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1 Introduction
During RAN#94-e meeting, the Rel-18 WID of MIMO evolution for DL and UL was approved [1]. 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 DL reference timing was made in RAN1#110b-e meeting:
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS:   Other signals/channels:  AP-SRS, and dynamic HARQ-ACK
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4:  TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.


In multi-DCI based multi-TRP scenario, a typical feature CoresetPoolIndex is introduced to distinguish the TRP in a serving cell. Therefore, associating TAG to CoresetPoolIndex is the most simple and distinct way and has less spec impact.For Type 2 CG and DG PUSCH, it is already implicit associated with CoresetPoolIndex. For dynamic HARQ-ACK, it also is associated with CoresetPoolIndex because the resource of HARQ-ACK is indicated by DL DCI which is associated with CoresetPoolIndex. For another UL signals/channels which is not associated with CoresetPoolIndex, we can also configure or indicate the association with CoresetPoolIndex. It should be noted that the CoresetPoolIndex of DL DCI cannot conflict with that of the PUCCH carrying HARQ-ACK.
Proposal 1: Support Option 2: Associate TAG to CORESETPoolIndex.
There are two methods to associate PUCCH resources with CoresetPoolIndex. The first method is to add the CoresetPoolIndex parameter into each PUCCH reosurce or each PUCCH resource set. The second method is to divide PUCCH resources or PUCCH resource sets into two groups which are respectively corresponding to different CoresetPoolIndex. In our opinion, the first method with adding the CoresetPoolIndex parameter into each PUCCH resource is the best choice.
Proposal 2: Recommend to add the CoresetPoolIndex parameter into each PUCCH resource.
2.2 TA acquirement
The following agreement on how to trigger RACH procedure and monitor type 1 CSS was made in RAN1#110b-e meeting:
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support one of the following alternatives in RAN1#111:
· Alt 1: PDCCH order sent by one TRP triggers RACH procedure towards the same TRP
· Note: with Alt 1, PDCCH order sent by one TRP triggering RACH procedure towards another TRP is not allowed
· Alt 2: PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP
· This does not preclude PDCCH order triggering two RACH procedures for two TRPs

Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell => there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported


First, consider the backhaul between two TRPs. For Alt 1 in the first agreement and Alt 2 in the second agreement, a TRP does not need to inform the other TRP about RACH information in PDCCH order and scheduling information in type 1-PDCCH CSS. For Alt 2 in the first agreement and Alt 1 in the second information, a TRP needs to inform the other TRP about RACH information and scheduling information. Therefore, Alt 1 in the first agreement and Alt 2 in the second agreement can apply to both idea and non-idea backhaul multi-TRP, while Alt 2 in the first agreement and Alt 1 in the second agreement can only apply to idea backhaul multi-TRP.
Then, consider the spec impact. For Alt 1 in the first agreement, it is not needed to indicate that PRACH triggered by PDCCH order is transmitted to which TRP. PRACH transmitted to which TRP can be determined by CoresetPoolIndex indicating that the CORESET including PDCCH order transmitted from which TRP. For Alt 2 in the first agreement, it is needed to indicate that PRACH triggered by PDCCH order is transmitted to which TRP. For Alt 1 in the second agreement, it is not needed to enhance the RRC configuration and monitor manner and of type 1 CSS. For Alt 2 in the second agreement, it is needed to enhance the RRC configuration and monitor manner and of type 1 CSS. Therefore, Alt 1 in the first and second agreement has less spec impact, while Alt 2 in the first and second agreement has more spec impact.
On the other hand, Alt 1 in the first agreement is associated with Alt 2 in the second agreement. Alt 2 in the first agreement is associated with Alt 1 in the second agreement. That means we can only choose one of universality and spec impact. We think universality is more important than spec impact. Therefore, we support Alt 1 in the first agreement and Alt 2 in the second agreement.
Proposal 3: Support that PDCCH order sent by one TRP triggers RACH procedure towards the same TRP.
Proposal 4: Support in addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI.
2.3 UL overlapping
[bookmark: _GoBack]The following conclusion on UL transmission overlapping was made in RAN1#110b-e meeting:
	Conclusion
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
· Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region


