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1 Introduction
During RAN#94-e meeting, the Rel-18 WID of MIMO evolution for DL and UL was approved. The following objective is related to this AI.
	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 this contributions, our opinions on two TAs for multi-DCI based multi-TRP operation are presented.
2 Discussion
2.1 TAG association
The following agreement on the association between TAG and target UL channel/signal was made in RAN1#112 meeting:
	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 FR1/FR2 and Rel-15/16 spatial relation in FR2
· 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
· [bookmark: OLE_LINK1]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
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for FR1
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS


In agreement, by means of association between TAG ID and UL/joint TCI state, UE can know to use the correct TA to transmit UL signals/channels to the TRP in unified TCI framework. For Rel-15/16, there is spatial relation framework only for FR2, rather than unified TCI framework. So for FR2, the same mechanism can be used. But for FR1, there is not spatial relation. So for FR1, we recommend to configure TAG ID in RRC signaling of each UL signals/channels.
Proposal 1: Recommend to configure TAG ID in RRC signaling of each UL signals/channels.
2.2 UL overlapping
The following conclusion on UL transmission overlapping was made in RAN1#112 meeting:
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the down-selected alternative(s) in the specifications in case specification impact is deemed needed.


For idea backhaul MDCI MTRP operation, the three Alts can be adopted because one TRP can know the information about scheduling and TA of the other TRP in time. However, for non-idea backhaul MDCI MTRP operation, only Alt 2 can be adopted because one TRP cannot know the information in time. While the UE knows all the information about scheduling and TA of both TRPs. Therefore, it is a good idea to let UE decide how to handle the overlapping situation, such as Alt 2. Meanwhile, it is needed to set a rule to perform Alt 2, such as time priority rule and importance priority rule.
Proposal 2: Support Alt 2: Reduce the overlapping duration of one of the two UL transmissions.
Average coverage distance of an OFDM symbol for different SCS is listed in Table 1. Generally, 15 kHz, 30 kHz and 60 kHz are used in FR1, and 120 kHz and 240 kHz are used in FR2. So for FR1, the nearest coverage distance of an OFDM symbol is around 5 km which is enough to avoid overlapping. Consider large path loss of FR2, the nearest coverage distance of an OFDM symbol is around 1.3 km which is enough to avoid overlapping. Therefore, one OFDM symbol is enough to be the time gap to avoid overlapping.
Table 1. Average coverage distance of an OFDM symbol for different SCS
	Numerology
	SCS (kHz)
	Average duration of an OFDM symbol (μs)
	Average coverage distance (m)

	0
	15
	71.42857
	21428.57

	1
	30
	35.71429
	10714.29

	2
	60
	17.85714
	5357.143

	3
	120
	8.928571
	2678.571

	4
	240
	4.464286
	1339.286


Observation:	One OFDM symbol is enough to be the time gap to avoid overlapping.
2.3 TA reporting
For multi-TRP with a non-idea backhaul, a TRP only knows its own TA but cannot know the TA corresponding to the other TRP. While a UE can know both two TAs corresponding to different TRPs. If a UE reports the TA corresponding to a TRP to the other TRP, TRPs can calculate the UL overlapping time and allocate UL resources properly to avoid.
Meanwhile, for multi-TRP with a non-idea synchronization, the additional error will be introduced for DL Tx, because the DL timing offset may be unfortunately compensated along with propagation delay. The DL timing offset can be calculated according to the difference between two TAs and the difference between two DL reception timings. The two DL reception timings corresponding to two TRPs can be measured by UE. For multi-TRP with a non-idea backhaul, one of TRPs only knows its own UL TA and DL timing but cannot know the UL TA and DL timing of the other TRP. If a UE reports the TA corresponding to a TRP and the difference between two DL reception timings to the other TRP, TRPs can calculate the DL timing offset and adjust DL transmission time to avoid additional error.
Proposal 3: [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Recommend to enable a UE to report the information about TAs and DL reception timings.
2.3.1 Report actively
To enable a UE to report the information about TAs and DL reception timings, the UE can be configured specific period PUCCH resources for reporting the information. Here, we take a TA report as an example. When the TA corresponding to a TRP is updated, the UE can report the TA to the other TRP through PUCCH corresponding to the other TRP. For example, as shown in Figure 7, if TA2 is updated by TAC2 at time tTAC2, a UE reports the updated TA2 to TRP1 at time toffset1+T1, which is the nearest time after tTAC1 and at which there is a specific PUCCH resource related to TRP1.
[image: ]
[bookmark: _Ref114751710]Figure 3. A schematic diagram illustrating PUCCH resources with TA reports.
A UE can also report the information about TAs and DL reception timings through PUSCH actively. Similarly, we take a TA report as an example. When the TA corresponding to a TRP is updated, the UE can report the TA to the other TRP through PUSCH related to the other TRP if there is PUSCH resources. If there is not PUSCH resources, the UE needs to request PUSCH resources related to the other TRP. For example, as shown in Figure 8, if TA2 is updated by TAC2 at time tTAC2, a UE reports the updated TA2 to TRP1 at time toffset1, which is the nearest time after tTAC1 and at which there is a PUSCH resource related to TRP1.
[image: ]
[bookmark: _Ref114752670]Figure 4. A schematic diagram illustrating PUSCH resources with TA reports.
Proposal 4: Recommend to consider that a UE reports report the information about TAs and DL reception timings through PUCCH or PUSCH actively.
2.3.2 Report passively
A TRP can maintain a timer related to TAs and DL reception timings which is corresponding to the other TRP and reported by a UE. When a TRP receives the TA and DL reception timing corresponding to the other TRP, the TRP flushes the timer immediately. When the timer is overtime, the TRP transmits a command to the UE to indicate the UE to report the TA and DL reception timing corresponding to the other TRP.
Proposal 5: Recommend to consider that a TRP indicates a UE to report the information about TAs and DL reception timings.
3 Conclusion
In this contributions, our opinions on two TAs for multi-DCI based multi-TRP operation are listed as follows.
Proposal 1: Recommend to configure TAG ID in RRC signaling of each UL signals/channels.
Proposal 2: Support Alt 2: Reduce the overlapping duration of one of the two UL transmissions.
Observation:	One OFDM symbol is enough to be the time gap to avoid overlapping.
Proposal 3: Recommend to enable a UE to report the information about TAs and DL reception timings.
Proposal 4: Recommend to consider that a UE reports report the information about TAs and DL reception timings through PUCCH or PUSCH actively.
Proposal 5: Recommend to consider that a TRP indicates a UE to report the information about TAs and DL reception timings.
[bookmark: _GoBack]
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