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[bookmark: _Toc116995841]Introduction
In RAN #94e, the MIMO evolution downlink and uplink was approved in [1]. Among its objectives, there is the study and specification of two timings advance (TAs) for UL multi-DCI for multi-TRP operations: 
	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.





In RAN1#109, an LS [2] was sent to RAN4 inquiring what is the maximum uplink timing difference to be assumed between the two TAs for multi-DCI multi-TRP operation. 
RAN4 answered this LS in two parts [3][4]. In the latest response, RAN4 divided the maximum uplink in two cases: cases in which the RTD is within the cyclic prefix (CP), and cases in which the RTD is above CP, as captured in last meeting WF [5] and copied below: 
	Issue 1-2: MRTD/MTTD requirement for multi-DCI multi-TRP operation in FR1
Agreements:
· For both intra-cell and inter-cell multi-TRP, the MRTD between multiple TRPs can be assumed within a CP length as baseline. MTTD can be CP+M1 µs for FR1. Where M1 is FFS.
· FFS whether transient period between 2 UL signals associated with 2 different TAs needs to be considered
· For a UE capable of supporting RTD>CP (as an optional UE capability), MRTD/MTTD value is 33/34.6 µs.
Issue 1-3: MRTD/MTTD requirement for multi-DCI multi-TRP operation in FR2
Agreements:
· For both intra-cell and inter-cell multi-TRP, the MRTD between multiple TRPs can be assumed within a CP length as baseline. MTTD can be CP + M2 µs for FR2. Where M2 is FFS.
· FFS whether transient period between 2 UL signals associated with 2 different TAs needs to be considered
· For a UE capable of supporting RTD>CP (as an optional UE capability), MRTD/MTTD value is 8/8.5 µs.




In this contribution we discuss: 
· RAN1 agreements impact on RAN4
· MTTD when MRTD is within CP and propose values for the margins M1 and M2.
[bookmark: _Toc116995842]Discussion
Regarding RAN1 Agreement on TAC 
	Agreement
Enhancement on two TAs for UL multi-DCI for multi-TRP operation is supported in Rel-18.
Note 1: whether (1) the network signals two TACs or (2) the network signals one TAC and the UE deriving the second TA can be further studied.
Note 2: evaluations can be considered on as-needed basis.




At the previous RAN1 meeting RAN1#112 it was agreed to support, in Rel-18, two TAs for UL multi-DCI for multi-TRP operation. Although a solution of using 2 TAC is agreed, it is still, as a note, agreed to further study the possibility to have network signal single TAC (Timing Advance Command) and let UE derive the second TA value.
[bookmark: _Toc127546065]It is still open in RAN1 whether the UE can derive second TA value from single TAC.
In the above considerations, the following assumptions apply: 
1. From Rel-17 FeMIMO, in Unified TCI Framework, each UL TCI has DL-RS association
2. For Rel-17/18, each indicated UL TCI state has first be measured and reported, i.e. it is a known UL TCI.
[bookmark: _Toc127546066]Each UL TCI state has an associated DL RS and each indicated UL TCI state has been measured and reported before activation and indication.
[bookmark: _Toc127347567][bookmark: _Toc127546067]The  UE is required to track DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission. 

Regarding MRTD and TAE discussion
Maximum receive timing difference (MRTD) and maximum transmit timing difference (MTTD) requirements are specified in TS 38.133 in the following cases: carrier aggregation and dual-connectivity. Up to Rel-17, there are no requirements defined for MTTD and MRTD for signals received/transmitted in the same component carrier. This assumption changed in Rel-18, and in RAN1 #110b, RAN1 agreed to support, as an optional UE capability, timing differences longer than the cyclic prefix. Table 1 gives the values of cyclic prefix for different subcarrier spacing (SCS):
Table 1 - Cyclic prefix duration for different values of SCS
	SCS [kHz]
	Cyclic Prefix [μs]

	15
	4.69

	30
	2.34

	60
	1.17 (normal CP)

	120
	0.59

	240
	0.29



The maximum receive timing difference is composed by the timing alignment error, which is a base station requirement and by the propagation delay difference, which depends on the deployment scenario: 
MRTD = TAE + Δpropagation_delay
[bookmark: _Toc127546068]The MRTD is given by the addition of the TAE and the propagation delay difference.

In the last RAN4 meeting, the following agreement was reached regarding TAE [5]: 
	Issue 1-4: TAE for multi-TRP
Agreements:
· Do not change the TAE requirement due to the LS. 
· MRTD/MTTD for multi-TRP with RTD>CP is based on the current inter-band CA TAE requirement



[bookmark: _Toc127546069]In RAN4 #104-bis it was agreed that there will be no changes to TAE requirements due to the LS, and that MRTD/MTTD for multi-TRP with RTD>CP is based on the current inter-band CA TAE requirement, equal to 3 us.
TAE requirements, given in TS 38.104 range from 65 ns to 3 μs for FR1 and FR2:
	[bookmark: _Toc21127481][bookmark: _Toc29811690][bookmark: _Toc36817242][bookmark: _Toc37260158][bookmark: _Toc37267546][bookmark: _Toc44712148][bookmark: _Toc45893461][bookmark: _Toc53178188][bookmark: _Toc53178639][bookmark: _Toc61178865][bookmark: _Toc61179335][bookmark: _Toc67916631][bookmark: _Toc74663229][bookmark: _Toc82621769][bookmark: _Toc90422616][bookmark: _Toc106782809][bookmark: _Toc107311700][bookmark: _Toc107419284][bookmark: _Toc107474911]6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
The time alignment error requirements for NB-IoT are specified in TS 36.104 [13] clause 6.5.3.



