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1	Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed [1].  In this WI, one objective is to specify two TAs for UL multi-DCI based multi-TRP operation.
We note that enhancements to the TA handling is discussed also in the mobility AI, as part of the specification of LTM (L1/L2 triggered mobility). In this contribution, we discuss how to support two TAs for multi-DCI based multi-TRP operation, and we will sometimes refer to the corresponding functionality for LTM.
[bookmark: _Ref178064866]2	Discussion
2.1	Associating different TAs with different UL transmissions
RAN1 made the following agreements:
Agreement (RAN1#112)
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
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS

Agreement (RAN1#113)
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the baseline feature is revised as follows:
· UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG  
· Association of TAG ID with UL/joint TCI state is via RRC configuration 
· Above does not impact the association of the indicated TCI states and coresetPoolIndex values as agreed in previous meetings in 9.1.1.1.

During the discussion on a potential confirmation of the working assumption, there were remarks that a deployment where the restriction is removed would not be a multi-DCI scenario. To explain why this would still be a multi-DCI scenario, we refer to Figure 1.
[image: ]
[bookmark: _Ref134541618]Figure 1: A multi-DCI, multi-TRP scenario. Communication is always performed from two TRPs, each associated with different values of the CORESETPoolIndex. The NW would want to change between TRP1 and TRP2 by changing the indicated TCI states of the UE. With the baseline restriction, it would be impossible to change the TAG when changing TRP.  
With any reasonable definition, the deployment depicted in Figure 1 is a multi-DCI multi-TRP scenario. There are multiple TRPs involved, and the signals are always scheduled using PDCCHs associated with different CORESETPoolIndex. 
Based on this, we propose
[bookmark: _Toc146885907]Confirm the working assumption with the following update: “A UE may report that it supports that the UL/joint TCI states of UL signals/channels associated to one CORESETPoolIndex correspond to both TAGs”. 
2.2	Enhancements to the RACH procedure
Typically, the NW uses the reception of a PRACH to determine a suitable value for the initial TA, but the legacy RACH procedure is somewhat inadequate to handle different TAs for different TRPs. Thus, enhancements to the PDCCH-ordered RACH procedure have been a large part of the work in the 2TA agenda item. In the foreseen solution, a PDCCH order is transmitted from one TRP, triggering the UE to transmit a PRACH preamble towards another TRP. Based on the reception of the PRACH preamble, the NW estimates the TA and sends it to the UE (for the correct TAG). This is illustrated on high level in Figure 2 for multi-TRP.
[image: ]
[bookmark: _Ref142511258]Figure 2: Obtaining initial TA using the PDCCH ordered RACH procedure for TRP2. Potential retransmissions of the PRACH preamble are ignored.
In RAN1#114, the following was agreed:
 Agreement
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support indication of additionalPCI in the PDCCH order
· as baseline capability: support PRACH triggering towards servingCell PCI or active additionalPCI.  

This was not captured in [8]; the editor remarked that the possibility to reuse the cell field introduced for mobility enhancements should be investigated:
Excerpt from [9]
Cell indicator – bits indicating the cell for the corresponding PRACH transmission if the UE is configured with higher layer parameter EarlyUlSyncConfig, where C is the number of candidate cells configured with higher layer parameter EarlyUlSyncConfig; 0 bit otherwise.  

Reusing the cell field makes a lot of sense: a field carrying the additionalPci would provide quite similar functionality: it would determine the RACH configuration used for the triggered RACH procedure.
We note that LTM and inter-cell multi-DCI based Multi-TRP operation with two TA are independent functionalities: it should be possible to configure them at the same time. However, one PDCCH order will only trigger a contention-free random access procedure for either purpose: in general, it is not possible to trigger a random access procedure for both purposes:
[bookmark: _Toc146521792][bookmark: _Toc146885905]LTM and inter-cell multi-DCI based Multi-TRP operation with two TA enhancement can be configure at the same time.
[bookmark: _Toc146521793][bookmark: _Toc146885906]One PDCCH order cannot trigger more than one random access procedure.
One solution would be to define separate fields for the two purposes: the cell field introduced in [9] is used for LTM, and a different field is introduced to carry additionalPci. When LTM and inter-cell multi-DCI based Multi-TRP operation with two TA enhancement are configured, every PDCCH order would contain the two fields, and the UE must be able to unambiguously interpret if a PDCCH order is for LTM, for inter-cell multi-DCI based Multi-TRP operation with two TA, or for legacy purposes.
The solution with two separate fields has two drawbacks:
It increases the overhead: each field can be 3 bits, and the payload that can be carried by a PDCCH order is quite small.
Legacy operation must be indicated in each field. In other words, in each field, we must reserve a code point that informs the UE that it shall perform according to the Rel-15 PDCCH order.
To avoid these two drawbacks, we propose to introduce a use case field in the PDCCH order. The use case field will inform the UE how to interpret the cell field:
[bookmark: _Toc146521794][bookmark: _Toc146885908]Introduce a use case field in the PDCCH order, which informs the UE how to interpret the cell field.
One example of a use case field definition is depicted in Table 1.
	Value
	Use case
	Interpretation 
of cell field

