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

Issue 2-1-1: If UE doesn’t support STxMP and not capable of supporting RTD>CP, whether to define MTTD requirement?
Agreement:
· No need to specify MTTD requirement.

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. 

Issue 2-1-3: How to handle overlapping UL transmissions?
Agreement:
· RAN1 has agreements to apply scheduling restriction.
· No RAN4 spec impact. 

Issue 2-1-4: TAG management for multi-TRP with 2 TAs
Way forward:
· Option 1: (Apple, Nokia)
· RAN4 shall consider some enhancement on TAG management for multi-TRP with 2 TAs.
· Option 1a: 
· UE indicates its category to NW after access NW (baseline UE or advanced UE).
· Network configures UE to monitor RTD between the two TRPs. 
· UE monitors the RTD consistently, and report to network when status changes (e.g. RTD becomes larger than CP for baseline UE)
· Upon receiving RTD status change from UE, network can update configuration accordingly (e.g. fallback to single TAG).
· Option 2: (MediaTek, Huawei)
· When the uplink transmission timing difference between two TAGs exceeds the MTTD value, do not define RAN4 RRM requirements. It’s up to UE implementation on how to handle in this case. 
· Option 3: (Samsung)
· UE may stop transmitting the UL transmissions for any of the two TAGs if the uplink transmission timing difference between two TAGs exceeds the MTTD value.




In this contribution we discuss: 
· How to select the DL reference timing.
· TAG management for multi-TRP.

[bookmark: _Toc116995842]Discussion
Regarding DL reference timing
The following issue was discussed in the RAN4 meeting RAN4#106bis-e regarding DL reference timing [3]:
	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 second last RAN4 meeting RAN4#107, the following agreement was made [4]:
	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. 




Finally, in the last RAN4 meeting RAN4#108, the following agreement was made [2]:
	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. 



The agreement from the last RAN4 meeting states that UL/joint TCI states associated to one coresetPoolIndex, i.e., associated to the same TRP, correspond to one TAG. Note that it is not precluded that UL/joint TCI states associated to different coresetPoolIndex, i.e., associated to different TRPs, correspond to the same TAG. That makes sense because we may have TRPs that are deployed nearby whose associated UL/joint TCI states belong to the same TAG.
[bookmark: _Toc146708714]UL/joint TCI states associated to different coresetPoolIndex, i.e., associated to different TRPs, may correspond to the same TAG.
Then, the agreement from the second last RAN4 meeting states that two downlink reference timings must be supported.
In our understanding, it should be made clear that each DL reference timing is associated with one TAG.
[bookmark: _Toc146708715]For multi-DCI based multi-TRP operation with two TAs, each DL reference timing is associated with one TAG.
On the other hand, the propagation delay between a UE and one TRP can be different depending on the used CSI beam. Figure 1 illustrates such a scenario, where the CSI with stronger signal strength at the UE is CSI#2, whereas the CSI received with the shortest path delay is CSI#3, i.e., a different one.
The different propagation delays for each UL/joint TCI state need to be considered when defining the DL reference timing.
[bookmark: _Toc131949486][bookmark: _Toc135057653][bookmark: _Toc142571799][bookmark: _Toc146708716]The different propagation delays for each UL/joint TCI state need to be considered when defining the DL reference timing.

[image: ]
[bookmark: _Ref130996401]Figure 1. Scenario where 2 CSI beams from the same TRP have different propagation delays to the UE.
For the scenario where the indication of UL/joint TCI state is changed without the gNB requesting UL timing synchronization, the initial transmission with a new indicated UL/joint TCI state will potentially give a UL timing offset at the gNB. The timing offset at the gNB receiver can cause inter symbol interference as well as inter sub-carrier interference. In order to determine the UL timing with the new indicated UL/joint TCI state, the UE needs to know which DL RS is to be tracked for the new indicated UL/joint TCI state, that before the switch/indication was just an activated UL/joint TCI state. Therefore, the UE is required to track DL RS associated to each activated UL/joint TCI state.
[bookmark: _Toc146708717]The UE is required to track DL RS associated to each activated UL/joint TCI state and use it as time reference for UL transmission.
The timing offset depends on the propagation delay difference between old and new indicated UL/joint TCI state, but also on which DL RS the UE is using as time reference for the UL transmission. To determine a DL reference timing, a RS associated to a wider beam (i.e., a SSB beam) when compared to RSs associated to narrower beams (i.e., CSI beams) covers the directions of the whole set/group of narrower beams, and, as a result, will allow minimizing the UL timing offset when switching among those narrower beams. To achieve that however we need to specify which DL RS should be tracked for each activated UL/joint TCI state.
[bookmark: _Toc146708718]Specify for each UL/joint TCI state the DL RS the UE must use to determine the DL reference timing. 

Regarding TAG management
In the second last RAN4 meeting RAN4#107, the following issue was discussed regarding TAG management [4]:
	Issue 2-1-4: TAG management for multi-TRP with 2 TAs
· Proposals: 
· For multi-DCI based multi-TRP operation with two TAs, when the transmission timing difference between two TAGs exceeds the MTTD value:
· Proposal 1: RAN4 can do some study on TAG management when the 2 UL transmissions exceed the MTTD.
· Proposal 2: Reuse LTE CA solution. UE may stop the UL transmissions for one of the two TAGs for multi-TRP
· Proposal 3: Do not define requirements. It’s up to UE implementation.



