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Introduction
MIMO is one of the key technologies in NR systems, and the Rel-18 brings important enhancements to both DL and UL. Among the enhancements to be studied and specified for the UL, the following is listed in the WID [1].
	7. Study, and if justified, specify the following 
· Two TAs for UL multi-DCI for multi-TRP operation 
· …
For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.




The Rel-18 WI started in RAN1 #109 [2], and the following was agreed regarding the enhancements to support two TAs for multi-DCI:  
	[bookmark: _Hlk111025257]Agreements in RAN1 #109
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.
Agreement
For multi-DCI based multi-TRP operation, down-select one of the two alternatives:
· Alt 1: configure two TAGs within a serving cell
· Alt 2: consider two TAs within one TAG within a serving cell
Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.
 
 
Agreement
Enhancements on two TAs for UL multi-DCI for multi-TRP operation are applicable to both FR1 and FR2.
 
Agreement
[bookmark: _Hlk111025268]For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1: two reference timings are considered
· Alt 2: one reference timing is considered
Note: reference timing above is the timing of the DL reception 
 
 
Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives further in Rel-18:
· Alt 1: one n-TimingAdvanceOffset value per serving cell
· Alt 2: two n-TimingAdvanceOffset value per serving cell
Agreement
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.



RAN4 received an LS from RAN1 with the following conclusion and action[3]: 
	1.  Overall Description
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.




In this document, we present Nokia’s views regarding the LS received from RAN1. 
Discussion
Legacy (Rel-15/Rel-16) timing advance (TA) procedures defined the use of a single TA per serving cell. Hence, for multi-TRP operation within a serving cell, it has so far been assumed that two transmitted signals towards (or from) different TRPs are within the CP length.
On the other side, Rel-16/Rel-17 introduced multi-TRP operations where the main goal was to improve the reliability and robustness of DL and UL channels, Rel-17 just started to study requirements under non-collocated TRP scenarios Rel-18 MIMO objectives include the extension of the Rel-17 unified TCI framework to multi-TRP use cases, and include enabling simultaneous UL transmissions for higher UL throughput/reliability assuming up to two TRPs. Under multi-TRP cases, including both intra-cell and inter-cell cases, a UE may communicate with or be connected to (at least) two non-collocated TRPs at a time. In the last RAN1 meeting, it has been agreed to support 2 TA enhancements for both intra-cell and inter-cell cases in FR1 and FR2, which can support larger propagation delay differences between the multiple TRPs. 

RAN1 has agreed to support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP non-collocated scenarios in FR1 and FR2 in Rel-18.

Until Rel-18, for MIMO transmissions the RAN4 RRM requirements were defined under the assumption that the DL receptions from multiple TRPs are within the CP length, and there were no requirements defined for maximum receive timing difference (MRTD) and maximum transmit timing difference (MTTD) for MIMO. The current MTTD requirements are applicable to the following scenarios: inter-band carrier aggregation and dual connectivity, in which the UE has separate receiver chains. The Rel-18 work item assumes non-collocated scenarios for MIMO and new requirements are needed. 

The current MTTD requirements defined in RAN4 are applicable to inter-band carrier aggregation and dual connectivity scenarios. There are currently no MRTD/ MTTD study or requirements specified for MIMO transmissions and non-collocated TRP scenarios
The RAN1 agreements define 2 scenarios for which the 2 TA enhancement for uplink multi-DCI based multi-TRP operation are applicable: 
1) TDM based multi-DCI uplink transmission
2) Simultaneous multi-DCI uplink transmission (if simultaneous uplink multi-DCI uplink transmission is supported in Agenda 9.1.4.1)
In the first scenario, the transmissions to different TRPs are not simultaneous. Two TAs might still be needed to support different propagation delays from the non-collocated TRPs. The important consideration regarding the MTTD requirements is whether the transmissions to both TRPs could overlap due to the different timing advances, situation which need to be avoided by the network. In the second scenario, the transmissions are simultaneous. In this case, it is important to clarify what is the UE Rx assumption: is RAN4 to consider that the UE has multiple receiver chains, or a single receiver chain? 
It is not clear from the WI what is the assumption on the UE receiver chain: single or multiple time tracking and control chains for UE RX and TX respectively RAN1 is still discussing UE behaviours of multi-DCI multi-TRP operation with two TA commands
RAN4 to discuss the UE Tx/Rx architecture and time tracking and control assumptions for the definition of MTTD requirements. UE behaviors should be further clarified regarding
· UE reference timing tracking behaviors in DL on two TRPs
· UE TX timing determination in UL based on two TA commends 

Considering the assumption that the UE has multiple receiver chains, it is worth mentioning that since Rel-15 there is support for multiple timing advance groups (TAGs) in different UL CCs, and there was a discussion in RAN1 #109 proposing to reuse the MTTD requirements from inter-band CA [7] which are copied below. 

