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[bookmark: _Toc116995841]Introduction
In RAN #94e, the MIMO evolution downlink and uplink was approved in [1]. Among its objectives, there is the study and specification of two timings advance (TAs) for UL multi-DCI for multi-TRP operations: 
	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.



In the last RAN4 meeting RAN4#109, the following agreements were made and issues discussed regarding timing requirements for UL multi-DCI multi-TRP with two TAs [6]:
	Topic 2: Timing requirements for UL multi-DCI multi-TRP with two TAs

Issue 2-1-1: TAG management for multi-TRP with 2 TAs
Agreement: 
· When the transmission timing difference between two TAGs for multi-TRP operation exceeds the MTTD value, no additional UE behaviour to be defined in RAN4. 

Issue 2-1-2: Number of downlink timing reference
Way forward:
· Option 1: 
· The number of downlink timing references should be equal to the number of TAGs across CCs.




In this contribution we discuss: 
· The number of DL reference timing.

[bookmark: _Toc116995842]Discussion
Regarding DL reference timing
The following issue was discussed in the RAN4 meeting RAN4#106bis-e regarding DL reference timing [2]:
	Issue 2-1-3: Reference timing
· Proposals: 
· Option 1: (Nokia, Ericsson)
· The UE is required to track DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission. 
· Specify for each UL/joint TCI state the DL RS the UE must use for DL time tracking.
· Option 2: (Apple, Nokia, MediaTek, ZTE, vivo, Huawei, Samsung)
· In UL timing requirements, some clarification needs to be added to accommodate
· Two DL reference timings are supported where each DL reference timing is associated with one TAG.
· Two TAGs associated with different UL/joint TCI state.
· Option 3: (MediaTek)
· Each TAG is allowed to have its own DL reference timing. Typically, two TAGs with different DL reference timing
· FFS whether RAN4 needs distinguish same or different DL timing reference in the discussion for 2 TAGs.
· Option 4: (Huawei)
· For multi-DCI based multi-TRP operation, the UL transmit timing for one TAG can be derived from the DL reception timing of the PDCCH/PDSCH which is associated to the same CORESET Pool Index as UL transmission.
Note: FFS on whether single reference shall be allowed or not. More RAN1 input is expected for further RAN4 discussion.



Then, in the RAN4 meeting RAN4#107, the following agreement was made [3]:
	Issue 2-1-2: DL reference timing
Agreement:
· For UL timing requirements, RAN4 to specify requirements to support two downlink reference timings. 
· FFS how to capture it in spec. based on RAN1/RAN2 progress of the definition of TA commands. 




Then, in the RAN4 meeting RAN4#108, the following agreement was made [4]:
	Issue 2-1-2: DL reference timing
Agreement:
· 
For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place  before downlink timing which is associated with UL/joint TCI state. The UL/joint TCI states associated to one coresetPoolIndex correspond to one TAG. 
· FFS
· Option 1: (Huawei)
· DL RS in DL/Joint TCI state of PDCCH is used as reference for deriving the UL timing when both the PDCCH and the uplink are associated to the same coresetPoolIndex indicated UL/Joint TCI state.
· Option 2: (Nokia, Ericsson)
· DL RS associated to the indicated UL/Joint TCI state should be tracked. 



Then, in the RAN4 meeting RAN4#108bis, the following agreement was made [5]:
	Issue 3-1-1: DL reference timing
Agreement:
· 
For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place  before the reception of the first detected path (in time) of the corresponding downlink frame of the reference signal associated with UL/joint TCI state.



Finally, in the last RAN4 meeting RAN4#109, the following issue was discussed [6]:
	Issue 2-1-2: Number of downlink timing reference
Way forward:
· Option 1: 
· The number of downlink timing references should be equal to the number of TAGs across CCs.



It’s also worth recalling the following RAN1 agreement regarding the association of UL signals/channels to TAGs:
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs



The agreement on this topic in RAN4#108bis already states that a UE is required to track one DL reference timing per TAG. And therefore, with two TAGs, the UE is required to track two DL reference timings.
[bookmark: _Toc159169180]A UE is already required to track one DL reference timing per TAG.
[bookmark: _Toc159169181]RAN4 to define no new requirement about the number of DL reference timings.
From Issue 2-1-2 in the last RAN4 meeting, it is clear that some companies have concerns about the number of reference signals that need to be monitored by the UE. In the last agreement the DL reference timing is the one referring to the associated UL/Joint TCI state. That in our understanding refers to the indicated UL TCI state. We show the timeline of TCI switching below.

