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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 assumed architecture for relaxed MRTD requirements greater than CP length, and related UE capability requirements.

Discussion
[bookmark: _Toc116995848]Receive timing difference
Based on the outcome of the last RAN4#104-bis meeting, the following aspects remained open regarding timing requirements [8]: 
	Issue 1-3-1: Receive timing difference
· Proposals
· Option 1 (Apple, Xiaomi, Qualcomm, Intel, MTK, LGE, OPPO, Ericsson): The receive timing difference between different directions is within CP in R18.
· Option 1b (Qualcomm, Apple): Receive time difference for configured different QCL Type D RSs is not larger than CP. FFS whether and how much additional margin within the CP length is needed.
· Option 2 (vivo, Huawei, Samsung, CMCC, ZTE): The receive timing difference between different directions is within CP at least. FFS whether to define requirements with timing difference larger than CP.
· Option 3 (Nokia): Consider receive time differences larger than CP.
· The multi-RX UE can support independent time and frequency tracking for each Rx chain.
· Option 4 (Tentative agreement in GTW): The receive timing difference considered for data reception and L1 measurements between different directions (2AOAs) is within CP
· Receive time differences between any configured different QCL Type D RSs is not larger than CP.
· FFS whether to define requirements with timing difference larger than CP.




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 [6], 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
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Figure 2: Intra-Cell multi-TRP scenario
[bookmark: _Toc118729489]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. 
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). The DL frames from different TRPs arrive at different times at the UE, and the frame alignment error determines reliability of link performance. For MIMO and/or contiguous CA use cases, depending on RF functions that could be shared at the transmitters, there will be stricter TAE requirements, due to strict timing dependencies. 
The MRTD impact have direct impact on the deployment. 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. 
[bookmark: _Toc127436986]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: _Toc127436987]Being able to handle MRTD beyond CP is important for deployments of distributed multi-TRPs in mobility scenarios.
In the General Aspects paper, we made a proposal that multi-Rx UEs must have independent time tracking per Rx chain and must support Independent Beam Management on different Rx chains to support multi-TRP scenarios and RRM measurement enhancements [3], [4],[5],[11],[12],[13]. We understand that once supporting independent beam management, the UEs should be tracking time from the RS from both TRPs, and hence it should be capable of adjusting the timing of the FFT window independently per TRP. 
[bookmark: _Toc127436988]Multi-Rx UEs are expected to have Independent Beam Management (IBM) capability to support multi-TRP scenarios and RRM measurement enhancements.
In MIMO_evo_DL_UL, RAN1 has agreed that propagation delay difference larger than CP can be supported as optional UE capability. RAN4 discussed this topic and in RAN4 #104bis, the following has been agreed in the WF[17]: 
	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.




Since there is the previous agreement on a UE capability for supporting RTD>CP, we understand that it makes sense to reuse that capability for the context of multi-Rx. 
[bookmark: _Toc118729490][bookmark: _Toc127436989]For multi-RX, multi-TRP operation, consider propagation delay difference is within CP as baseline, and consider propagation delay difference larger than CP is supported as optional UE capability.
[bookmark: _Toc127436990]For multi-Rx UE not supporting RTD>CP, consider MRTD=CP. 
[bookmark: _Toc127436938][bookmark: _Toc127436959][bookmark: _Toc127436991]For multi-Rx UEs supporting RTD>CP, consider MRTD=8 us.
[bookmark: _Toc116995849]Conclusion
In this paper, analysis of requirements to support MRTD larger 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 beyond CP is important for deployments of distributed multi-TRPs in mobility scenarios.
Observation 3: Multi-Rx UEs are expected to have Independent Beam Management (IBM) capability to support multi-TRP scenarios and RRM measurement enhancements.
Proposal 1: For multi-RX, multi-TRP operation, consider propagation delay difference is within CP as baseline, and consider propagation delay difference larger than CP is supported as optional UE capability.
Proposal 2: For multi-Rx UE not supporting RTD>CP, consider MRTD=CP.
Proposal 3: For multi Rx UEs supporting RTD>CP, consider MRTD=8 us.
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