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1. Introduction
In RAN plenary #94-e, a new WID on MIMO evaluation for DL and UL was approved as in [1], and in which it was agreed to study TA enhancement to support two TAs for UL multi-DCI multi-TRP operation. The detail objective is listed as follows:
	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.
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.


At RAN1#109-e meeting (May, 2022), the DL and UL timings at UE and TRPs when UE is communicating with multi-TRP have started to be discussed [2][3]. Particularly, the following questions are raised in LS to RAN4 [4] to be studied on: 
	To RAN WG4
ACTION: 
· RAN1 would like to kindly ask RAN4 to provide feedback to RAN1 on what maximum uplink timing difference that RAN1 can assume between the two TAs for multi-DCI multi-TRP operation.


In last RAN4 meeting, one reply LS [6] has been approved, while the answers to RAN1’s question has not yet been fully addressed. In this contribution, we will continue the discussion on this issue. 
2 Discussion 
2.1 Discussion on MTTD for multi-TRP operation in Rel-16/17
During Rel-16 and Rel-17, there are lots of discussions on how/whether to have a restriction on MRTD/MTTD for signals from the multiple TRPs. In RAN4#94-bis-e, some possible updates to RRM requirements with multi-TRP were proposed [2], in which corresponding RRM requirements and open issues on multi-TRP transmission were agreed. And then, in RAN4#96e, the WF on MRTD/MTTD requirements for Multi-TRxP Transmission was agreed [3].
	<Agreement from RAN4#94e-Bis RRM Session>
WF on RRM Core Requirement Maintenance
	RRM requirements:
· No need to change MRTD requirement for FR2 intra-band CA scenario to enable multi-TRP transmission
Open issues:
· The necessity of change on intra-band EN-DC MRTD/MTTD to enable multi-TRP transmission
· The necessity of change on FR1 intra-band CA MRTD to enable multi-TRP transmission


<Agreement from RAN4#96e RRM Session>
WF on Multi-TRxP Transmission
	Topic #3: Multi-TRxP Transmission
Agreement:
· For Rel-16 eMIMO multi-TRxP transmission, 
· No RRM core requirement impact identified on MRTD/MTTD values specified in Rel-15;
For Rel-16 eMIMO multi-TRxP transmission,
Agreement:
· It is RAN4 common understanding that MRTD/MTTD requirements in clauses 7.5.3, 7.6.3 and 7.6.4 is sufficient for support the deployment with multi-DCI based and single-DCI based multi-TRxP transmission.





Subsequently, in RAN4 #100-e meeting, some clarifications on applicability of MRTD/MTTD requirements for Multi-TRxP was presented in the WF [4]. Next, the WF on RRM performance requirement was agreed in RAN4 #101-e meeting [5]. From the agreements achieved, in the end, all the existing MRTD requirements (for NR-CA, EN-DC, NR-DC) have been agreed to apply for the case with multi-TRPs in Rel-16. And based on the agreement in [5], a clarification on MRTD applicability for multi-TRxP scenario was finally added into TS38.133 MRTD requirement. 
	<Agreement from RAN4#100-e RRM Session>
WF on RRM Core Requirement Maintenance
	Clarification on applicability of MRTD/MTTD requirements for Multi-TRxP
Agreements:
· Add a clarification on MRTD applicability to multi-TRxP scenario into RAN4 specification
· Option 2a: A UE shall be capable of handling a relative receive timing difference between slot timing boundaries of any one carrier and the closest slot timing boundary of another carrier in NR carrier aggregation; and if UE receives multiple PDSCHs within one of any of the two carriers, the UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of two PDSCHs from respective carriers.
· Option 2b: A UE shall be capable of handling a relative receive timing difference between slot timing boundaries of any one carrier and the closest slot timing boundary of another carrier in NR carrier aggregation; and if a UE is configured to receive multiple PDSCH from different TRP on the same carrier,  the UE shall be capable of handling a relative timing difference between any one of the slot timing boundaries of any one carrier with multiple PDSCH and the closest slot timing boundary of another carrier in NR carrier aggregation.
· Other options are not precluded
Companies are encouraged to find a proper wording added to the introduction of MRTD requirement to clarify the multi-TRxP scenario in the next meeting.


