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1 Introduction
The Rel-18 WI on NR MIMO evolution for downlink and uplink is approved in RAN#94-e meeting [1], which includes the following objective.
	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.


In this contribution, we discuss on two TAs for UL multi-DCI for multi-TRP operation.

2 Discussion on two TAs for UL multi-DCI for multi-TRP operation
2.1 [bookmark: OLE_LINK9][bookmark: OLE_LINK10]DL reference timing
In RAN1#110b-e meeting [2], the following agreement regarding DL reference timing has been agreed for multi-TRP operation.
	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



In multi-TRP transmission, since the two cooperative TRPs are generally not geographically co-located, the distances between different TRP-UE pairs are typically different. As a result, the DL/UL transmissions between TRPs and UE experience different propagation time delays. In RAN1#110b-e meeting, two DL reference timings are supported where each DL reference timing is associated with one TAG. Rx timing difference between the two DL reference timings no larger than CP length is the basic assumption while timing difference larger than CP length is agreed as an optional UE capability. In this case, the maximum Rx timing difference can be calculated based on the maximum TA difference according to the LS out from RAN4. When TRP-specific TAs and DL reference timings are adopted, the following case can be considered as illustrated in Fig 1. Without loss of generality, we assume that TRP#1 is closer to UE than the TRP#2. Then the maximum Rx timing difference can be computed as .


[bookmark: _Ref115205292]Fig 1 Illustration of two TAs and TA reference timings.

[bookmark: _Ref127473157][bookmark: _Hlk110973783]When Rx timing difference between the two DL reference timings is larger than CP length, the maximum Rx timing difference can be calculated by  where the maximum TA difference is based on the LS out from RAN4.

2.2 Association between TAs and UL channels/signals
In RAN1#110b-e meeting [2], the following agreement regarding the association between TAs and UL channels/signals has been endorsed.
	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
· [bookmark: OLE_LINK8]for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.



Four options have been proposed on the association between TAs and UL channels/signals to facilitate the two TAs for multi-DCI based multi-TRP operation. Option 1 associates TAG to TCI-state/spatial relation, which is a simple way and can be extended to single-DCI based multi-TRP operation, L1/L2 inter-cell mobility, etc. The main drawback is that it is not applicable for FR1 where UL TCI-state/spatial relation is not supported. Two separate association frameworks should be designed for FR1 and FR2, however, a unified solution is more expected for both FR1 and FR2. In option 2, the first TAG and the second TAG are associated to the CORESETPoolIndex=0 and CORESETPoolIndex=1, respectively. Since CORESETPoolIndex has been introduced in Rel-16 and widely used to identify the TRP in inter/intra-cell multi-DCI based multi-TRP, associating TAG to CORESETPoolIndex is a more straightforward framework. Option 3 introduces a multi-level TAG association which is unnecessary. Option 4 is similar with option 2 and the main difference is the TAG association for P/SP UL channels/signals. Based on the analysis above, we prefer option 2 on association between TAs and UL channels/signals.
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, prefer to associate TAG to CORESETPoolIndex.

2.3 PRACH configuration
In RAN1#110b-e and RAN1#111 meetings [2][3], the following working assumption and agreement regarding PRACH configuration have been agreed for inter-cell multi-TRP operation with two TA enhancement.
	Working Assumption
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI



	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



[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In inter-cell multi-TRP scenario, the UE transmits a preamble towards the serving cell to establish the initial random access. Then the UE performs random access towards the TRP of non-serving cell by autonomous initiation or PDCCH order triggering to acquire the corresponding TA value. As a result, it is sufficient to configure a separate PRACH configuration for non-serving cell, and one additional PRACH configuration can be supported for each configured additional PCI.
Confirm the working assumption on supporting one additional PRACH configuration for each configured additional PCI.
When one separate PRACH configuration is configured for additional PCI, a new information about which RACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to use in the PDCCH order should be introduced. Generally, it can be solved by explicit indication or implicit indication via PDCCH order. A new field can be introduced in the PDCCH order to explicitly indicate the serving cell PCI or an activated additional PCI, i.e., using the reserved bits in DCI format 1_0 for indication. Then the UE can distinguish which PRACH configuration to be used in the RACH procedure corresponding to serving cell or non-serving cell.
The explicit indication by using the reserved bits in DCI format 1_0 can be supported to determine which PRACH configuration to be used in the RACH procedure triggered by PDCCH order.

