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1. BACKGROUND
RAN plenary #94e approved the WID in [1] for Rel-18 MIMO enhancements. As described in WID, one of the goals in Objective 7 is to study and specify the operation related to multi-DCI multi-TRP deployment allowing for two timing advance TAs loops. In RAN1 meeting #110 [2], discussions on this topic were held. As a result, certain agreements and further discussions points were outlined in the meeting that are listed below for convenience.

	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)

For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

For multi-DCI based multi-TRP operation with two TAs, study the impact of two TAs for the following:
· RACH triggered by PDCCH order in intra-cell MTRP case 
· RACH triggered by PDCCH order in inter-cell MTRP case
· Which might require RACH enhancement as well 
· UE triggered RACH by CBRA or CFRA in RRC connected mode
Further details of enhancements needed (if any)

For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, downselect one of the options in RAN1#110bis-e:

· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)

For multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported




2. DISCUSSION
In this contribution, we share our analysis of the discussion points mentioned in the meeting minutes and make further proposals.

2.1 OVERLAPPING PART HANDLING BETWEEN TWO UL TX
According to last meeting’s agreements [2], the following issues were suggested for further study:

· 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)

We believe that the above listed study issues are related to deployment scenarios as well. The intra-cell and inter-cell cases may lead to different approaches due to the scheduling process. For intra-cell case we have a same scheduler, while for inter-cell we have two schedulers that are uncoordinated and the HARQ feedback must be transmitted to both entities. In addition, the extent of the overlap in time domain is still under discussion in RAN4 as the deployment cases were not clearly defined. For example, the MRTD and MTTD limits were clearly defined for inter-band CA and DC in TS38.133. There are also requirements clearly defined synchronous and asynchronous CA and DC cases.
In our view, multi-TRP intra-cell and inter-cell cases may need different requirements, but the actual deployment conditions are not clearly defined. However, since two TAs have been agreed, we believe that Rel-18 shall support beyond a CP downlink receive time difference, but the decision may be different for intra-cell and inter-cell cases. 

	[bookmark: _Hlk52271917]Parameter / Numerology (µ)
	0
	1
	2
	3
	4

	Subcarrier Spacing (KHz)
	15
	30
	60
	120
	240

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67
	8.33
	4.17

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17
	0.57
	0.29

	OFDM Symbol including CP (us)
	71.35
	35.68
	17.84
	8.92
	4.46


Table 1. Symbol and CP length for different numerologies

If we look in Table 1 at the CP duration for FR2, for 120KHz and 240KHz SCS, the CP duration is under 1us, while the symbol length is 8.92us and 4.46us respectively.
We would like to emphasize the fact that the cell phase synchronization accuracy requirement for FR2 base stations is still 3us based on TS38.133 subclause 7.4.2 [3].

[bookmark: _Hlk68019238]Observation 1: Cell phase synchronization accuracy requirement is 3us while the CP duration for FR2 SCS are under 1us.

Proposal 1: For both intra-cell and inter-cell deployment cases, support beyond a CP receive timing difference.

[bookmark: _Hlk115080520]Moreover, we believe that the overlapping issue may happen also for sDCI case when two TA are applicable. This may happen also when a beam changes or a TCI activation occurs.

Observation 2: The overlapping UL transmission may occur in the sDCI case as well when two TAs are applicable and beam changes, or a TCI is activated.

We believe that before establishing dropping rules or scheduling restrictions, the maximum number of overlapping symbols shall be determined, and this requires supported deployments clarification for both intra-cell and inter-cell. 

 Proposal 2: Clarify the supported Rel-18 deployment scenarios for both intra-cell and inter-cell cases respectively to determine the extent of the possible number of UL overlapping symbols before deciding on dropping or scheduling restriction rules.

As the types of UE categories targeted for the Rel-18 WID may have a diverse antenna panel design and layout, we believe that overlapping transmissions for STxMP with mDCI case should be also studied. 

Observation 3: UE categories targeted for Rel-18 WID have a diverse antenna panel design and layout that includes the configurations supporting STxMP.

Proposal 3: Support studying the case with overlapped transmissions for STxMP case.

	
2.2 TAG ASSOCIATION WITH UL CHANNELS/SIGNALS FOR MULTI-DCI BASED MTRP OPERATION

In the last meeting, the following option for TAG association were agreed for down-selection [2]:

· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)

We believe that there is an advantage keeping the intra-cell and inter-cell designs as close and generic as possible. 
Option 1 and 2 have benefits to simplify the signaling structure although those may lead to a semi-static split based on semi-statically configured TCI states per TRP or a semi-static association to a CORESETPool index. We prefer to Option 2 as a baseline consideration in that the CORESETPool index can work as a TRP identifier corresponding to each TAG in a given CC.
Option 3 and 4 seem to be more related to the UL dependencies in terms of PL RS and DL RS for synchronization. Option 4 can be considered as this is not an alternative approach, but can work on top of Option 2, in that some dynamic UL channels/RSs require an association rule which can be based on Option 2 anyway. It should be further discussed on cases of semi-static UL channels/RSs separately on whether a direct association between a TAG ID and each UL channel/RS provides additional benefits.

Observation 4: There is an advantage to keep the intra-cell and inter-cell designs as close and generic as possible, and to maintain an alignment with the legacy Rel-17 concept.

Proposal 4: Consider Option 2 (associating TAG to CORESETPoolIndex) as a baseline. Further study on Option 4 (target channel-wise TAG association especially for semi-static UL channels/RSs).