<Agreement from RAN4#101-e RRM Session>
WF on RRM Core Requirement Maintenance
	Issue 1-1 Clarification on applicability of MRTD requirements for Multi-TRxP
Agreements:
· Applicability of MRTD requirements for Multi-TRxP
· 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. 


<Impact to TS 38.133 spec >
	7.6	Maximum Receive Timing Difference
7.6.1	Introduction
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.





Based upon the discussion history above, we can find that the current MRTD/MTTD requirements in RAN4 specify the limitation on time difference only for inter-cell case, 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.” 
Based on our understanding on the above applicable rule, taking NR CA for instance, if multi-TRP is deployed on any one of the aggregated NR carriers, the MRTD requirements shall be applicable to, at least, one of multiple TRPs, which shall be used for the timing reference, but there is no limitation on which TRP. 
Observation 1: In RAN4, there is no final decision explicitly to define MRTD requirement from two TRPs, but there is one clarification in TS 38.133: 
“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.”

Proposal 1: The current MRTD/MTTD requirements in RAN4 defines the limitation on time difference only for inter-cell case, but it should be also applied in the case “UE is configured to receive multiple PDSCH transmission occasions from one or more QCL sources on any one of the aggregated NR carriers.” 
2.2 Discussion on multi-TRP deployment scenarios flexibility
In Rel-17, both intra and inter-cell multi-TRP are supported where a single TA is utilized. And it is assumed that the time difference between signals from TRPs arriving at UE is within a CP. 
However, in Rel-18, two TAs are introduced into multi-TRP. Based on the scenarios confirmed by RAN1 area expertise in RAN1 #110e: 
	<Agreement from RAN1#110-e >
Two TAGs vs one TAG
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.
Two vs One Timing Advance Offset
For multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported.


There are at least two key aspects for the multi-TRP feature deployment to be considered in RAN4: 1) UL transmission overlapping; 2) Time difference limitation.
2.2.1 UL transmission overlapping 
With one TA configured, UE transmits UL signals to different TRPs by using the same TA. In this case, the UL signals in time domain do not overlap at all. However, after introducing 2 TAs (by configuring two TAGs) UE transmits UL signals to different TRPs with different TA and the UL signals in time domain may overlap with each other.
As shown in Figure 1, in which NR Rel-16 TDM based PUSCH transmission is performed with two TAs configured while UE cannot transmit two UL signals simultaneously in the same CC, the overlapping between the two signals might happen due to different TAs if the value of TA2 is larger than TA1. And the solution to this case is provided in RAN1 that “If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot”.
[image: ]
Fig.1 UL transmission overlapping due to two TAs 

While if UE supports two independent RF chains/Tx chains with different TAs, it can transmit two different UL signals simultaneously in a CC and then there is no overlapping problem to be solved. 

Observation 2: For NR TDM based PUSCH transmission, UL transmission overlapping happens in the scenario with two TA configured due to the restriction of UE capability, i.e., UE with single Tx.

Observation 3: If UE supports two independent RF chains/Tx chains with different TAs, the UL signals can be transmitted simultaneously in a CC and then there is no overlapping problem.

Since the UE capability and UL overlap handling in two TAs multi-DCI multi-TRP scenario is still under discussion in RAN1, we propose that 
Proposal 2: In multi-DCI multi-TRP with two TAs, if UL transmission overlapping is allowed and handled in RAN1, the current single TX UE can be reused. If not, UE supporting two independent RF chains/Tx chains with different TAs is more reasonable. 
2.2.2 Time difference limitation 
For multi-TRP operation, the DL reception time difference is caused by two factors: The propagation delay of two TRPs for a given UE and the inaccuracy of timing synchronization between 2 TRPs. 
For inter-cell multi-DCI multi-TRP with two TAs case, 
In our view, this case is similar with inter-band CA case, and then the principles of MRTD/MTTD in inter-band CA case can be used to define MRTD/MTTD in multi-DCI multi-TRP with two TAs case. In current spec., the existing MRTD for inter-band CA is defined as MRTD = TAE + , which contains propagation delay difference () and TAE between two BSs. 
For the two TAs case, the sync. operation between multi-TRP is still need to be assumed. From our understanding, although no requirement for multi-TRP TAE has been specified till Rel-18 TS 38.104, the value of FR2 multi-TRP TAE shall be comparable to that of BS TAE in FR2 inter-band CA, i.e., .
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For MIMO transmission, at each carrier frequency, OTA TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 130 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.