	[bookmark: _Toc106783027][bookmark: _Toc107311918][bookmark: _Toc107419502][bookmark: _Toc107475129]9.6.3.3	Minimum requirement for BS type 2-O
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.



[bookmark: _Toc127448702][bookmark: _Toc127448728][bookmark: _Toc127448754][bookmark: _Toc127448789]According to RAN4 previous agreements, TAE cannot be assumed to be zero since the current requirements in TS 38.104, the TAE values range from 65 ns to 3 μs depending on the scenario.
As a result of the above, and considering that MRTD values are decided for UE capable of RTD>CP, it is needed to discuss what values can be defined for UE not supporting RTD>CP. Since the MRTD has to consider that some part of it is composed by the synchronization of two TRPs which is specified with the TAE, and propagation delay, a large MRTD will be beneficial for a flexible deployment of this feature. Therefore, we propose to use CP as a reference for the MRTD of UEs not supporting RTD>CP. 

[bookmark: _Toc127436990][bookmark: _Toc127546070]For UE not supporting RTD>CP, consider MRTD=CP. 


Regarding MTTD Requirements
The maximum transmit time difference (MTTD) is given by the MRTD and a margin that accounts for the TA adjustment accuracy and transmit timing errors at the UE. The basic principles for the definition of the MTTD requirements in different component carriers are [6]:  
MTTD = MRTD +  (TA step size / 2+ TA adjustment accuracy + Te) in cc1 + (TA step size / 2 + TA adjustment accuracy +Te) in cc2
[bookmark: _Toc127546071]The MTTD is given by the MRTD and a margin to account for the TA adjustment accuracy and transmit timing error.
Taking the MRTD/ MTTD requirements for inter-band CA in TS 38.133 as an example, we have that: 
	
	Maximum receive timing difference (μs)
	Maximum transmit timing difference (μs)
	Margin (μs)

	FR1
	33
	34.6
	1.6

	FR2-1
	8
	8.5
	0.5



[bookmark: _Toc127546072]In inter-band CA requirements, the margin between MRTD and MTTD requirements is defined as 1.6 μs in FR1 and 0.5 μs in FR2.
[bookmark: _Toc127546073][bookmark: _Toc116995848]RAN4 to define MTTD requirements for multi-DCI multi-TRP operation with 2 TAs, when the MRTD is within CP, considering the same margin used for existing MTTD requirements, i.e. margin of 1.6 μs in FR1 and 0.5 μs in FR2, on top of the values defined for MRTD.
Conclusion
In this contribution, the MTTD requirements when the propagation delay difference is within CP is discussed. The following observation and proposal are presented: 
Observation 1: It is still open in RAN1 whether the UE can derive second TA value from single TAC.
Observation 2: Each UL TCI state has an associated DL RS and each indicated UL TCI state has been measured and reported before activation and indication.
Proposal 1: The  UE is required to track DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission.
Observation 3: The MRTD is given by the addition of the TAE and the propagation delay difference.
Observation 4: In RAN4 #104-bis it was agreed that there will be no changes to TAE requirements due to the LS, and that MRTD/MTTD for multi-TRP with RTD>CP is based on the current inter-band CA TAE requirement, equal to 3 us.
Proposal 2: For UE not supporting RTD>CP, consider MRTD=CP.
Observation 5: The MTTD is given by the MRTD and a margin to account for the TA adjustment accuracy and transmit timing error.
Observation 6: In inter-band CA requirements, the margin between MRTD and MTTD requirements is defined as 1.6 μs in FR1 and 0.5 μs in FR2.
Proposal 3: RAN4 to define MTTD requirements for multi-DCI multi-TRP operation with 2 TAs, when the MRTD is within CP, considering the same margin used for existing MTTD requirements, i.e. margin of 1.6 μs in FR1 and 0.5 μs in FR2, on top of the values defined for MRTD.
[bookmark: _Toc116995849] 
References
[1] [bookmark: _Ref114500673][bookmark: _Ref117252489]RP-213598, “New WID: MIMO Evolution for Downlink and Uplink”, Samsung
[2] [bookmark: _Ref127527801]R1-2205593, “LS on maximum uplink timing difference for multi-DCI multi-TRP with two TAs”, RAN1
[3] [bookmark: _Ref127527831]R4-2214354, “Reply LS on MTTD for multi-DCI multi-TRP with two TAs”, RAN4 #104-e
[4] [bookmark: _Ref127527834]R4-2217279, “Reply LS on MTTD for multi-DCI multi-TRP with two TAs”, RAN4 #104bis
[5] [bookmark: _Ref117254984]R4-2217278, “WF on MRTD/MTTD requirement for multi-TRPs with 2 TAs”, RAN4 #104bis
[6] [bookmark: _Ref117254421]R4-2206919, “WF on NR extension to 71 GHz RRM requirements part 1”, RAN4 #102-e

