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Introduction
In this paper, we discuss 2-TA enhancement for Rel-18 NR MIMO WI [1]
	· 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.
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Associating TAGs to uplink channels/signals

We reached the following agreement in RAN1#110:
	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 order to apply the TA values properly to uplink transmission, a UE needs to associate an uplink transmission to a TA value field. Note that DL and UL transmissions need not be associated with the same TRP (or TCI state) – so re-using CORESETPoolIndex may not be sufficient. Due to this reason dynamic PUCCH is FFS in Option 2 – but the same problem exists for PUSCH. Therefore Option 1 is a natural solution of associating a TAG to a TCI-state/spatial-relation. In case, a TCI-state/spatial-relation is not associated with an uplink transmission in FR1, the natural solution is to associate one. 
Proposal-1: Consider Option 1 of associating a TAG to TCI-state/spatial-relation as a baseline – in FR1 associate a TCI-state/spatial-relation to an uplink transmission, if Rel-17 Unified TCI is not supported. 

Need for separate PRACH configurations 

In RAN1#111, we reached the following agreement:
	Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support PRACH configuration associated with additional configured PCIs different from the PCI of the serving cell.
· FFS: details 



PRACH configuration is not needed for intra-cell case. For inter-case case, we support PRACH configuration for each configured additional PCI that enables both CFRA/CBRA.
Proposal-2: To support initial TA acquisition for inter-cell case, support PRACH configuration for each configured additional PCI that enables both CFRA/CBRA.

Indication of PRACH configuration in PDCCH order

In RAN1#111, we reached the following agreement
	Agreement
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support a mechanism to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order
· FFS:  Explicit indication or implicit indication through PDCCH order 



We propose an explicit indication by DCI bit-field
Proposal-3: support explicit indication by DCI to determine which PRACH configuration to be used in the RACH procedure triggered by PDCCH order

Per TRP vs cross TRP  

In RAN1#111 we reached the following agreement
	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



Based on the above agreement, we support Alt-2. We do not see the need to limit operation to Alt-1. 
Proposal-4: Support PDCCH order sent by one TRP to trigger RACH procedure towards either the same TRP or a different TRP

Type 1 CSS for RAR reception

In RAN1#110bis-e, we agreed the following:
	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



In the current specification we have the following:
	A UE is not required to monitor PDCCH candidates for a Type0/0A/1/2-PDCCH CSS set when the active TCI state for
a corresponding CORESET is not associated with physCellId in ServingCellConfigCommon



We think that the current objective of initial TA acquisition can be adequately achieved without the need for Type-1 CSS reception from the additional PCI. Therefore in keeping with the current specification we slightly prefer the following:
Proposal-5: PDCCH scheduling RAR can always be received from the serving cell (aligned with current spec for Type-1 CSS).
 
TA/TAG identification for Intra-cell Multi-DCI 

In RAN1#111 we agreed on the following
	Agreement
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support at least one of the following alternatives (down selection to be done in RAN1#111):
· Alt 1:  indicate TAG ID as part of TA command in RAR
· Alt 2:  indicate TAG ID as part of PDCCH order
· Alt 3:  divide SSBs into two groups, one for each TRP.    If a SSB associated to a RACH procedure belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 4:  divide RACH resources into two groups, where for a RACH procedure, if the corresponding RACH resource belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 5:  divide preambles into two groups, where for a RACH procedure, if the corresponding preamble belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP
· Alt 6:   TAG ID is associated with CORESETPoolIndex and TAG ID is determined based on the CORESETPoolIndex of PDCCH order
· Alt 7:  Each TCI state is associated with a TAG ID, and the TAG ID corresponding to RACH triggered by a PDCCH order is determined based on the TCI state used to receive the PDCCH order
Note: If Alt 1 or Alt 2 is downselected, then it does not preclude indication of two TAG IDs (if supported)



In the case of intra-cell multi-DCI, we think its sufficient to indicate TAG ID as part of RAR.
Proposal-6: for intra-cell multi-DCI support indication of TAG ID as part of TA command in RAR 

Overlapping uplink transmissions 

In RAN1#110, we reached the following agreement on overlapping of two UL transmissions:
	Agreement
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules 
· whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)



The issue of overlap between two UL transmissions is not new, in the current specifications this can occur in the slot boundaries and is resolved in the specifications as shown below:
	If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot. The UE does not change 𝑁𝑇𝐴 during an actual transmission time window for a PUSCH or a PUCCH transmission [6, TS 38.214].



