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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#108bis, the following agreements were made and issues discussed regarding timing requirements for UL multi-DCI multi-TRP with two TAs [5]:
	Topic 3: Timing requirements for UL multi-DCI multi-TRP with two TAs

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.

Issue 3-1-2: TAG management for multi-TRP with 2 TAs
· Proposals
· Proposal 1: Stop UL transmitting (Samsung, Nokia) 
· Proposal 1a: (Samsung)
· UE may stop transmitting the UL transmissions for any (or dedicated) of the two TAGs if the uplink transmission timing difference between two TAGs exceeds the MTTD value.
· Proposal 1b: (Nokia)
· 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.
· Proposal 2: UE implementation (Huawei, MediaTek) 
· When the transmission timing difference between two TAGs for multi-TRP operation exceeds the MTTD value, there is no need to define requirements and it is up to UE implementation.
· Proposal 3: monitor RTD by UE (vivo, Apple)
· Proposal 3a: (Apple)
· 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/smaller than CP for baseline UE)
· Upon receiving RTD status change from UE, network can update configuration accordingly (e.g. fallback to single TAG or enable two TAGs).




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 [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 third last 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 second last 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. 



Finally, in the last 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.



The agreements from the last RAN4 meetings state that:
· two DL reference timings are supported;
· UL/joint TCI states associated to one coresetPoolIndex, i.e., one TRP, correspond to one TAG;
· for each TAG, a RS associated with an UL/joint TCI state should be tracked to estimate the DL reference timing;
· for each TAG, the UL transmission timing is computed based on the DL reference timing of the RS associated with the UL/joint TCI.
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



Two aspects need some further clarification.
· First, it is not explicitly mentioned that for a TAG the UL/joint TCI state for which the UE needs to track the RS is associated to that specific TAG, and that should be added for better clarity.
· Second, it is not explicitly mentioned that such UL/joint TCI state is the indicated one: with current formulation there is some ambiguity, because that UL/joint TCI state could be any of the activated and/or configured ones (potentially even from another TAG considering also the first aspect just mentioned above).
[bookmark: _Toc149939077]Modify the RAN4#108bis “Issue 3-1-1: DL reference timing” agreement text to (modifications are in italics):
· 
[bookmark: _Toc149939078]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 the indicated UL/joint TCI state associated with that TAG.
A further aspect that still needs some discussion is about when a UE is required to start tracking a DL RS. The reason for that is that a UE starts by maintaining one DL reference timing, and then at some point in time it starts maintaining also a second DL reference timing. One solution to handle such situation, also in line with our Proposal 1, is that a UE needs to maintain a DL reference timing for a TAG after at least one UL/joint TCI state corresponding to that TAG has been activated/indicated.
[bookmark: _Toc149939079]For multi-DCI based multi-TRP operation with two TAs, the UE is required to maintain a DL reference timing for a TAG as soon as one TCI state corresponding to that TAG is activated/indicated.

Regarding TAG management
In the last RAN4 meeting RAN4#108bis, the following issue was discussed regarding TAG management [5]:
	Issue 3-1-2: TAG management for multi-TRP with 2 TAs
· Proposals
· Proposal 1: Stop UL transmitting (Samsung, Nokia) 
· Proposal 1a: (Samsung)
· UE may stop transmitting the UL transmissions for any (or dedicated) of the two TAGs if the uplink transmission timing difference between two TAGs exceeds the MTTD value.
· Proposal 1b: (Nokia)
· 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.
· Proposal 2: UE implementation (Huawei, MediaTek) 
· When the transmission timing difference between two TAGs for multi-TRP operation exceeds the MTTD value, there is no need to define requirements and it is up to UE implementation.
· Proposal 3: monitor RTD by UE (vivo, Apple)
· Proposal 3a: (Apple)
· 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/smaller than CP for baseline UE)
· Upon receiving RTD status change from UE, network can update configuration accordingly (e.g. fallback to single TAG or enable two TAGs).



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 [6] (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 Proposal 2 in Issue 3-1-2 above that re-uses CA solution by leaving up to UE implementation which UL transmissions needs to be stopped is not efficient.
[bookmark: _Toc149939080]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.
Proposal 3 in Issue 3-1-2 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.
We think that Proposal 1 in Issue 3-1-2 above, with a rule known by both UE and network is the most efficient solution.
[bookmark: _Toc149939081]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: _Toc149939082]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: _Toc149939083]The UE stops the UL transmission corresponding to the TAG with lowest or highest TAG index or ID.
· [bookmark: _Toc149939084]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:
Proposal 1: Modify the RAN4#108bis “Issue 3-1-1: DL reference timing” agreement text to (modifications are in italics):

-	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 the indicated UL/joint TCI state associated with that TAG.
Proposal 2: For multi-DCI based multi-TRP operation with two TAs, the UE is required to maintain a DL reference timing for a TAG as soon as one TCI state corresponding to that TAG is activated/indicated.
Observation 1: 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 3: 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 4: 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]
References
[1] [bookmark: _Ref114500673][bookmark: _Ref117252489]RP-213598, “New WID: MIMO Evolution for Downlink and Uplink”, Samsung.
[2] [bookmark: _Ref141953578]R4-2306362, “WF on R18 NR MIMO RRM requirements”, Samsung, RAN4#106bis-e, 17 April -26 April, 2023.
[3] [bookmark: _Ref140755025]R4-2310178, “WF on R18 NR MIMO RRM requirements”, Samsung, RAN4#107, Incheon, Korea, 22 May –26 May, 2023.
[4] [bookmark: _Ref149039404]R4-2314347, “WF on R18 NR MIMO RRM requirements”, Samsung, RAN4#108, Toulouse, France, August 21 – 25, 2023.
[5] [bookmark: _Ref145605550]R4-2317371, “WF on R18 NR MIMO RRM requirements”, Samsung, RAN4#108bis, Xiamen, China, October 09 ‒ October 23, 2023.
[6] [bookmark: _Ref146013657]TS 38.133 “Requirements for support of radio resource management (Release 17)”.
oleObject2.bin

oleObject3.bin

oleObject4.bin

oleObject5.bin

image1.wmf
c

offset

TA 

TA

)

(

T

N

N

´

+


oleObject1.bin

