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1. Introduction
In RAN1#109e, an LS was approved to RAN4 on maximum uplink timing difference for multi-DCI multi-TRP with two TAs
	In Rel-18 discussions on MIMO Evolution for Downlink and Uplink, RAN1 has agreed to support multi-DCI multi-TRP operation with two TAs.  With regards to the maximum uplink timing difference between the two TAs for multi-DCI multi-TRP operation, RAN1 made the following conclusion in RAN1#109-e:

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 discussed the LS in RAN4#104e and agreed on the following response to RAN1:
	RAN4 thanks RAN1 for the LS on maximum uplink timing difference between the two TAs for multi-DCI multi-TRP with two TAs.
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.


 
As can be seen in above LS reply, RAN4 hasn’t concluded the issue. The open issues are captured in the approved WF [3]. In this contribution, we continue to discuss the issue based on the WF [3].
2. Discussion
The first issue is to align views on whether MRTD/MTTD requirements in 38.133 cover intra-cell case.
	Sub-topic 1-1: Align views on whether MRTD/MTTD requirements in 38.133 cover intra-cell case.
NOTE: the following terminology is used in Option 1/2/3
· MRTD/MTTD for CA, DC
· MRTD/MTTD for intra-cell MIMO (single CC and different TRP having same physical cell ID)
· MRTD/MTTD for inter-cell MIMO (single CC and different TRP having different cell ID).

· Proposals
· Option 1: The current MRTD/MTTD requirements in RAN4 only defines the time difference limitation for different CC case, e.g. CA and DC, but not MIMO.
· Option 1a: The current MRTD/MTTD requirements in RAN4 only defines the time difference limitation for different CC case (i.e., CA or DC). However, the requirements shall also be applicable to the case in which “UE is configured to receive multiple PDSCH transmission occasions from one or more QCL sources on any one of the aggregated NR carriers.”
· Option 2: The current MRTD/MTTD requirement in RAN4 cover CA, DC and intra-cell and inter-cell MIMO.


Let’s start from MRTD. The applicability of MRTD requirements are defined in TS38.133 section 7.6.1:
7.6	Maximum Receive Timing Difference
7.6.1	Introduction
A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of an E-UTRA cell belonging to the MCG and the closest slot timing boundary of a cell belonging to SCG to be aggregated for EN-DC operation.
A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of an E-UTRA cell belonging to the SCG to be aggregated for NE-DC operation and the closest slot timing boundary of a cell belonging to MCG.
A UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG in FR1 or FR2-1 and the closest slot timing boundary of a cell belonging to the SCG FR1 or FR2-1 to be aggregated for NR DC operation. 
A UE shall be capable of handling a relative receive timing difference between subframe timing boundary of a cell belonging to MCG in FR1 and the closest subframe timing boundary of a cell belonging to the SCG in FR2-2 to be aggregated for NR DC operation. 
A UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of different carriers in FR1 and/or FR2-1 to be aggregated in NR carrier aggregation.
A UE shall be capable of handling a relative receive timing difference among the closest subframe timing boundaries of different carriers to be aggregated in FR1 and FR2-2 NR inter-band carrier aggregation.
The requirements defined in clause 7.6 are also applicable when UE is configured to receive multiple PDSCH transmission occasions from one or more QCL sources on any one of the aggregated NR carriers.
The first four bullets define the applicability in DC scenario. The fifth and sixth bullets clearly say requirements apply among timing boundaries of different carriers. We think that’s the reason why many companies believe existing requirements do not apply to different TRP on the same carrier.
The controversial part is the last bullet highlighted in yellow. Seems companies have different understanding on it. Some company said the implication is MRTD requirements apply for mTRP on the same carrier. However, at least in our understanding, it only means MRTD requirements in section 7.6 still apply if UE is configured with mTRP on any one of the carriers. Note that MRTD requirements are still for cells on different carriers. 
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Figure 1 MRTD with mTRP on CC1
Take above Figure 1 for example. UE is configured with mTRP on CC1. UE is also configured with cell x on CC2 as CA. The yellow highlighted applicability means the existing MRTD requirements for CA apply to both T3-T1 and T3-T2. Note it doesn’t mean existing MRTD requirements apply for T1-T2.
On the other hand, it is unclear to say existing MRTD requirements apply to mTRP on the same carrier. Because MRTD requirements are different for different scenario:
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Even for CA, requirements are different for intra-band non-contiguous CA and inter-band CA. Take FR1 for example, MRTD for intra-band non-contiguous CA is up to 3us, while it is 33us for inter-band CA.
[bookmark: _Ref115422731]Observation 1: existing MRTD requirements only apply for cells on different carriers and cannot apply among different TRPs on the same carrier.