2.4 Type1 CSS
In RAN1#110b meeting [2], the need for configure type1 CSS for receiving RAR from a TRP corresponding to an additional PCI has been discussed and the following agreement has been achieved.
	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 Rel-17 inter-cell multi-TRP, UE is not required to monitor a Type0/0A/1/2 CSS in a CORESET when the active TCI state is associated with a PCI different from serving cell PCI. The non-UE dedicated channels are transmitted by the serving cell only, and the PDCCH scheduling RAR thus can be always assumed be received from serving cell. In this case, it is unnecessary to configure type1 CSS for receiving RAR from a TRP corresponding to an additional PCI.
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, PDCCH scheduling RAR will always be received from serving cell and there is no need for additional type 1 CSS configuration per additional PCI.

2.5 Cross TRP PDCCH order
In RAN1#111 meeting, the following agreement has been achieved on cross TRP PDCCH order.
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI. 
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature



For inter-cell multi-DCI based multi-TRP operation, cross TRP PDCCH order has been supported since more scheduling flexibility can be provided by network. For intra-cell multi-DCI based multi-TRP operation, the cross TRP PDCCH order triggering is inessential and PDCCH order sent by one TRP triggers RACH procedure towards the different TRP can be an optional feature.
For intra-cell multi-DCI based multi-TRP operation, PDCCH order sent by one TRP triggers RACH procedure towards the different TRP can be an optional feature.

2.6 TA/TAG identification for intra-cell multi-DCI
In RAN1#110b-e meeting [2], the following agreement has been agreed for intra-cell multi-DCI based multi-TRP operation on TA/TAG identification.
	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 intra-cell multi-TRP, the association between TA command in RAR PDSCH and the TAG should be discussed. A simple way is to explicitly indicate TAG ID as part of TA command in RAR, which uses the reserved bit in RAR. Note that there is one reserved bit in MAC RAR. Similar with Alt 1, Alt 2 indicates TAG ID as part of PDCCH order by introducing a new filed. Although the reserved bits in PDCCH order is much more than that of the RAR, however, this alternative may not be workable for UE-initiated RACH procedure. Alt 3/4/5 share the similar idea which divide SSBs/RACH resources/preambles into two groups. For RACH resources and preambles grouping, it may restrict the scheduling flexibility. For SSBs grouping, since two cooperative TRPs are generally not geographically co-located, which results in different SSB beam directions. As a results, the SSBs can be divided into two groups. If a SSB associated to a RACH procedure belongs to the nth group, then the TA obtained via the RACH procedure corresponds to the nth TRP. Regarding Alt 6/7, the TAG ID is associated with CORESETPoolIndex and TCI state, respectively. Since PDCCH order sent by one TRP triggers RACH procedure towards the different TRP has been supported at least for inter-cell multi-DCI based multi-TRP, Alt 6/7 are unworkable in this case. Moreover, these schemes may be only suitable for RACH triggered by PDCCH order. Based on the analysis, we prefer Alt 1 and Alt 3.
Prefer Alt 1 and Alt 3 on TA/TAG identification for intra-cell multi-TRP.

2.7 Potential enhancements to absolute TA command
In RAN1#110b-e meeting [2], the following agreement has been agreed on potential enhancements to absolute TA command.
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support enhancements related to indicating TAG ID via absolute TA command:
· FFS: whether the indication is implicit or explicit
· Detailed indication schemes are FFS
· This does not preclude indication of two TAG IDs (if supported)
· Note: This applies at least to MSGB in case of C-RNTI



The absolute timing advance command MAC CE is identified by MAC subheader with eLCID as defined in TS 38.321. There are four reserved bits in absolute TAC MAC CE, and it is a simple way to use the reserved bits to explicitly indicate the TAG ID.
The reserved bits in absolute TAC MAC CE can be used to explicitly indicate the TAG ID.

2.8 Overlapped region handling
In Rel-17 UL multi-TRP operation, the UL transmissions toward two TRPs is in a TDM manner. When the TRP-specific TAs are supported, the overlap may be occurred between two consecutive UL transmissions. For example, when TRP#1 is closer to UE than the TRP#2, which leading to TA1<TA2.


[bookmark: _Ref115203487]Fig 2 Overlap between two consecutive UL transmissions.