In order to understand the nature of overlap in Rel-15, we can assume a 15kHz SCS, where a TA adjustment step-size is equal to 16*64*Tc = ~0.5us. A TA command is delivered by 6 bits, so at a slot boundary TA adjustment could be +/- 16us (32*0.5 us) which is greater than a CP. Therefore, up to a symbol can be lost due to TA overlap.
We propose to extend the same principle for Rel-18 where overlapping part between two UL transmissions associated with two TAs is handled by reducing the duration of the second transmission. The issue of maximum TA difference is discussed in RAN4. Additionally, we expect that for STxMP transmissions, such relaxation is not needed.
Proposal-7: overlapping between two UL transmissions associated with two TAs is handled by reducing the duration of the second transmission until the maximum TA difference (as will be advised by RAN4). This does not apply to STxMP transmissions.

Downlink timing difference

In RAN1#110bis-e, we agreed the following:
	Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected
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Figure 1: UE panel/beam orientation such that cross -TRP interference at UE reception is low – in this case UE can support larger than CP Rx timing difference with single FFT per Rx port
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Figure 2: UE panel/beam orientation such that cross -TRP interference at UE reception is high – in this case UE cannot support larger than CP Rx timing difference with single FFT per Rx port



It was agreed that as an optional UE capability, it can support Rx timing difference of larger than a CP – in the case of FR1 we expect that such UE capability comprises of an ability for a UE to perform two FFTs per Rx chain.
In the case of FR2, we think there are multiple possibilities for supporting Rx timing difference larger than CP:
Option-1: UE implementing same receive timing for all Rx ports - such a UE is not able to support Rx timing difference of larger than CP
Option-2: UE implementing single receive timing for each Rx port (single FFT per Rx port) - Depending on UE orientation, if inter-panel interference is low such a UE could support Rx timing difference larger than CP – an example is shown in . If, however, inter-panel interference is high in certain orientations, such a UE would not be able to support Rx timing difference larger than CP. Therefore, such a UE may be forced to report that it is not able to support Rx timing difference larger than CP.
Option-3: UE supporting two FFTs per Rx port – such a UE can always support Rx timing difference larger than CP.
Based on the above discussion, we propose the following:
Proposal-8: In order to reduce UE complexity for supporting Rx timing difference larger than CP (in FR2) consider UEs with single receive timing for each Rx port (single FFT per Rx port). Support inter-panel interference feedback to enable such UEs to support Rx timing difference larger than CP.

Conclusion
In this paper, we discuss our view for two TAs for multi-DCI and summarize our proposals below:
Proposal-1: Consider Option 1 of associating a TAG to TCI-state/spatial-relation as a baseline – in FR1 associate a TCI-state/spatial-relation to an uplink transmission, if Rel-17 Unified TCI is not supported.
Proposal-2: To support initial TA acquisition for inter-cell case, support PRACH configuration for each configured additional PCI that enables both CFRA/CBRA.
Proposal-3: support explicit indication by DCI to determine which PRACH configuration to be used in the RACH procedure triggered by PDCCH order
Proposal-4: Support PDCCH order sent by one TRP to trigger RACH procedure towards either the same TRP or a different TRP
Proposal-5: PDCCH scheduling RAR can always be received from the serving cell (aligned with current spec for Type-1 CSS).
Proposal-6: for intra-cell multi-DCI support indication of TAG ID as part of TA command in RAR
Proposal-7: overlapping between two UL transmissions associated with two TAs is handled by reducing the duration of the second transmission until the maximum TA difference (as will be advised by RAN4). This does not apply to STxMP transmissions.
Proposal-8: In order to reduce UE complexity for supporting Rx timing difference larger than CP (in FR2) consider UEs with single receive timing for each Rx port (single FFT per Rx port). Support inter-panel interference feedback to enable such UEs to support Rx timing difference larger than CP.
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