As for MTTD, it is clearer since the applicability under section 7.5.1 clearly says requirements apply to cells on different carriers and the controversial part (yellow highlighted under 7.6.1 above) does not apply to MTTD requirements.
7.5	Maximum Transmission Timing Difference
7.5.1	Introduction
A UE shall be capable of handling a relative transmission timing difference between subframe timing boundary of E-UTRA PCell and the closest slot timing boundary of PSCell to be aggregated for EN-DC operation.
A UE shall be capable of handling a relative transmission timing difference among the closest slot timing boundaries of different carriers in FR1 and/or FR2-1 to be aggregated in NR carrier aggregation.
A UE shall be capable of handling a relative transmission timing difference among the closest subframe timing boundaries of different carriers to be aggregated in FR1 and FR2-2 NR inter-band carrier aggregation.
A UE shall be capable of handling a relative transmission timing difference between slot timing boundary of PCell and subframe timing boundary of E-UTRA PSCell to be aggregated for NE-DC operation.
A UE shall be capable of handling a relative transmission timing difference between slot timing boundaries of PCell in FR1 or FR2-1 and the closest slot timing boundary of PSCell in FR1 or FR2-1 to be aggregated in NR DC operation.
A UE shall be capable of handling a relative transmission timing difference between subframe timing boundaries of PCell in FR1 and the closest subframe timing boundary of PSCell in FR2-2 to be aggregated in NR DC operation.
[bookmark: _Ref115422733]Observation 2: existing MTTD requirements only apply for cells on different carriers and cannot apply among different TRPs on the same carrier.

With above conclusions, we can move on to discuss the possible MTTD for multiple TRPs. Note that the analysis applies for both intra-cell and inter-cell cases.
	Sub-topic 1-2: MTTD for multiple TRPs for intra-cell case
NOTE: the intra-cell multi-TRP operation refers to TRPs on the same CC rather than on cross CCs, where both TRPs are associated to the serving PCI.

· Proposals:
· Option 1: the maximum uplink transmit timing difference between multiple TRPs can be assumed within a CP length (single FFT)
· Option 2: the maximum transmit timing difference depends on UE capability on number of panels
· For single UE panel, the MTTD between UL signals should be within CP.
· For multiple UE panels, the MTTD between UL signals may be larger than CP, e.g. MTTD for CA case.
· Option 3: the maximum uplink transmission timing difference refer to the Rel-18 RAN4 intra-band non-collocated WID defined MTTD requirement.
· Option 4: RAN4 to reuse MRTD and MTTD values of inter-band CA scenario for multi-DCI and multi-TA feature of Rel-18 MIMO.
· Option 5: The maximum uplink timing difference can be assumed as:
· For FR1, not larger than CP+1.6µs
· For FR2, not larger than CP+0.5µs
· Option 6:
· For FR1 UE, or for FR2 UE which is only able to Tx from one panel at a time, the maximum Tx timing difference between different carriers in CA/DC scenario that UE is required to assumed, is specified in clause 7.5.4 of TS 38.133, and it is up to RAN 1 to define the Tx timing difference within the single carrier.
· For FR2 UE that is capable of simultaneous Tx from 2 different panels, RAN4 postpone the discussion until the RTD assumption is concluded in R18 multi-Rx chain WI.


Sub-topic 1-3: MTTD for multiple TRPs for inter-cell case
NOTE: the inter-cell multi-TRP operation refers to TRPs on the same CC rather than on cross CCs, where one TRP is associated to the serving PCI and the other TRP is associated to a PCI different from serving PCI.

· Proposals:
· Option 1: the maximum uplink transmit timing difference between multiple TRPs can be assumed within a CP length (single FFT)
· Option 2: the maximum transmit timing difference depends on UE capability on number of panels
· For single UE panel, the MTTD between UL signals should be within CP.
· For multiple UE panels, the MTTD between UL signals may be larger than CP, e.g. MTTD for CA case.
· Option 3: the current inter-band CA MTTD requirement can be reused.
· Option 4: RAN4 to reuse MRTD and MTTD values of inter-band CA scenario for multi-DCI and multi-TA feature of Rel-18 MIMO.
· Option 5: The maximum uplink timing difference can be assumed as:
· For FR1, not larger than CP+1.6µs
· For FR2, not larger than CP+0.5µs
· Option 6:
· For FR1 UE, or for FR2 UE which is only able to Tx from one panel at a time, the maximum Tx timing difference between different carriers in CA/DC scenario that UE is required to assumed, is specified in clause 7.5.4 of TS 38.133, and it is up to RAN 1 to define the Tx timing difference within the single carrier.
· For FR2 UE that is capable of simultaneous Tx from 2 different panels, RAN4 postpone the discussion until the RTD assumption is concluded in R18 multi-Rx chain WI.


According to MRTD/MTTD design, the propagation delay difference contributes the most. In R17 FeMIMO design, RAN1 had assumption that the MRTD between different TRPs shall be less than CP. Moving on into R18, so far there is no explicit discussion in RAN1 on whether the previous assumption still holds. Assuming the assumption still apply in R18, the expected MTTD can be much smaller. From complexity perspective, it could be good to limit the MTTD smaller than CP as well to allow single FFT. 
[bookmark: _Ref115422747]Proposal 1: for both intra-cell and inter-cell multiple TRPs, the maximum uplink transmit timing difference between multiple TRPs can be assumed within a CP length.


3. Conclusion
In this contribution, we provide further discussion on MTTD for multi-DCI multi-TRP with two TAs. After discussion the following conclusions are provided:
Observation 1: existing MRTD requirements only apply for cells on different carriers and cannot apply among different TRPs on the same carrier.
Observation 2: existing MTTD requirements only apply for cells on different carriers and cannot apply among different TRPs on the same carrier.
Proposal 1: for both intra-cell and inter-cell multiple TRPs, the maximum uplink transmit timing difference between multiple TRPs can be assumed within a CP length.
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