Since the assumption on MRTD/MTTD between multi-TRP within a CP length is even more severe in FR2 considering the fact that the CP length for FR2 is much shorter than that for FR1, we take FR2 as example. Considering 5  propagation delay difference, the MRTD for the considerd case is defined as 8 μs. And the corresponding MTTD is 8.5 where 0.5  is UL TA error. We can see that the MTTD/MRTD is greater than CP length for FR2 shown in Table 1. That means time difference within CP may be not feasible for 2 TAs for inter-cell multi-DCI multi-TRP with two TAs case.
Table 1 CP length for various SCS
	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


Observation 4: The assumption on time difference within CP may be not feasible for inter-cell multi-DCI multi-TRP with two TAs case. 

For intra-cell multi-DCI multi-TRP with two TAs case,
Assuming co-located deployment and bands within the same frequency group, the. Then, MRTDTAE. According to TS 38.104, the minimum requirement is 65 ns, which is for MIMO transmission. And we think such tight TAE is also applicable for co-located intra-cell multi-DCI multi-TRP with two TAs case, and then MRTD<CP.
However, there are two questions: 1) The distance between TRPs will be limited. Take SCS=120 kHz as example, assuming perfect timing synchronization between TRPs and taking CP= 0.57 , a distance of 0.57=180 m can be obtained. This short distance put limitations to the TRPs’ deployment scenarios. And another limitation could come for the clock offset of the two TRPs. 2) Since the TAs are different, the co-located deployment cannot be satisfied actually.
Assuming non-collocated deployment, i.e., UE has two panels, RAN4 could assume the TAE between multiple TRP within a cell shall be tighter, i.e., better than 3 µs. And then MRTD< 8 μs, which is larger than CP.

Observation 5: For co-located intra-cell multi-DCI multi-TRP with two TAs case, although the assumption on DL timing difference within a CP simplifies UE implementation. However, co-located deployment does not match the targeted scenario for intra-cell multi-DCI multi-TRP with two TAs.

Observation 6: For non-collocated intra-cell multi-DCI multi-TRP with two TAs case, where UE has two panels, the MTTD between multiple TRPs cannot be assumed within a CP length (single FFT).

Proposal 3: In Rel-18 two TAs multi-DCI multi-TRP scenario, the MTTD between multiple TRPs cannot be assumed within a CP length (single FFT) for both intra- and inter-cell cases, in which multiple panels are used for multiple TRPs respectively.
2.3 What MTTD can be assumed?
In our view, MTTD values are depend on UE capability on the number of panels whatever in inter/intra-cell case.
For inter-cell multi-DCI multi-TRP with two TAs case,
For single UE panel, timing difference should be within CP. That because, generally, single panel only has one sync. resource to handle the timing problem. UE adjust UL timing based on DL timing, if MRTD/MTTD doesn’t satisfy the within CP assumption, received signals will get distorted due to ISI and ICI.
For multiple UE panels, timing difference may be larger than CP. UE has individual sync. resource and same/different reference timing. UE can independently operated with different timings, which may enhance system’s capability. Based on the history discussions in 2.2.2, the MRTD/MTTD value for multi-DCI multi-TRP operation can be much comparable to that for NR-NR DC with synchronization operation on the same CC, which can be treated as the worst case. So that the existing RAN4 MTTD requirement for inter-band sync NR-DC, i.e., 34.6us for all cells in MCG and SCG in FR1 and 8.5us for all cells in MCG and SCG in FR2-1 respectively as below, can be used as a good starting point to be discussed.
	7.5.6	Minimum Requirements for inter-band NR DC
The UE shall be capable of handling a maximum uplink transmission timing difference between PCell and PSCell as shown in Table 7.5.6-1 provided that the UE indicates that it is capable of synchronous NR DC only [14].
Table 7.5.6-1: Maximum uplink transmission timing difference requirement 
for inter-band synchronous NR DC
	Frequency Range
	Maximum uplink transmission timing difference (µs)

