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1 Introduction
In this meeting, we will provide our view regarding to the unified TCI state for DL and UL, the WF[1] in last meeting is as follows:
	· Specify TCI switching delay requirements for 
· Joint TCI with UL and DL 
· Separate TCI for UL
· FFS: TCI for DL
· Specify the requirements for PL-RS update under unified TCI framework


2 Joint TCI and sperate TCI state
Since in RAN1, it’s agreed that MAC-CE based and MAC-CE+DCI-based beam indication schemes are supported for unified TCI. In legacy Rel-15 RAN4 TCI state switch, we also define MAC-CE, DCI based TCI state switch. Therefore, MAC-CE and DCI based UL TCI state switch for unified TCI needs to be defined. 

Proposal 1: For unified TCI, MAC-CE and DCI based TCI state switch delay needs to be defined.

There are two types of unified TCI framework:
(1) Joint TCI mode
Joint DL/UL is used when there is Perfect beam correspondence between DL and UL and the same beam is used for both DL and UL. A common source reference RS is used for determining both the DL QCL information and the UL TX spatial filter.
(2) Separate TCI mode
Separate DL/UL TCI is used for case with no beam correspondence and different beams are used in DL and UL. The new UL TCI concept will replace uplink spatialRelationInfo, a source reference signal in the UL TCI will provide a reference for determining UL TX spatial filter.

For separate TCI mode, TCI state switch delay for DL and UL needs to be defined separately.

Observation 1: For separate TCI mode, TCI state switch delay for DL and UL needs to be defined separately.

For Joint DL/UL mode, a common source reference RS is used for determining both the DL QCL information and the UL TX spatial filter. For a joint TCI state switching delay, there are two methods:

1. Define one single delay requirements for both DL/UL TCI state switch.

2. Define two delay requirements for DL/UL TCI respectively.

For method 1, If a single requirement is designed for both DL and UL, it will be based on the longer delay requirement between DL/UL TCI state switch. 

For MAC CE based TCI switch delay for DL and UL, one difference is the timing tracking for DL TCI switch if the target TCI is not in the active TCI state list. While for UL, the time for timing tracking is not needed. However, for UL, the impact of PL-RS needs to be considered.  It’s hard to decide whether DL or UL TCI state switch delay is longer.
For DCI based delay requirement, the delay requirement is referred to RAN1. It’s FFS whether DL or UL TCI state switch delay is longer.
Therefore, it’s hard to define a single delay requirement for joint DCI case.

Observation 2: If a single delay requirement is defined for joint TCI mode, it will be based on the longer delay requirement between DL/UL TCI state switch. It’s hard to decide whether DL or UL TCI state switch delay is longer.

For method 2, since the only difference between joint DCI and separate TCI is that whether the source reference RS for DL and UL is the same or not. Therefore, the DL/UL TCI state switch delay in joint mode are the same as those in separate TCI case.
Then, it seems that we only need to define the delay requirement for DL TCI and UL TCI in separate TCI mode respectively. Don’t need to further differentiate the joint TCI case or separate TCI case.

Observation 3: The DL/UL TCI state switch delay in joint mode are the same as those in separate TCI case.

Proposal 2: Define delay requirement for DL/UL TCI state switch respectively, which can apply for both separate TCI and joint TCI mode.

It’s agreed in RAN1#106bis that legacy MAC-CE based TCI activation timeline will be re-used and no advanced beam refinement will be further discussed. Since in previous meeting, RAN1 is discuss whether MAC CE based activation delay can be further enhanced.
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication for CA, the first slot and the Y symbols are both determined on the carrier with the smallest SCS among the carrier(s) applying the beam indication. 
· For Rel-17 MAC-CE based beam indication (when only a single TCI codepoint is activated) and activation, it follows the Rel-16 application timeline of MAC-CE activation
· How to capture this in the specifications is up to the editors

Conclusion
Discussion on advanced beam refinement/tracking (“issue 6”) is suspended for the remaining of Rel-17 NR_FeMIMO multi-beam enhancement (due to lack of time).



Observation 4: legacy MAC-CE bsed TCI activation timeline will be re-used and no enhancement will be further studied in RAN1.


Therefore, for DL TCI in separate TCI mode, legacy MAC CE based TCI state switching delay in RAN4 can be re-used.


Proposal 3: For DL TCI state switch, legacy MAC CE based TCI state switching delay requirement can be re-used.

For UL TCL state switch in separate TCI mode, the legacy MAC CE and DCI based uplink spatial info switch delay can be used as the baseline.

Proposal 4: For UL TCI state switch, the legacy MAC CE based and DCI based uplink spatial info switch delay requirement will be used as the baseline.