Then, in the last RAN4 meeting RAN4#108, the following issue was discussed [2]:
	Issue 2-1-4: TAG management for multi-TRP with 2 TAs
Way forward:
· Option 1: (Apple, Nokia)
· RAN4 shall consider some enhancement on TAG management for multi-TRP with 2 TAs.
· Option 1a: 
· UE indicates its category to NW after access NW (baseline UE or advanced UE).
· Network configures UE to monitor RTD between the two TRPs. 
· UE monitors the RTD consistently, and report to network when status changes (e.g. RTD becomes larger than CP for baseline UE)
· Upon receiving RTD status change from UE, network can update configuration accordingly (e.g. fallback to single TAG).
· Option 2: (MediaTek, Huawei)
· When the uplink transmission timing difference between two TAGs exceeds the MTTD value, do not define RAN4 RRM requirements. It’s up to UE implementation on how to handle in this case. 
· Option 3: (Samsung)
· UE may stop transmitting the UL transmissions for any of the two TAGs if the uplink transmission timing difference between two TAGs exceeds the MTTD value.



For multi-DCI based multi-TRP operation with two TAs, when the transmission timing difference between two TAGs exceeds the MTTD value, the UE cannot support in UL that pair of TRPs, and, similarly for what has been specified for CA operations, the UE will stop transmitting the UL transmission for one of the two TAGs. On the other hand, there is a major difference in the multi-DCI multi-TRP scenario we are considering when compared to CA:
· MRTD=CP as baseline in multi-DCI multi-TRP, also for non-co-located TRPs: for example, in FR2 with SCS=120 kHz, that implies MRTD=0.57us.
· MRTD has been defined for inter-band CA in [5] (table copied just below), and assumes much larger values, for example MRTD = 8us in FR2.
	Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	25

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.






MRTD in CA is then much larger when compared to MRTD in multi-DCI multi-TRP, and as a consequence guaranteeing this requirement is much more challenging in the last scenario. Therefore, we think that options 2 and 3 above that re-use CA solution by leaving up to UE implementation which UL transmissions needs to be stopped are not efficient.
[bookmark: _Toc146708719]Reusing CA solution by leaving up to UE implementation which UL transmission needs to be stopped when transmission timing difference between the two TAGs exceeds the MTTD value is not efficient.
We need some solutions to define a clear UE behavior, in the form of a rule or prioritization, that is known both at the UE and at the network side about which UL transmission the UE will stop when transmission timing difference between the two TAGs exceeds the MTTD value.
Option 1 above is a possibility, that however requires RTD reporting from the UE to the network: it may happen that the network configuration, for example to fall back to single TAG, may arrive at the UE when the requirement has already been violated.
Such rule can either be either specified to be known by both UE and network or be configured by the network.
[bookmark: _Toc146708720]Define a rule such that UE and network know which UL transmission the UE will stop when the transmission timing difference between the two TAGs exceeds the MTTD value. 
Several options can be used to define such rule, and we think we should down select from the following ones (although other options are not precluded):
a) The UE stops the UL transmission corresponding to the TAG with lowest or highest TAG index or ID.
b) The UE stops the UL transmission corresponding to the TAG associated (e.g., through TCI states) with lowest or highest coresetPoolIndex.
c) The UE keeps the UL transmission corresponding to the TAG for which a lower UL transmit power is used. The fact that lower UL power is used for instance for TRP 1 with respect to TRP 2 means typically that better channel conditions (in terms of UL SNR or UL SINR) are available for TRP1 with respect to TRP2.
d) The UE keeps the UL transmission corresponding to the TAG for which a higher MCS index has been allocated in the last slot where PUSCH was scheduled. MCS can be related to the UL SINR, and the fact that a higher MCS index has been allocated for instance for TRP 1 with respect to TRP 2 means typically that UL SINR toward TRP 1 may be better than UL SINR toward TRP 2.
Options a) and b) above have the advantage of being very simple solutions. 
Options c) and d) can provide better performance, as the quality of the links between UE and each TRP is considered. On the other hand, they have the disadvantage that some exchange and coordination among the TRP schedulers is needed.
Considering that we target a multi-DCI scheme, that indeed support scenarios with non-ideal backhaul where each TRP uses its own DCI, options as a) and b) should be adopted.
[bookmark: _Toc146708721]Adopt at least one of the following options for the rule defining which UL transmission the UE will stop when the transmission timing difference between the two TAGs exceeds the MTTD value: 
· [bookmark: _Toc146708722]The UE stops the UL transmission corresponding to the TAG with lowest or highest TAG index or ID.
· [bookmark: _Toc146708723]The UE stops the UL transmission corresponding to the TAG associated (e.g., through TCI states) with lowest or highest coresetPoolIndex.

[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: UL/joint TCI states associated to different coresetPoolIndex, i.e., associated to different TRPs, may correspond to the same TAG.
Proposal 1: For multi-DCI based multi-TRP operation with two TAs, each DL reference timing is associated with one TAG.
Observation 2: The different propagation delays for each UL/joint TCI state need to be considered when defining the DL reference timing.
Proposal 2: The UE is required to track DL RS associated to each activated UL/joint TCI state and use it as time reference for UL transmission.
Proposal 3: Specify for each UL/joint TCI state the DL RS the UE must use to determine the DL reference timing.
Observation 3: Reusing CA solution by leaving up to UE implementation which UL transmission needs to be stopped when transmission timing difference between the two TAGs exceeds the MTTD value is not efficient.
Proposal 4: Define a rule such that UE and network know which UL transmission the UE will stop when the transmission timing difference between the two TAGs exceeds the MTTD value.
Proposal 5: Adopt at least one of the following options for the rule defining which UL transmission the UE will stop when the transmission timing difference between the two TAGs exceeds the MTTD value:
	The UE stops the UL transmission corresponding to the TAG with lowest or highest TAG index or ID.
	The UE stops the UL transmission corresponding to the TAG associated (e.g., through TCI states) with lowest or highest coresetPoolIndex.
[bookmark: _Toc116995849]
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