	00
	Legacy operation
	Ignored

	01
	LTM early synch
	Candidate cell index

	10
	Establishment of 2nd TA
	Additional PCI

	11
	Ignored by Rel-18 UE 
	Ignored


[bookmark: _Ref146447345]Table 1: Example of definition of use case field.
With the use case field, it becomes straightforward to reuse the cell index field for multiple purposes. The length of the cell indicator would have to be increased so that it can carry either the candidate cell index or the additional PCI. Note that legacy operation is indicated in the use case field, so it is not necessary to reserve an extra bit in the cell indicator field to indicate legacy operation.
RAN1 have made the following agreement and working assumption:
Agreement  (RAN1#111)
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 

Working Assumption (RAN1#113)
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by TRPX triggers RACH procedure towards either TRPX or TRPY. 
· FFS: details of PRACH power control

Conceptually, there is little difference between intra-cell and inter-cell: the difference is the identity of the DL RS that identifies the TRP. Since intra-cell and inter-cell are very similar, we propose to confirm the working assumption
[bookmark: _Toc146885909]Confirm the working assumption: A PDCCH order sent from one TRP can trigger a PRACH transmission towards either the same TRP or a different TRP for intra-cell operation and inter-cell operation.
In current specification, a DL RS associated to a PDCCH order is used for pathloss calculation for a PRACH transmission triggered by the PDCCH order.  With cross TRP triggering, pathloss calculation should be based on a DL RS associated to the TRP to which the PRACH is transmitted towards, not the TRP the PDCCH order is received. We note that the PDCCH order contains a reference to an SSB:
Excerpt from 38.212, section 7.3.1.2.1:
-	SS/PBCH index – 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved.

In legacy, this field is used by the UE to determine when to transmit the PRACH preamble. We see that we can reuse this field to also let the UE determine the pathloss, spatial filter and subsequently its transmit power:
[bookmark: _Ref142484054][bookmark: _Toc146885910]For PDCCH order triggered PRACH transmission, pathloss calculation and spatial filter are based on the SSB indicated in the PDCCH order.
[bookmark: _Hlk61857909]2.4	Actions at the expiration of one of the TA timers
In legacy, the TA remains valid until the TA timer associated with the TAG expires. When the corresponding TA timer expires, the UE is not allowed to transmit PUCCH, PUSCH or SRS for the serving cell configured with the corresponding TAG: the UE is only allowed to transmit PRACH on the serving cell.
This concept can easily be extended to the case where the TAG is included in a TCI state: transmission of PUCCH, PUSCH and SRS is allowed only if the timer associated with the TAG in the corresponding TCI state has not expired:
[bookmark: _Toc115449321][bookmark: _Toc146885911]Transmission of PUCCH, PUSCH and SRS is only allowed if the timer associated with the TAG in the corresponding TCI state has not expired.
Most likely, this will be implemented in 38.321, and the details would be up to RAN2. 
2.5	RRC parameters
[bookmark: _Hlk146634888]An initial version of the RRC parameters for 2TA were included in [7].  What is lacking in the list is the RACH configuration associated with the additionalPCIs. Fundamentally, only a small part of the RACH configuration is needed, since only a contention-free RACH procedure initiated by a PDCCH order should be supported. RAN1 discussed this during RAN1#114 but could not reach consensus on including the RRC parameters describing the random access procedure. However, after consulting RAN2, it is clear that RAN2 cannot define what parameters are needed to describe the random access procedure. We also not that in the mobility AI, there has been quite extensive activity in defining the corresponding RACH configuration. Hence, we strongly urge RAN1 to add the corresponding parameters also for this AI.
A proposal is provided in Table 2 and Table 3.
[bookmark: _Ref142497081]Table 2: Contents of the PRACH configurations for additional PCI.
	Parameter name in the spec
	Description

	RACH-ConfigAdditionalPciList
	Contains list of RACH-ConfigAdditionalPci


[bookmark: _Ref142497082]Table 3: Contents of the RRC IE RACH-ConfigAdditionalPci.
	Parameter name in the spec
	Description

	additionalPciIndex
	Pointer to an AdditionalPci (defined in SSB-MTC-AdditionalPCI-r17)

	RACH-ConfigGeneric
	Contains generic PRACH parameters

	ssb-perRACH-Occasion
	Number of SSBs per RACH occasion. (as in RACH-ConfigDedicated)

	rootSequenceIndex
	PRACH root sequence index (see TS 38.211 [16], clause 6.3.3.1) for 2TA



It would be up to RAN2 to decide if the EarlyUlSync IE from LTM could be reused. Hence, we propose
[bookmark: _Toc146885912]Include the RRC parameters in Table 2 and Table 3 in the RRC parameter list.
Conclusion
In the previous sections we made the following observations: 
Observation 1	LTM and inter-cell multi-DCI based Multi-TRP operation with two TA enhancement can be configure at the same time.
Observation 2	One PDCCH order cannot trigger more than one random access procedure.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm the working assumption with the following update: “A UE may report that it supports that the UL/joint TCI states of UL signals/channels associated to one CORESETPoolIndex correspond to both TAGs”.
Proposal 2	Introduce a use case field in the PDCCH order, which informs the UE how to interpret the cell field.
Proposal 3	Confirm the working assumption: A PDCCH order sent from one TRP can trigger a PRACH transmission towards either the same TRP or a different TRP for intra-cell operation and inter-cell operation.
Proposal 4	For PDCCH order triggered PRACH transmission, pathloss calculation and spatial filter are based on the SSB indicated in the PDCCH order.
Proposal 5	Transmission of PUCCH, PUSCH and SRS is only allowed if the timer associated with the TAG in the corresponding TCI state has not expired.
Proposal 6	Include the RRC parameters in Table 2 and Table 3 in the RRC parameter list.
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