectively. And when the UL spatial relation info switch for PUCCH changes both the associated DL RS and pucch-PathlossReferenceRS with the same MAC-CE activation, and if both the DL RS and pucch-PathlossReferenceRS are known, the UE shall be able to transmit PUCCH with the target UL spatial relation after the delay specified for MAC-CE based known pathloss reference signal switch. It means for the known case, existing requirements can be reused. While for the unknown case, either the associated DL RS or pucch-PathlossReferenceRS are unknown, there is no existing requirements, a longer switching delay is allowed, which means the detailed requirements need to be specified.
Observation 1: according to existing spec, when the UL spatial relation info switch for PUCCH changes both the associated DL RS and pucch-PathlossReferenceRS with the same MAC-CE activation, and if both the DL RS and pucch-PathlossReferenceRS are known, the UE shall be able to transmit PUCCH with the target UL spatial relation after the delay specified for known pathloss reference signal switch.
Observation 2: for the unknown case, either the associated DL RS for uplink spatial relation switching or pucch-PathlossReferenceRS are unknown, according to existing spec, a longer switching delay is allowed, which means there are no detailed requirements.
According to RAN1 agreements, for Rel.17 unified TCI framework, a PL-RS (configured for path-loss calculation) is either included in UL TCI state or (if applicable) joint TCI state or associated with UL TCI state or (if applicable) joint TCI state. The case that a PL-RS is included in UL TCI state or joint TCI state, in our understanding, is similar like the case that both the associated DL RS for UL spatial relation info and pucch-PathlossReferenceRS are configured with the same MAC-CE activation, and the existing requirements can be reused, which means the existing MAC-CE based pathloss reference signal switch delay requirements can be reused. One thing to be noted is that uplink spatial relation is in use in previous release, but for Rel-17 unified TCI, UL TCI state is adopted in RAN1, and the terminology of RAN4 requirements need to be updated accordingly.
Observation 3: for MAC-CE based UL TCI switching in separate TCI mode for serving cell, the case that a PL-RS is included in UL TCI state or joint TCI state is similar like the scenario specified in existing spec that both the associated DL RS for UL spatial relation info and pucch-PathlossReferenceRS are configured with the same MAC-CE activation.

Proposal 1: for MAC-CE based UL TCI switching in separate TCI mode for serving cell, for the case that a PL-RS is included in UL TCI state or joint TCI state, the existing requirements can be reused, which means the existing MAC-CE based pathloss reference signal switch delay requirements can be reused, but the terminology of UL spatial relation need to be updated by UL TCI state.
For the case a PL-RS is associated with UL TCI state or joint TCI state, in our view, it means that UL TCI and RL-RS are configured separately, the requirements can be specified separately, and the existing requirements can be reused.

Proposal 2: for MAC-CE based UL TCI switching in separate TCI mode for serving cell, for the case that a PL-RS is associated with UL TCI state or joint TCI state, UL TCI switching delay requirements and pathloss reference signal switching delay requirements can be specified separately, and the existing requirements can be reused.   
For MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell, one open issue is whether to define a total switching delay requirement or re-use the legacy requirements or DL/UL TCI switching delay defined in separate mode. The joint TCI mode means that a single MAC CE is used to indicate both the DL and UL TCI switch, as for the UE behavior, in our understanding, UE will perform the DL TCI state switch and UL TCI state switch separately. From this point of view, it is proposed to define separate switching delay requirements for UL and DL.
Proposal 3: For MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell, it is proposed to define the DL switching delay requirements and UL switching delay requirements separately.
For DCI based TCI state switching, RAN1 has defined the delay requirements. On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot to apply the indicated TCI is at least Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication. 
Proposal 4: For DCI based TCI state switching (joint or UL TCI), the delay requirements can be defined based on RAN1 agreements of Y symbols. 
3. Conclusion
This contribution provides discussion on unified TCI. The observations and proposals are:
Proposal 1: for MAC-CE based UL TCI switching in separate TCI mode for serving cell, for the case that a PL-RS is included in UL TCI state or joint TCI state, the existing requirements can be reused, which means the existing MAC-CE based pathloss reference signal switch delay requirements can be reused, but the terminology of UL spatial relation need to be updated by UL TCI state.
Proposal 2: for MAC-CE based UL TCI switching in separate TCI mode for serving cell, for the case that a PL-RS is associated with UL TCI state or joint TCI state, UL TCI switching delay requirements and pathloss reference signal switching delay requirements can be specified separately, and the existing requirements can be reused.   

Proposal 3: For MAC-CE based DL/UL TCI switching delay in Joint TCI mode for serving cell, it is proposed to define the DL switching delay requirements and UL switching delay requirements separately.

Proposal 4: For DCI based TCI state switching (joint or UL TCI), the delay requirements can be defined based on RAN1 agreements of Y symbols. 
Observation 1: according to existing spec, when the UL spatial relation info switch for PUCCH changes both the associated DL RS and pucch-PathlossReferenceRS with the same MAC-CE activation, and if both the DL RS and pucch-PathlossReferenceRS are known, the UE shall be able to transmit PUCCH with the target UL spatial relation after the delay specified for known pathloss reference signal switch.

Observation 2: for the unknown case, either the associated DL RS for uplink spatial relation switching or pucch-PathlossReferenceRS are unknown, according to existing spec, a longer switching delay is allowed, which means there are no detailed requirements.

Observation 3: for MAC-CE based UL TCI switching in separate TCI mode for serving cell, the case that a PL-RS is included in UL TCI state or joint TCI state is similar like the scenario specified in existing spec that both the associated DL RS for UL spatial relation info and pucch-PathlossReferenceRS are configured with the same MAC-CE activation.
4. Reference
[1] R4-2120320, WF on RRM impact for unified TCI in FeMIMO, Intel
