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Introduction
In RAN4 104e meeting, one LS [1] from RAN1 for this WID is received.
Conclusion: For multi-DCI multi-TRP operation with two TAs, the decision on the maximum uplink timing difference is left up to RAN4.
· send an LS to RAN4 asking them the maximum uplink timing difference RAN1 can assume between the two TAs for multi-DCI multi-TRP operation.

RAN1 would kindly like to ask RAN4 to provide feedback on what maximum uplink timing difference that RAN1 can assume between the two TAs for multi-DCI multi-TRP operation.


RAN4 has discussed the related issue, and a LS has been sent back to RAN1 in [2] and [3].
ReplyLS to RAN1 in [2]
From RAN4 specification perspective, RAN4 so far specifies the maximum transmit timing difference between two uplink carriers as MTTD value in RAN4 specification TS 38.133. In the existing specification, MTTD requirements are specified only for CA and DC scenario. 
Whether exiting MTTD requirements are applicable for multi-DCI multi-TA scenario or new requirements needs to be developed is currently under discussion in RAN4. We shall inform RAN1 once RAN4 has consensus on the MTTD value for multi-DCI multi-TA scenario.
ReplyLS to RAN1 in [3]
After RAN4 further discussion, following values are agreed as MTTD values.
For a UE capable of supporting Receive Time Difference (RTD) > CP, MRTD/MTTD value for FR1 is 33/34.6 µs and MRTD/MTTD value for FR2 is 8/8.5 µs.
For a UE not capable of supporting RTD>CP, MTTD is within (CP + M1 µs) for FR1 and MTTD is within (CP + M2 µs) for FR2. Where M1 and M2 are FFS in RAN4. 


In RAN4 #105, RAN4 has agreed to further discuss when NR_MIMO_evo_DL_UL WI starts.
In RAN4 #106, RAN4 has discussed the related issue but no further agreement has been achieved. The status of the discussion is captured in [4]
Based on all above information, we provide our views on this issue.
Discussion 
RAN 1 has already agreed that ‘the two TAs enhancement for uplink multi-DCI m-TRP operation’ is applicable to both TDM based multi-DCI uplink transmission and simultaneous multi-DCI uplink transmission. The related RAN1 agreements are cited below.
Agreement in RAN1 #109-e
Two TA enhancement for uplink multi-DCI based multi-TRP operation are applicable to at least:
· TDM based multi-DCI uplink transmission
· simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
· Note: Whether two TA enhancement is applicable to other schemes is a separate discussion, which is not in the scope of AI 9.1.1.2.
[bookmark: _Hlk131843509]Agreement in RAN1 #110-bis-e
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
Conclusions in RAN1 #110-bis-e
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


As in [3], for the case of simultaneous multi-DCI uplink transmission, the MTTD value has already been agreed in [3].
For the TDM based multi-DCI uplink transmission, in our understanding it means UE may or may not be able to simultaneously Rx from different TRPs, but is certainly not able to Tx to different TRP simultaneously. 
· For FR1, this is typical UE implementation assumption. Normally UE can be equipped with 2 PAs for a given band. However, the 2 PAs are normally used for UL MIMO in the single carrier scenario. For the case when UE only capable of TDM based multi-DCI uplink transmission, the 2PA are not assumed to be used for the 2 associated TAs.
· For FR2, single panel UE is of course within this scope. Even for multi-panel capable UE, the UE may not be capable of simultaneous uplink transmission due to power consumption issue. 
Observation 1  The 2 TA enhancements for TDM based multi-DCI uplink transmission can be applicable to FR1 UEs and FR2 UEs, who do not support the capability of simultaneous uplink transmission.
According to current TS 38.213, if UE receives TAC command indicating the change of TA, there could overlapping in the uplink between the old TA and the new TA, and the latter slot will be reduced.
TS 38.213 v17.4.0 clause 4.2
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 N_TA during an actual transmission time window for a PUSCH or a PUCCH transmission [6, TS 38.214]. 