	Cell in MCG
	Cell in SCG
	 

	FR1
	FR1
	34.6

	FR2-1
	FR2-1
	8.5

	FR1
	FR2-1
	34.1

	FR1
	FR2-2
	TBD






For intra-cell multi-DCI multi-TRP with two TAs case,
For single UE panel, timing difference should be within CP. The reasons are the same as that discussed in inter-cell part. 
For multiple UE panels, timing difference may be larger than CP. Although the time difference may become tighter. RAN4 may also treat the inter-band CA MTTD i.e., 34.6us for all cells in MCG and SCG in FR1, and 8.5us for all cells in MCG and SCG in FR2-1 as upper-bound for TA difference in intra-cell multi-DCI multi-TRP with two TAs case
Proposal 4: For inter-cell/intra-cell multi-DCI multi-TRP with two TAs case, MTTD values are depend on the number of UE panels. 
- For single UE panel utilized, timing difference shall be restricted within CP. 
- For multiple UE panels utilized for multi-TRP respectively, the existing MTTD requirement for inter-band sync NR-DC, i.e., 34.6us for all cells in MCG and SCG in FR1, and 8.5us for all cells in MCG and SCG in FR2-1, shall be followed. 

3. Conclusion
In this contribution, we provided our initial viewpoints to trigger the discussion on this WI, the following observations and proposals are obtained:
Observation 1: In RAN4, there is no final decision explicitly to define MRTD requirement from two TRPs, but there is one clarification in TS 38.133: 
“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.”
Proposal 1: The current MRTD/MTTD requirements in RAN4 defines the limitation on time difference only for inter-cell case, but it should be also applied in the case “UE is configured to receive multiple PDSCH transmission occasions from one or more QCL sources on any one of the aggregated NR carriers.” 
Observation 2: For NR TDM based PUSCH transmission, UL transmission overlapping happens in the scenario with two TA configured due to the restriction of UE capability, i.e., UE with single Tx.
Observation 3: If UE supports two independent RF chains/Tx chains with different TAs, the UL signals can be transmitted simultaneously in a CC and then there is no overlapping problem.
Proposal 2: In multi-DCI multi-TRP with two TAs, if UL transmission overlapping is allowed and handled in RAN1, the current single TX UE can be reused. If not, UE supporting two independent RF chains/Tx chains with different TAs is more reasonable. 
Observation 4: The assumption on time difference within CP may be not feasible for inter-cell multi-DCI multi-TRP with two TAs case. 
Observation 5: For co-located intra-cell multi-DCI multi-TRP with two TAs case, although the assumption on DL timing difference within a CP simplifies UE implementation. However, co-located deployment does not match the targeted scenario for intra-cell multi-DCI multi-TRP with two TAs.
Observation 6: For non-collocated intra-cell multi-DCI multi-TRP with two TAs case, where UE has two panels, the MTTD between multiple TRPs cannot be assumed within a CP length (single FFT).
Proposal 3: In Rel-18 two TAs multi-DCI multi-TRP scenario, the MTTD between multiple TRPs cannot be assumed within a CP length (single FFT) for both intra- and inter-cell cases, in which multiple panels are used for multiple TRPs respectively.
Proposal 4: For inter-cell/intra-cell multi-DCI multi-TRP with two TAs case, MTTD values are depend on the number of UE panels. 
- For single UE panel utilized, timing difference shall be restricted within CP. 
- For multiple UE panels utilized for multi-TRP respectively, the existing MTTD requirement for inter-band sync NR-DC, i.e., 34.6us for all cells in MCG and SCG in FR1, and 8.5us for all cells in MCG and SCG in FR2-1, shall be followed. 
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