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[bookmark: _Toc116995841]Introduction
In this paper we discuss MRTD aspects related to the multi-RX chain reception in FR2 for Rel-18. We address the open items for discussion related to multi-Rx Receive Time Difference capability in multi-TRP scenarios. Based on analysis and observations and proposals are derived concerning inter-TRP distance requirements considering MRTD to be within Cyclic Prefix (CP) length. 

[bookmark: _Toc116995842]Discussion
	Issue 3-1-1: Whether to consider RTD larger than CP in multi-RX WI
· FFS
· Proposal 1: Do not consider MRTD > CP in this WI until MIMO evo has some conclusion could be considered in the scope of R18 Multi-RX.
· Proposal 2: Define requirements for RTD>CP with optional UE capability for FR2 multi-Rx.
· Requirement enhancement under discussion are also applies to RTD>CP, and specific requirements can be discussed when necessary
· Proposal 2a: For intra cell multi–RX FR2 MRTD > CP, assume MRTD or 8 µs and MTTD or 8.5 µs, for a capable UE.
· Proposal 3: Whether UE should support receive timing difference larger than CP as an optional capability can be part of R19 scope discussion when RAN starts to discuss the R19 RAN4 package.

Issue 3-1-2: Others 
· FFS
· Proposal 1: For mTRP GBBR, UE should select Beam pair RSs that have relative receive time difference not exceeding the UE supported maximum receive time difference
· Proposal 2: There is expected to be impact on beam pair selection due to different MRTD. Detailed analysis should be discussed when RAN4 makes a decision on whether to support MRTD > CP case.  
· Proposal 3: To consider MRTD larger than CP, there are many issues related to standards impact to consider, besides the UE implementation impact:
•    The value of MRTD in the network
•    UE capability
•    Scheduling restriction
•    Support of 4-layer MIMO
•    How can the UE know the actual MRTD in the network?




In the MIMO_evo_DL_UL work item, in RAN1 #109, an LS 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 in Rel-18. In RAN1 #110 bis [4], RAN1 agreed that difference between 2 reference timings can be assumed to be within CP length as baseline, and larger than CP as optional capability.  
	RAN1 #110bis 
Agreement 
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG 
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length  
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length 
· FFS: the maximum Rx timing difference (could be up to RAN4) 
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected 




In order to consider a baseline for MRTD requirements for simultaneous reception, inter-TRP distance has to be restricted to ensure that MRTD is less than or equal to Cyclic Prefix length.
In a scenario of multi-TRP where TRPs are not collocated, the time of signals from different TRPs could arrive at a delay separation of larger than CP.  
If multi-Rx UEs are requiring a small MRTD value that would mean that network operators would be restricted to enabling that feature only on areas where TRP placement and time synchronization among TRPs allow for that. Considering this deployment implication, the effect of having a small MRTD requirement is that the usability of the feature will be limited in practice. 
[image: ]
Figure 1: Intra-Cell multi-TRP scenario 
In existing RAN4 requirements, the assumptions for determining MRTD requirements consider that the RTD time is composed by the TAE at transmitters combined with the difference in propagation delay from two TRPs (∆Tprop).
[bookmark: _Toc131505156][bookmark: _Toc142552274]To support more flexible deployments of multi-TRPs, a multi-RX UE could support a larger ∆Tprop, thereby relaxing the “MRTD strictly within CP” requirement. 
[bookmark: _Toc131505157][bookmark: _Toc142552275]Being able to handle MRTD equal to CP is important for deployments of distributed multi-TRPs in mobility scenarios. 
[bookmark: _Toc142552276]Multi-Rx UEs should be capable of tracking time from the RS of both TRPs, and hence they should be capable of adjusting the timing of the FFT window independently per TRP.  
[bookmark: _Toc142552277]Most of the MRTD requirements are currently specified for carrier aggregation and dual connectivity scenarios. and they relate the timing differences that the UE must support to be able to receive from two component carriers, or two cells. 
[bookmark: _Toc142552278][bookmark: _Toc142552279]If the MRTD is smaller than the maximum propagation delay difference the UE may experience in a cell there is no way for the network to determine if MRTD is exceeded or not. 
[bookmark: _Toc131505161][bookmark: _Toc142552280]It will be very difficult for live network deployments with distributed, and non-collocated TRPs to guarantee a maximum inter-TRP signal propagation distance if small MRTD is defined for multi-Rx.
As part of response to an LS [5][6] sent in RAN1#109, RAN4 identified two use cases: Ones in which RTD is within CP, and ones in which RTD is above CP. The agreements in this context from WF [7] is as below.
	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. 



[bookmark: _Toc142552281]RAN4 should define requirements for RTD>CP for UEs capable of handling MRTD>CP.
[bookmark: _Toc116995848]Conclusion
In this paper, analysis of inter-TRP distance requirements to support MRTD greater than CP in case of multi-Rx, multi-TRP scenarios was done. The following Observations and Proposals are made: 
Observation 1: To support more flexible deployments of multi-TRPs, a multi-RX UE could support a larger ∆Tprop, thereby relaxing the “MRTD strictly within CP” requirement.
Observation 2: Being able to handle MRTD equal to CP is important for deployments of distributed multi-TRPs in mobility scenarios.
Observation 3: Multi-Rx UEs should be capable of tracking time from the RS of both TRPs, and hence they should be capable of adjusting the timing of the FFT window independently per TRP.
Most of the MRTD requirements are currently specified for carrier aggregation and dual connectivity scenarios. and they relate the timing differences that the UE must support to be able to receive from two component carriers, or two cells.
Observation 4: If the MRTD is smaller than the maximum propagation delay difference the UE may experience in a cell there is no way for the network to determine if MRTD is exceeded or not.
Observation 5: It will be very difficult for live network deployments with distributed, and non-collocated TRPs to guarantee a maximum inter-TRP signal propagation distance if small MRTD is defined for multi-Rx.
Proposal 1: RAN4 should define requirements for RTD>CP for UEs capable of handling MRTD>CP.
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