[image: ]
Figure 1 Example of TCI state switching timeline with 2 UL.
In the TCI state switching timing with 2 UL shown above, we can notice that the UE is first receiving the MAC CE activation command, containing up to 8 TCI states for TRP 1, which is followed by a T/F sync, as described in the MAC CE active list update delay in 38.133. After this T/F sync the UE is expected to be ready to receive a DCI indication to any of the activated TCI states. In this example TCI#1 is indicated via DCI, and the UE starts transmitting using TCI#1, but the network could in fact indicate any of the activated TCI states in this step. Therefore, in order to be able to follow the BAT the UE shall in any case be maintaining the T/F synchronization related to the activated TCI states, otherwise it won’t be able to transmit with the required UL timing accuracy after the beam application time. 
[bookmark: _Toc159169182]The UE needs to be monitoring DL-RS before DCI-based TCI switching command.
Considering Figure 2, the DL frame boundary of 2 TCI states coming form the same TRP cannot be assumed to be the same, unless they are transmitted with small angular separation. On the other hand, there may be UEs that are capable to track a number of DL reference timings that is higher than the number of TAGs. That can be beneficial even in a single-TRP scenario with strong multi-path fading, where different propagation delays can be measured from one TRP to the UE depending on the CSI beam used (see also Figure 2). Note that using at the UE the same DL reference timing for the two CSI beams highlighted in  may lead to additional interference that eventually can cause throughput degradation.


[image: ]
[bookmark: _Ref158127176]Figure 2. Scenario where 2 CSI beams from the same TRP have different propagation delays to the UE.
[bookmark: _Toc159169183]The number of DL reference timings a UE can track is a capability that a UE could report back to the network for achieving better performance. 
From the existing RAN4 agreement, one can understand that the UE in practice needs to monitor as many DL-RS as the supported number of TCI states. If the UE is not capable of tracking DL-RS the best approach would be to request RAN2 to define a new UE capability indicating how many DL reference timings the UE is able to track. That information can be used by the network when updating the list of activated TCI states that contain common QCL-A/C reference signals for DL frame boundary detection. 
[bookmark: _Toc159169184][bookmark: _Toc159169185][bookmark: _Toc158127320][bookmark: _Toc158127337][bookmark: _Toc158127359][bookmark: _Toc158127388][bookmark: _Toc158127321][bookmark: _Toc158127338][bookmark: _Toc158127360][bookmark: _Toc158127389][bookmark: _Toc158127322][bookmark: _Toc158127339][bookmark: _Toc158127361][bookmark: _Toc158127390][bookmark: _Toc158127323][bookmark: _Toc158127340][bookmark: _Toc158127362][bookmark: _Toc158127391][bookmark: _Toc158127324][bookmark: _Toc158127341][bookmark: _Toc158127363][bookmark: _Toc158127392][bookmark: _Toc158127325][bookmark: _Toc158127342][bookmark: _Toc158127364][bookmark: _Toc158127393][bookmark: _Toc158127326][bookmark: _Toc158127343][bookmark: _Toc158127365][bookmark: _Toc158127394][bookmark: _Toc158127327][bookmark: _Toc158127344][bookmark: _Toc158127366][bookmark: _Toc158127395][bookmark: _Toc158127328][bookmark: _Toc158127345][bookmark: _Toc158127367][bookmark: _Toc158127396][bookmark: _Toc158127329][bookmark: _Toc158127346][bookmark: _Toc158127368][bookmark: _Toc158127397][bookmark: _Toc158127330][bookmark: _Toc158127347][bookmark: _Toc158127369][bookmark: _Toc158127398][bookmark: _Toc158127331][bookmark: _Toc158127348][bookmark: _Toc158127370][bookmark: _Toc158127399][bookmark: _Toc158127332][bookmark: _Toc158127349][bookmark: _Toc158127371][bookmark: _Toc158127400]There is no need to capture in RAN4 specification requirements about the number of DL reference timings a UE is capable track. If there is a need to define a capability related to the number of DL reference timings a UE can track, then send LS to RAN2.

[bookmark: _Toc116995848]Conclusion
In this contribution we discussed how to select the DL reference timing and the TAG management issue for multi-TRP. The following Observations and Proposals were made:
Observation 1: A UE is already required to track one DL reference timing per TAG.
Proposal 1: RAN4 to define no new requirement about the number of DL reference timings.
Observation 2: The UE needs to be monitoring DL-RS before DCI-based TCI switching command.
Observation 3: The number of DL reference timings a UE can track is a capability that a UE could report back to the network for achieving better performance.
Proposal 2: There is no need to capture in RAN4 specification requirements about the number of DL reference timings a UE is capable track. If there is a need to define a capability related to the number of DL reference timings a UE can track, then send LS to RAN2.
[bookmark: _Toc116995849]
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