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1. BACKGROUND
RAN plenary #94e approved the WID in [1] for Rel-18 MIMO enhancements. As described in WID, one of the goals in Objective 7 is to study and specify the operation related to multi-DCI multi-TRP deployment allowing for two timing advance TAs loops. In this context, for the case of simultaneous UL transmissions, the operation is limited to the description of Objective 6 in WID.  RAN1 initiated discussions that led to an LS to RAN4 in [2] regarding the MTTD limits that RAN1 shall further consider for this feature design. RAN4 had preliminary discussions and a WF in [3] has been approved.

We are listing below for convenience the objectives 6 and 7 as they are part of the following discussion:

	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.
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.




Additionally, we are listing below the content of the LS for convenience as it is the main subject of this contribution:

	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.




2. DISCUSSION
In this contribution, we share our analysis and propose an answer for the LS reply to RAN1. 

2.1 MULTI-TRP DEPLOYMENT SCENARIOS ANALYSIS
In Rel-17, for both intra and inter-cell, multi-TRP operations were limited to within a CP reception. That means, no major UE timing adjustments in downlink were expected. For convenience we are listing here a table with the CP and symbol length for different SCS options:

	[bookmark: _Hlk52271917]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


Table 1. Symbol and CP length for different numerologies

As we can see in Table 1, for 120KHz and 240KHz SCS, since CP size is quite small, employing two independent TA values in FR2 is required for supporting a viable multi-TRP operation.

Currently, for non-collocated transmission points, RAN4 specifications (38.133) define some time restrictions in terms of Maximum Receive Time Difference (MRTD) and Maximum Transmit Time Difference (MTTD). These limits are imposed due to the different UE capabilities in terms of baseband processing and/or network synchronization cases.

For inter-cell mTRP case with the current cell phase accuracy requirement of 3us, the reception within a CP cannot be assumed for the FR2-1 cases.

Observation 1: With the current cell phase accuracy requirement of 3us, the reception within a CP cannot be assumed for the inter-cell mTRP scenario in FR2.

For example, for NR inter-band CA within FR2, the maximum receive time difference is 8us. This corresponds roughly a bit less than a full symbol for 120KHz or two symbols for 240KHz numerologies.

Observation 2: For NR inter-band CA within FR2 the maximum receive time difference defined in 38.133 specification is 8us.

Defining the deployment conditions/scenarios can be a first step into this study considering the applicable frequency range. Considering all uncertainties and the non-collocated TRPs scenario, it needs to be checked whether an 8us receive time difference would be sufficient.
At the same time, there were legitimate discussions about UE capabilities in terms of one versus two panels simultaneous Rx/Tx capabilities. We believe that this is valid point, and it shall be part of a UE capability.
Observation 3: The simultaneous Rx/Tx for mTRP inter-cell or intra-cell along with a specific MRTD/MTTD may be part of UE capabilities.
 We believe that maintaining a certain coherence between multi-TRP deployments and CA case would create synergies that would allow an easier UE implementation, and thus we propose to adopt some common deployment scenarios requirements in terms of difference timing limitations.
However, a difference can be made between intra-cell and inter-cell cases. For the inter-cell cases for example, due to L1 mobility it may be beneficial to support an 8us MRTD, which is roughly a symbol. Since the FR2-1 inter-cell phase accuracy is 3us we believe that an 8us would be enough.
The requirement for MTTD (between different TAGs) for NR CA within FR2 is specified in 38.133 subclause 7.5.4, Table 7.5.4-1, as described below:
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.
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Proposal 1: For inter-cell m-TRP with two TAs Maximum Transmit Time Difference limits adopt NR inter-band CA cases as baseline (MTTD within FR1 is 34.6us while within FR2-1 is 8.5us).

 For the intra-cell mTRP case, it is not clear if the inter-cell phase accuracy requirement of 3us, or a MIMO Tx branch specific TAE(time alignment error) requirement would be applicable.

We are reproducing here for convenience the requirements for TAE (timing alignment error) from 38.104, subclause 9.6.3 (OTA case):
“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 260 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3 µs.”
If we look at the above requirements, the one specific to intra-carrier MIMO, that would be applicable is OTA TAE = 65ns or a 260ns for intra-band contiguous CA with or without MIMO.
If we agree that this is what is applicable for intra-cell mTRP case, then within a CP FR2-1 related reception can be assumed.

Observation 4: If TAE for intra-carrier case applicable requirement of 65ns or intra-band contiguous CA with or without MIMO of 260ns, then within CP reception may be feasible as is for intra-cell mTRP case. Still the deployment is very limited to collocated or very close TRPs.

Probably, due to the non-collocated deployment case, this value(s) may have to be validated by RAN4.
Moreover, a single versus two panel UE reception capability must be considered when defining the MRTD for intra-cell case.

Proposal 2: RAN4 to study if MIMO (OTA) requirements for TAE are applicable and which one is valid for intra-cell mTRP MRTD starting point for determination.

Proposal 3:  RAN4 to study if a common intra-cell/inter-cell TAE of 3us between TRPs is acceptable for FR2-1 mTRP.

3. CONCLUSIONS
This contribution discussed the MTTD limits for intra-cell M-TRP operation with two TAs loops. Based on the presented discussion, we made the following observations and proposals:

Observation 1: With the current cell phase accuracy requirement of 3us, the reception within a CP cannot be assumed for the inter-cell mTRP scenario in FR2.
	
Observation 2: For NR inter-band CA within FR2 the maximum receive time difference defined in 38.133 specification is 8us.
Observation 3: The simultaneous Rx/Tx for mTRP inter-cell or intra-cell along with a specific MRTD/MTTD may be part of UE capabilities.
Observation 4: If TAE for intra-carrier case applicable requirement of 65ns or intra-band contiguous CA with or without MIMO of 260ns, then within CP reception may be feasible as is.

Proposal 1: For inter-cell m-TRP with two TAs Maximum Transmit Time Difference limits adopt NR inter-band CA cases as baseline.

Proposal 2: RAN4 to study if MIMO (OTA) requirements for TAE are applicable and which one is valid for intra-cell mTRP MRTD starting point for determination.

Proposal 3:  RAN4 to study if a common intra-cell/inter-cell TAE of 3us between TRPs is acceptable for FR2-1 mTRP.
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