2.3 TWO TAS IMPACT ON PDCCH TRIGGERED RACH
In the last meeting it was agreed to study the impact of the two TAs on PDCCH triggered RACH within the mDCI context and the following study points were listed [2]:

· RACH triggered by PDCCH order in intra-cell MTRP case 
· RACH triggered by PDCCH order in inter-cell MTRP case
· which might require RACH enhancement as well 
· UE triggered RACH by CBRA or CFRA in RRC connected mode

For the intra-cell case, the PDCCH order is given by a same scheduler and thus a clear scheduling coordination is possible at the base station level to avoid collisions between PUSCH/PUCCH and RACH transmissions. However, the PDCCH order association with the specific TRP(TAG) must be clear for the UE to appropriately select the correct initial timing and proper UL resources and spatial information.

 The PDCCH order is carried by DCI format 1_0 scrambled by C-RNTI. If the bit field corresponding to "Frequency Domain Resource Assignment" are of ones, then the remaining fields are interpreted as follows: 
· Random Access Preamble index – 6 bits, 
· If the value of the "Random Access Preamble index" is not all zeros:
· UL/SUL indicator – 1 bit,
· SS/PBCH index – 6 bits,
· PRACH Mask index – 4 bits,
· Reserved bits – 10 - 12 bits 

It can be seen from the above parameter list that for the secondary TRP from which the UE is not configured to measure SSBs unless explicitly indicated, some specific spatial RS and PRACH related information is required: RS reference and specific PRACH mask and index. It needs to be discussed and decided on how the UE can identify the received PDCCH order is for which TRP. For example, an SSB/PBCH index mapped to the secondary TRP is to be indicated to the UE for the RACH transmission according to the PDCCH order. Similarly, inter-cell case needs also to be discussed.

Observation 5: PDCCH order association with the specific TRP(TAG) should be clearly given for the UE to appropriately select the correct initial timing and proper UL resources and spatial information.

Proposal 5: Study and decide on how the UE can identify a clear association of the received PDCCH order with a specific TRP(TAG) for the two-TA scenario. 

2.4 TWO TAS IMPACT ON L1 TIME SYNCHRONIZATION MAINTENANCE
One impact of supporting multiple TAGs per cell, and further motivation for clear association of PDCCH order with a specific TRP(TAG), is the maintenance of L1 time synchronization by higher layers. L1 time synchronization is indicated by a TAG-specific timer, which is restarted upon reception of a timing advance update addressed to that TAG. While the timer is running, L1 is considered synchronised, otherwise (e.g. once the timer expires), L1 is considered non-synchronised and uplink transmission is restricted to only MSG1/MSGA.
Upon expiry of the timer associated with the primary TAG (PTAG), in addition to restricting transmission, HARQ buffers are flushed and PUCCH, SRS, configured DL assignments/UL grants, and PUSCH resources for semi-persistent CSI are released for all Serving Cells (if configured). 
[bookmark: _Hlk115252749]The legacy L1 time synchronization procedure assumes one PTAG, and in almost all cases the PTAG uses the PCell as timing reference. However, now that multiple TAGs may be maintained by the PCell, additional coordination with RAN2 may be needed to understand impacts to L1 timing synchronization procedure. 

Observation 6: Legacy L1 time synchronization procedure assumes one primary TAG (usually associated with PCell). Supporting multiple TAGs in a PCell requires additional consideration on how the primary TAG is selected/maintained.

Proposal 6: Study impacts to L1 time synchronization maintenance when a PCell is configured with multiple TAGs for the MTRP scenario with two TAs.


3. CONCLUSIONS
This contribution discussed the issues raised in the last meeting for intra-cell and inter-cell M-TRP operation with the two TAs loops. Based on the presented discussion, we make the following observations and proposals:

Observation 1: Cell phase synchronization accuracy requirement is 3us while the CP duration for FR2 SCS are under 1us.

Observation 2: The overlapping UL transmission may occur in the sDCI case as well when two TAs are applicable and beam changes, or a TCI is activated.

Observation 3: UE categories targeted for Rel-18 WID have a diverse antenna panel design and layout that includes the configurations supporting STxMP.

Observation 4: There is an advantage to keep the intra-cell and inter-cell designs as close and generic as possible, and to maintain an alignment with the legacy Rel-17 concept.

Observation 5: PDCCH order association with the specific TRP(TAG) should be clearly given for the UE to appropriately select the correct initial timing and proper UL resources and spatial information.

Observation 6: Legacy L1 time synchronization procedure assumes one primary TAG (usually associated with PCell). Supporting multiple TAGs in a PCell requires additional consideration on how the primary TAG is selected/maintained.

Proposal 1: For both intra-cell and inter-cell deployment cases, support beyond a CP receive timing difference.

Proposal 2: Clarify the supported Rel-18 deployment scenarios for both intra-cell and inter-cell cases respectively to determine the extent of the possible number of UL overlapping symbols before deciding on dropping or scheduling restriction rules.

Proposal 3: Support studying the case with overlapped transmissions for STxMP case.

[bookmark: _Hlk115082971]Proposal 4: Consider Option 2 (associating TAG to CORESETPoolIndex) as a baseline. Further study on Option 4 (target channel-wise TAG association especially for semi-static UL channels/RSs).

Proposal 5: Study and decide on how the UE can identify a clear association of the received PDCCH order with a specific TRP(TAG) for the two-TA scenario. 

Proposal 6: Study impacts to L1 time synchronization maintenance when a PCell is configured with multiple TAGs for the MTRP scenario with two TAs.
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