3 PL-RS
The RAN1 related agreement for PL-RS is as follows:
	RAN1 # 105
Agreement
On path-loss measurement 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.
· Whether a UE supports “beam misalignment or not” (detailed definition FFS) between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is a UE capability
· Note: The term “beam misalignment” is for discussion purpose only
· Whether it is ‘included in’ or ‘associated with’ (including the manner it is performed and the signaling) is up to RAN2
· The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state
· The maximum number of activated UL TCI states or (if applicable) joint TCI states per band per cell is a UE capability
· FFS: detailed aspects of PL-RS, e.g. CSI-RS type(s), restriction on configuration
· FFS: For the definition of “beam misalignment or not”, at least consider the case where the periodic DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication is configured/associated as the PL-RS
· Note: PL-RS is assumed to be periodic



Observation 5: On path-loss measurement 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.

Observation 6: On path-loss measurement for Rel.17 unified TCI framework, The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state.

From the RAN1’s the agreement, PL-RS may be also included or associated in Rel-17 Unified TCI framework. In current RAN4 spec, the delay of PL-RS has already been considered for MAC-CE based uplink spatial info switch, then we may also consider the impact of PL-RS in UL TCI state or joint TCI state as well.
for Rel-16 uplink spatial info switch, PL-LS activation is trigger by MAC-CE, where extra delay will be considered if uplink spatial info switch and PL-RS activation are not in the same MAC-CE. However, if PL-RS is included or associated in unified TCI framework, the extra delay time can be saved.

For legacy RL-RS activation delay, it is defined as:
n +  + .
Where NM = 1, if the target PL-RS is not maintained by the UE, 0 otherwise.

It shows that extra L1-RSRP measurement is needed when PL-RS is not maintained. however, in RAN1 it’s agreed that UE will maintains the PL-RS of the activated UL TCI state or joint TCI state. Therefore, the extra delay due the non-maintaining the RL-RS will be saved for rel-17 unedified TCI framework design.

Proposal 5: For Rel-17 TCI switching delay, the delay time caused by PL-RS will be reduced, compared with legacy requirement in uplink spatial info switch.

Besides, RAN1 is discussing the definition of alignment or misalignment between PL-RS and spatial relation RS in the UL or joint TCI state.
	RAN1 #106:
Agreement
On path-loss measurement for Rel.17 unified TCI framework, at least for discussion purposes:
· “Beam alignment” is defined as follows: 
· The event that the PL-RS is identical to the spatial relation RS in the UL or (if applicable) joint TCI state. 
· FFS: how to define “beam alignment” if the PL-RS and the spatial relation RS in the UL or (if applicable) joint TCI state are not identical
Any other case, it is defined as beam misalignment



Observation 7: Definition of beam alignment or misalignment between PL-RS and spatial relation RS in the UL or joint TCI state is considered in RAN1.
In previous UL spatial info switch delay discussion in Rel-16, RAN4 has similar discussion. It is proposed that when RS in PL-RS and source RS in the uplink spatial info are not QCL-ed, no requirement apply. There will be UL transmission performance degradation However, finally it’s decided not to have such restraints since there is no limitation in RAN1 spec then.

In Rel-17, RAN1 has identify this issue and start to discuss the mismatch scenarios either, from our understanding, it’s better to define delay requirement for Beam alignment case first.

Proposal 6: Define UL TCI state switch delay requirement for beam alignment case firstly. Further discuss if delay requirement for beam misalignment is needed.

4 Conclusion
In this contribution, we provide our views regarding Unified TCI state in FeMIMO:
Proposal 1: For unified TCI, MAC-CE and DCI based TCI state switch delay needs to be defined.
Observation 1: For separate TCI mode, TCI state switch delay for DL and UL needs to be defined separately.
Observation 2: If a single delay requirement is defined for joint TCI mode, it will be based on the longer delay requirement between DL/UL TCI state switch. It’s hard to decide whether DL or UL TCI state switch delay is longer.
Observation 3: The DL/UL TCI state switch delay in joint mode are the same as those in separate TCI case.
Proposal 2: Define delay requirement for DL/UL TCI state switch respectively, which can apply for both separate TCI and joint TCI mode.
Observation 4: legacy MAC-CE based TCI activation timeline will be re-used and no enhancement will be further studied in RAN1.
Proposal 3: For DL TCI state switch, legacy MAC CE based TCI state switching delay requirement can be re-used.
Proposal 4: For UL TCI state switch, the legacy MAC CE based and DCI based uplink spatial info switch delay requirement will be used as the baseline.
Observation 5: On path-loss measurement 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.
Observation 6: On path-loss measurement for Rel.17 unified TCI framework, The UE maintains the PL-RS of the activated UL TCI state or (if applicable) joint TCI state.
Proposal 5: For Rel-17 TCI switching delay, the delay time caused by PL-RS will be reduced, compared with legacy requirement in uplink spatial info switch.
Observation 7: Definition of beam alignment or misalignment between PL-RS and spatial relation RS in the UL or joint TCI state is considered in RAN1.
Proposal 6: Define UL TCI state switch delay requirement for beam alignment case firstly. Further discuss if delay requirement for beam misalignment is needed.

5 Reference 
[1]  R4-2115355, WF on FeMIMO RRM, Samsung