Observation 2  TS 38.213 has define the dropping/reduction rule when two UL slots overlap due to the TA command.
However, the 2-TAs enhancement discussed in R18 is slightly different. As quoted in above conclusion in RAN1 110-bis-e, the 2 TRPs may or may not have information regarding the overlapping between the 2-TAs. Therefore, although the RAN1 rule in observation 2 is like the potential ‘punishment’ to the network if a too-large TA-adjustment is indicated to the UE, it will unnecessarily degrade the performance of the UE who do not support simultaneous uplink transmission in the 2-TA scenario. In our understanding, that is why RAN1 asks the related question in the LS.
Observation 3  The RAN1 rules dealing with UL slots overlapping due to the TA command may not be feasible for the 2-TA scenario.
Looking at the agreements achieved in RAN4 [3], the UE capable of RTD > CP would mean that UE is at least capable of simultaneous DL transmission in a single carrier, i.e. UE can deal with the case when the DL overlapping region between 2 DL slots exceeds the boundary of CP, while the 2 DL reference signals for the 2 TAGs are from different TRPs. In case UE only supports RTD < CP, i.e. potentially not capable of simultaneous DL transmission, we do not see the need to force UE to support simultaneous uplink transmission. 
Proposal 1  RAN4 clarify in the reply LS that the MRTD/MTTD values for UE supporting RTD > CP provided in the previous LS are only for the case that UE at least supports simultaneous uplink transmission. For UE not supporting simultaneous UL transmission, UE may not be able to support those MRTD/MTTD values.
However, the situation of RAN4 is captured in [4], quoted below.
Issue 1-1-3: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
· Proposals
· Option 1: M1=M2=0 (Apple, MediaTek, vivo)
· Option 1a: in both FR1 and FR2, for both intra-cell and inter-cell multi-TRP, the MTTD between multiple TRPs can be assumed within a CP length as baseline. (Apple)
· Option 2: The MTTD between multiple TRPs can be defined as (CP + 1.6µs) for FR1 and (CP + 0.5µs) for FR2, e.g. M1=1.6us and M2=0.5 us. (Nokia, Xiaomi, Samsung, Huawei, Ericsson, Qualcomm)

For option 2, we think it has forced UE to support simultaneous uplink transmission. For the case when Tx timing difference is larger than CP, it means the overlapping between adjacent UL slots is larger than CP. We do not see how UE only capable of TDM-based solution can handle this without performance degradation. Note that legacy MTTD values for the CA/DC scenarios automatically assume that UE is able to simultaneous UL transmission across carriers.
Observation 4  MTTD > CP means the overlapping between adjacent UL slots can be larger than CP, which can not be handled by a UE who only supports TDM-based multi-DCI uplink transmission.
Since this issue has been discussed in RAN4 for many meetings, and RAN1 would be already clear about their own definition of ‘TDM-based multi-DCI uplink transmission’, we have the following proposal
Proposal 2  For UE not capable of supporting RTD > CP, RAN4 either agree on MTTD = CP, i.e. M1= M2 = 0, or agree not to specify any MTTD value for this case.
We do not see the need of further discussion to force UE to do anything it does not support.
Based on above analysis, observations and proposals we provide our preference for the reply LS in the annex.
Conclusions
Based on above analysis, we have following observations and proposals.
Observation 1  The 2 TA enhancements for TDM based multi-DCI uplink transmission can be applicable to FR1 UEs and FR2 UEs, who do not support the capability of simultaneous uplink transmission.
Observation 2  TS 38.213 has define the dropping/reduction rule when two UL slots overlap due to the TA command.
Observation 3  The RAN1 rules dealing with UL slots overlapping due to the TA command may not be feasible for the 2-TA scenario.
Proposal 1  RAN4 clarify in the reply LS that the MRTD/MTTD values for UE supporting RTD > CP provided in the previous LS are only for the case that UE at least supports simultaneous uplink transmission. For UE not supporting simultaneous UL transmission, UE may not be able to support those MRTD/MTTD values.
Observation 4  MTTD > CP means the overlapping between adjacent UL slots can be larger than CP, which can not be handled by a UE who only supports TDM-based multi-DCI uplink transmission.
Proposal 2  For UE not capable of supporting RTD > CP, RAN4 either agree on MTTD = CP, i.e. M1= M2 = 0, or agree not to specify any MTTD value for this case.
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In RAN4 #106-bis-e meetings, RAN4 have discussed the remaining issues for MTTD values for Multi-DCI Multi-TRP with two TAs. Based on discussion RAN4 would like to provide the following feedback.

[Note: Highlighted parts will be updated based on agreements in RAN4 106-bis-e]

· The MRTD/MTTD values for UE supporting RTD > CP provided in the previous LS from RAN4 are only for the case when UE supports simultaneous uplink transmission. For UE not supporting simultaneous UL transmission, UE may not be able to support those values.
· For UE not capable of supporting RTD > CP, MRTD=MTTD = CP, i.e. M1= M2 = 0.

RAN4 respectively ask RAN1 to take above conclusions into consideration.

2. Actions:
To RAN WG1
RAN4 kindly request RAN1 to take above conclusions in the further discussion, and provide feedback if any.

[bookmark: _GoBack]3. Date of Next RAN4 Meetings:
TSG-RAN4 Meeting #107	May 22 – May 26	Incheon, Korea
TSG-RAN4 Meeting #108	Aug. 21 – Aug. 25	Toulouse, France
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