	7.5.4	Minimum Requirements for NR Carrier Aggregation 
The UE shall be capable of handling at least a relative transmission timing difference between slot timing of all pairs of TAGs as shown in Table 7.5.4-1, provided that the UE is:
-	configured with the pTAG and the sTAG for inter-band NR carrier aggregation in SA or NR-DC mode, or
-	configured with more than one sTAG for inter-band NR carrier aggregation in EN-DC or NE-DC mode.
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2-1
	8.5 Note1

	Between FR1 and FR2-1
	26.1 

	Between FR1 and FR2-2
	TBD

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.






For UL-CA multiple TAGs are supported in different UL CCs, the maximum transmit timing difference requirement for inter-band NR carrier aggregation is 8.5 us in FR2 and 34.6 us in FR1. 

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
Where the Te is the timing error and MRTD is the maximum receive time difference, which is defined as: 
· MRTD = TAE + Δpropagation_delay
In our view, the same basic principles could be assumed for the definition of the MTTD requirements for the multi-DCI mTRP case with two TAs. 
The timing alignment error (TAE) is defined in TS 38.104. The minimum requirements for FR2 are copied below. For MIMO transmissions, the TAE shall not exceed 65 ns, and for inter-band carrier aggregation the TAE shall not exceed 3 μs, which is the RAN4 requirement for cell phase synchronization.
	[bookmark: _Toc21127660][bookmark: _Toc29811869][bookmark: _Toc36817421][bookmark: _Toc37260343][bookmark: _Toc37267731][bookmark: _Toc44712334][bookmark: _Toc45893647][bookmark: _Toc53178367][bookmark: _Toc53178818][bookmark: _Toc61179056][bookmark: _Toc61179526][bookmark: _Toc67916822][bookmark: _Toc74663443][bookmark: _Toc82621984]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.


The MTTD depends on the TAE at the gNB, the propagation delay difference between both TRPs, and TA step size and adjustment accuracy. 
 
And the MRTD for intra and inter-band carrier aggregation is defined in TS 38.133 as:  
	Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2-1
	0.26

	FR2-2
	TBD

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	TBD

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.






For inter-band NR CA, in FR1 and FR2-1, in the MRTD requirements there is a margin of 30 μs and 5 μs to be considered for propagation delay, which corresponds to 9 km and 1.5 km respectively. In our view, this margin would be enough to accommodate the inter-cell scenarios defined by RAN1 to the 2 TA enhancements for multi-DCI multi-TRP.
RAN4 to discuss the tolerable MTTD for the non-collocated scenarios. The baseline for the discussion can be the values considered in the inter-band CA case.   
· If reusing the requirements of the inter-band CA, a UE should be able to track DL timings separately for two non-collocated TRP and also maintain two TX timing based on two TA commands for two non-collocated TRP respectively.
Conclusion
In this document, we present Nokia’s views regarding the LS received from RAN1 about maximum uplink timing difference for multi-DCI, multi-TRP with two TAs. The following observations and proposals are discussed: 
1. RAN1 has agreed to support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP non-collocated scenarios in FR1 and FR2 in Rel-18.
The current MTTD requirements defined in RAN4 are applicable to inter-band carrier aggregation and dual connectivity scenarios, in which it is considered that the UE has separate RX chains. There are currently no MRTD/ MTTD study or requirements specified for MIMO transmissions and non-collocated TRP scenarios
It is not clear from the WI what is the assumption on the UE receiver chain: single or multiple time tracking and control chains for UE RX and TX respectively RAN1 is still discussing UE behaviours of multi-DCI multi-TRP operation with two TA commands
1. RAN4 to discuss the UE Tx/Rx architecture and time tracking and control assumptions for the definition of MTTD requirements. UE behaviors should be further clarified regarding
· UE reference timing tracking behaviors in DL on two TRPs
· UE TX timing determination in UL based on two TA commends 

The MTTD depends on the TAE at the gNB, the propagation delay difference between both TRPs, and TA step size and adjustment accuracy. 
 RAN4 to discuss the tolerable MTTD for the non-collocated scenarios. The baseline for the discussion can be the values considered in the inter-band CA case.   
· If reusing the requirements of the inter-band CA, a UE should be able to track DL timings separately for two non-collocated TRP and also maintain two TX timing based on two TA commands for two non-collocated TRP respectively.
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