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In R1-2205593, RAN1 sent a LS to RAN4. Following is the content from RAN1. 

In Rel-18 discussions on MIMO Evolution for Downlink and Uplink, RAN1 has agreed to support multi-DCI multi-TRP operation with two timing advances (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 contribution, we provide our views on the MTTD for multi-DCI multi-TRP operation.

Discussion
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Figure 1: Single and Multi DCI illustration

Figure 1 shows basic difference between single DCI and multi-DCI operations. 
In general, maximum transmit timing difference (MTTD) in uplink depends on the maximum receive timing difference (MRTD) allowed in the DL. When UE is simultaneously receiving data from multiple transmitters (e.g., TRPs), UE decoding capability depends on the UE architecture and capability assumptions. One important UE capability assumption for deriving MRTD is number of FFT supported at UE. If UE has single FFT, transmissions from different TRPs should arrive with in CP.  If UE can support separate FFT, then larger separation could be allowed between the receptions from two TRPs. This brings us to the next question. If UE is capable of multiple FFT, what is the maximum MRTD and MTTD supported by the UE.    
In our understanding following two factors that have impact on the MRTD (and thereby MTTD). 
1- Time alignment error (TAE) between TRP 
2- Maximum propagation delay supported by UE between the two TRPs
In legacy release, above two components are agreed based on the complexity constraints for gNB and UE. 
Maximum TAE values are defined considering the maximum TAE that can be achieved considering all the practical deployment considerations. 
From TS 38.104, legacy TAE values supported for different scenarios is agreed as 
•	If both the TRP are co-located then the TAE = 65 ns for MIMO (at BS TX frame start) 
•	In existing specification TAE = 130 – 260 ns for intra band contiguous CA and only co-located sites are assumed. The stricter requirement is for FR2.
•	In existing specification TAE = 260 ns to 3 µs for intra band non-contiguous CA and only co-located sites are assumed. The stricter requirement is for FR2.
•	We are at TAE = 3 µs at BS TX frame start for inter band CA and inter-band DC. 
As per our understanding other component maximum propagation delay difference supported at UE is agreed considering the UE implementation and hardware complexity such as buffer size at UE (UE is not expected to have infinite buffer and hence based on the buffer size, maximum propagation delay difference supported is agreed in legacy releases).
In the existing specifications, RAN4 defined MRTD and MTTD requirements for many scenarios. The question is whether we could reuse any of those existing values defined or shall we define a new set of values for this feature. In the last meeting different companies had different understanding on this and the following is agreed as WF.
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).
· 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.

Our understanding is current requirements are only applicable for CA and DC scenarios and not MIMO.
Proposal 1:  Existing RAN4 requirements for MRTD/MTTD are specified for CA/DC and not MIMO. 
MRTD and MTTD requirements for MIMO:
For further discussion RAN4 agreed following two scenarios to be discussed.
-	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).

Currently RAN4 did not define MRTD/MTTD requirement since signals from different TRP are assumed to be arriving within a CP. To define MRTD/MTTD, we think we should understand and agree on the deployment scenario of multi TRP with multi-DCI and multi-TA and how to manage interference from MIMO streams separated by more than CP, arriving at UE RX.
As per our understanding, multi TRP multi-DCI and multi-TA framework (for both intra-cell or inter-cell) is typically used when the TRP are not co-located. Considering this, distance between TRP may be anywhere between few meters to few kilo meters. In the existing specification, the inter-band CA deployment scenario considers both collocated and non-collocated deployment scenario and the distance of separation between two CC can be as high as few kms. 
Our understanding is the distance between the intra-cell or inter-cell multi TRP can be same as the CA scenarios from the legacy release, if inter MIMO stream interference can be managed by UE antenna arrangement, the spatial channel and UE RX interference cancellation.
Proposal 2:  Inter-band CA deployment scenario to be agreed as deployment scenario for multi-TRP with multi-DCI and multi-TA case too.
If the deployment scenario of multi-TRP can be agreed to be same as inter-band CA scenarios, MRTD and MTTD values for inter-band CA can be reused. That means the TAE value of inter-band CA scenario can be reused as the TAE value for inter-cell multi-TRP. 
Proposal 3:  TAE value for inter-band CA to be reused for intra-cell and inter-cell multi-TRP.
Proposal 4:  MRTD and MTTD values for inter-band CA to be reused for intra and inter-cell multi-TRP.

Reply to RAN1

If the above proposals are agreed, we can respond to RAN1 with the respective values.

Proposal 5:  If the proposal 3 and 4 are agreeable, RAN4 to send LS response indicating the same to RAN1. 

Summary and Conclusion
In this contribution we have analysed MTTD for multi-DCI multi-TRP operation and made following proposals. 

Proposal 1:  Existing RAN4 requirements for MRTD/MTTD are specified for CA/DC and not MIMO. 
Proposal 2:   Inter-band CA deployment scenario to be agreed as deployment scenario for multi-TRP with multi-DCI and multi-TA case too.
Proposal 3:        TAE value for inter-band CA to be reused for intra-cell and inter-cell multi-TRP.
Proposal 4:  MRTD and MTTD values for inter-band CA to be reused for intra and inter-cell multi-TRP.
Proposal 5:  If the proposal 3 and 4 are agreeable, RAN4 to send LS response indicating the same to RAN1. 
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