In current spec, a UE transmitting UL signals to different TRPs has the same time in advance due to 1 TA. In this case, UL signals from a UE to different TRPs in transmission time do not overlap. However, after introducing 2 TAs, a UE transmitting UL signals to different TRPs has the different time in advance. In this case, UL signals from a UE to different TRPs in transmission time may overlap. For a UE with single Tx, it cannot transmit UL signals simultaneously.
Although STxMP feature is agreed in Rel-18, the UL signals corresponding to different panels are limited. A UE can only simultaneously transmit PUCCH + PUCCH and PUSCH + PUSCH. A UE cannot simultaneously transmit PUCCH + PUSCH. If PUCCH corresponding to a panel overlaps with PUSCH corresponding to the other panel due to 2 TAs, how to handle this situation should be discussed.
Proposal 5: How to handle UL overlapping between PUCCH and PUSCH in STxMP scenario should also be discussed.
There are two operations to be introduced to handle this problem. One operation is at TRP side. At TRP side, a TRP can allocate UL resources properly to avoid overlapping. At UE side, a UE can avoid overlapping by whole/fractional dropping method or fallback method.
2.3.1 At TRP side
As shown in Figure 3, if the time difference  between the start time of UE transmitting UL signal 1 and UE transmitting UL signal 2 is larger than the duration time T1 of UL signal 1 resource, the transmission time of UL signal 1 and UL signal 2 does not overlap. According to the analysis, the formula TA1 / 2 + ∆tTx = TA2 / 2 + ∆tRx is workable. Therefore, ∆tTx = (TA2 – TA1) / 2 + ∆tRx = ∆TA + ∆tRx. If ∆TA + ∆tRx > T1, the transmission time of UL signal 1 and UL signal 2 does not overlap. Sometimes, switching time between different beams for UE needs to be considered. Therefore, the condition of non-overlapping becomes ∆TA + ∆tRx + ∆ts > T1. The switching time of different beams is dependent on the UE capability. The duration time of UL signal and the reception time difference between different UL signals are dependent on the resource allocation by network. If network knowns these parameters in the above-mentioned condition, the overlapping can be avoided. It is proposed that the overlapping between signals that a UE transmits to difference TRPs can be avoided by network allocating UL signal resource for UE properly to satisfy the condition ∆TA + ∆tRx + ∆ts > T1.
[image: ]
[bookmark: _Ref114660963]Figure 3. A schematic diagram illustrating
Proposal 6: [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Recommend to introduce UL resource allocation restriction to handle UL overlapping at TRP side.
2.3.2 At UE side
(1) Whole dropping method
[bookmark: OLE_LINK11]If UL signals transmitted to different TRPs by a UE have overlapping in time domain, the UE can choose one of signals to transmit to corresponding TRP according to some rules, for example, time priority rule and importance priority rule. For time priority rule, as shown in Figure 4(a), if both UL signal 1 and UL signal 2 are PUSCH with data and the transmission time of UL signal 1 is earlier than that of UL signal 2, a UE choose UL signal 1 to transmit to TRP1 with TA1 and does not transmit UL signal 2 to TRP2. For importance priority rule, as shown in Figure 4(b), if UL signal 1 is PUSCH with data and UL signal 2 is PUCCH with HARQ, a UE choose UL signal 2 to transmit to TRP2 with TA2 and does not transmit UL signal 1 to TRP1. 
[image: ]
[bookmark: _Ref114661969]Figure 4
(2) Fractional dropping method
If UL signals transmitted to different TRPs by a UE have overlapping in time domain, the UE can choose one of signals to transmit to corresponding TRP and transmit a segment of another UL signal to another TRP. Choosing which signal to be truncated can also follow time priority rule or importance priority rule. For example, as shown in Figure 5, if both UL signal 1 and UL signal 2 are PUSCH with data, a UE can transmit segmental UL signal 1 to TRP1 with TA1 and transmit whole UL signal 2 to TRP2 with TA2. It should be explained that the truncated signal is UL signal 1 instead of UL signal 2 because DMRS is more important than data at the overlapping PUSCH in time domain.
[image: ]
[bookmark: _Ref114662119]Figure 5
(3) Fallback method
If UL signals transmitted to different TRPs by a UE have overlapping but received by different TRPs do not have overlapping in time domain, the UE can back to the current spec mode, that is, multi-TRP with 1 TA. For example, as shown in Figure 6, if there is overlapping in time domain, a UE can transmit UL signal 1 to TRP1 with TA1, then transmit UL signal 2 to TRP2 also with TA1. Although this mechanism lowers the receiving performance of UL signal 2, the resource of UL signal 2 is not waste. That means this method can save time-frequency resource.
[image: ]
[bookmark: _Ref114662186]Figure 6
Proposal 7: Recommend to introduce dropping method or fallback method to handle UL overlapping at UE side.
2.4 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 8: [bookmark: OLE_LINK16][bookmark: OLE_LINK17]Recommend to enable a UE to report the information about TAs and DL reception timings.
2.4.1 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 7
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.
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[bookmark: _Ref114752670]Figure 8
Proposal 9: Recommend to consider that a UE reports report the information about TAs and DL reception timings through PUCCH or PUSCH actively.
2.4.2 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 10: 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: Support Option 2: Associate TAG to CORESETPoolIndex.
Proposal 2: Recommend to add the CoresetPoolIndex parameter into each PUCCH resource.
Proposal 3: Support that PDCCH order sent by one TRP triggers RACH procedure towards the same TRP.
Proposal 4: Support in addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI.
Proposal 5: How to handle UL overlapping between PUCCH and PUSCH in STxMP scenario should also be discussed.
Proposal 6: Recommend to introduce UL resource allocation restriction to handle UL overlapping at TRP side.
Proposal 7: Recommend to introduce dropping method or fallback method to handle UL overlapping at UE side.
Proposal 8: Recommend to enable a UE to report the information about TAs and DL reception timings.
Proposal 9: Recommend to consider that a UE reports report the information about TAs and DL reception timings through PUCCH or PUSCH actively.
Proposal 10: Recommend to consider that a TRP indicates a UE to report the information about TAs and DL reception timings.
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