As illustrated in Fig 2, in this case, the end of the UL transmission towards TRP#1 overlaps with the start of the UL transmission towards TRP#2 in time domain. In the existing specification, if two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot. Since both TRPs cannot always have knowledge of the overlapping region between transmissions corresponding to the two TAs, the legacy dropping rule can be reused, i.e., dropping the overlapped symbols in the latter transmission. What’s more, reserving a time gap is also an efficient scheme to avoid the overlap, and the time gap can be determined by the maximum uplink timing difference based on the LS to RAN4.
In the case of overlapping, the overlapped symbols of the latter transmission can be dropped based on the legacy dropping rule.
The overlap can also be avoided by reserving a time gap. The value of time gap is determined by the maximum uplink timing difference based on the LS to RAN4.

2.9 TAG and TAT
In RAN1#110 meeting [4], the following agreement has been made on number of TAGs.
	Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.



In current spec, the two TRPs belong to the same TAG and configured with the same TAT. The maximum number of TAGs is four and the TAG is indicated by TAG ID of TAC MAC-CE. The TAG containing the SpCell has the TAG Identity 0. Since configuring two TAGs within a serving cell was agreed in RAN1#110, the maximum number of TAGs maybe be increased, e.g., 8 or 16, and the corresponding bit width of TAG ID can be increased to 3 or 4 bits.
Support to increase the maximum number of TAGs and the corresponding bit width of TAG ID of TAC MAC-CE, e.g., maximum 8/16 TAGs and 3/4 bits TAG ID.
When TAT expires, the UE is out of synchronization and the PUCCH/PUSCH/SRS transmission towards multi-TRP are not allowed in existing UL multi-TRP transmission. Then UE performs random access to obtain the TA and reset TAT. In RAN1#110 meeting, configuring two TAGs within a serving cell for multi-DCI based multi-TRP operation was supported, and each TRP/TAG is configured with a TAT by RRC. Suppose the TRP#1 receives TAC and the corresponding TAT expires firstly, the following two cases can be considered.
Case 1: Random access is triggered to obtain the TA and reset TAT for TRP#1, and TRP#2 maintains its own TA.
Case 2: UE transmits PUCCH/PUSCH/SRS towards TRP#1 based on the TA of TRP#2 and TRP#2 maintains its own TA until the TAT of TRP#2 expires, then the random access is triggered to obtain the TAs and reset TATs for TRP#1 and TRP#2.
The UE can trigger the random access or the random access is triggered by PDCCH order.
Suppose the TAT of TRP#1 is expired, the UE can initiate random access to obtain the TA and reset TAT for TRP#1 or transmits PUCCH/PUSCH/SRS towards TRP#1 based on the TA of TRP#2 until the TAT of TRP#2 expires.

3 Conclusion
In this contribution, we discuss about two TAs for UL multi-DCI for multi-TRP operation. According to the above discussions, we provide the following observation and proposals.
1. When Rx timing difference between the two DL reference timings is larger than CP length, the maximum Rx timing difference can be calculated by  where the maximum TA difference is based on the LS out from RAN4.
[bookmark: _GoBack]For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, prefer to associate TAG to CORESETPoolIndex.
Confirm the working assumption on supporting one additional PRACH configuration for each configured additional PCI.
The explicit indication by using the reserved bits in DCI format 1_0 can be supported to determine which PRACH configuration to be used in the RACH procedure triggered by PDCCH order.
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, PDCCH scheduling RAR will always be received from serving cell and there is no need for additional type 1 CSS configuration per additional PCI.
For intra-cell multi-DCI based multi-TRP operation, PDCCH order sent by one TRP triggers RACH procedure towards the different TRP can be an optional feature.
Prefer Alt 1 and Alt 3 on TA/TAG identification for intra-cell multi-TRP.
The reserved bits in absolute TAC MAC CE can be used to explicitly indicate the TAG ID.
In the case of overlapping, the overlapped symbols of the latter transmission can be dropped based on the legacy dropping rule.
The overlap can also be avoided by reserving a time gap. The value of time gap is determined by the maximum uplink timing difference based on the LS to RAN4.
Support to increase the maximum number of TAGs and the corresponding bit width of TAG ID of TAC MAC-CE, e.g., maximum 8/16 TAGs and 3/4 bits TAG ID.
Suppose the TAT of TRP#1 is expired, the UE can initiate random access to obtain the TA and reset TAT for TRP#1 or transmits PUCCH/PUSCH/SRS towards TRP#1 based on the TA of TRP#2 until the TAT of TRP#2 expires.
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