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1 Introduction
In last meeting, the issue of MRTD requirements for FR2 inter-band CA was discussed without reaching any conclusions. One WF was discussed, but nothing was agreed. In this paper, we keep discussing the MRTD requirements.
2 [bookmark: _Ref23587092]Discussion
As we know, current FR2 inter-band CA can be categorized into 2 requirement sets: with common beam and with independent beam. 

FR2 inter-band CA with common beam
In our understanding, the MRTD requirement for common beam could be very similar to that for FR2 intra-band CA. The main reason, as RAN4 already discussed in Rel-15, is that UE can only switch its Rx beam within CP in order not to disrupt the data reception during OFDM symbols. If the CP of 2 CCs are not overlapped, Figure 1 illustrates what happens: UE cannot find a duration to switch its Rx beam for both cells without causing interruption to data reception. 
[image: ]
[bookmark: _Ref36501598]Figure 1. When UE has to sweep a common Rx beam of 2 CCs, but the CP of the 2 CC are non-overlapped.

[bookmark: _Ref36503315]Observation 1: For FR2 inter-band CA with common beam, the MRTD should be smaller than CP/2 in order to provide UE sufficient to switch the common Rx beam of all CCs.

According above observation, the MRTD requirement for common beam CA should be 260ns to guarantee no interruption to DL reception. If this value is not agreeable to the group, then the interruption to DL reception becomes unavoidable. Moreover, when UE will trigger Rx beam switch is not completely controllable by network. TCI-state switch is one way that network can request UE to switch its Rx beam. In this case, network may know the timing of the interruption. However, there are still cases that UE performs autonomous Rx beam switch based on UE’s own measurement results. For this autonomous Rx beam switch, network does not have the idea on when and how frequent it will be triggered. Furthermore, the interruption is very likely to happen at the beginning of a slot, on which PDCCH is scheduled. If UE cannot decode PDCCH, the following transmission of PDSCH to the same UE becomes useless. 
[bookmark: _Ref36503329]Proposal 1: For FR2 inter-band CA with common beam, the MRTD should be 260ns to avoid unexpected interruption to DL reception. If RAN4 agrees a larger value than 260ns, the unexpected interruption should be addressed in spec.

FR2 inter-band CA with independent beam
In TS38.133, the MRTD requirement of FR2 inter-band CA was specified within Rel-15 timeline, although there were no corresponding band combinations defined in TS38.101-2 yet. The current requirement is 8us. In our understanding, the current value seem a bit over conservative.
	For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
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
	8

	Between FR1 and FR2
	25 






The MRTD requirement is the maximum received timing difference that should be supported by UE. It is contributed by 2 components. One from the timing alignment error (TAE) at BS side, and the other from the difference between the propagation paths of 2 carriers, as illustrated in Figure 2.
[image: ]
[bookmark: _Ref31116412]Figure 2. MRTD = TAE + difference in propagation delay

According to TS38.104, the TAE for inter-band CA shall not exceed 3us.
	[bookmark: _Toc13079643][bookmark: _Toc29811131][bookmark: _Toc29811582]6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.


Taking 3us as the worst case, the remaining margin to tolerance the difference in propagation delay is 
8us – 3us = 5us.
The propagation delay in terms of 5us means 1500m in distance. Some more examples for the mapping between propagation distance and propagation delay are provided in Table 1.
[bookmark: _Ref32527615]Table 1. Mapping between propagation distance and propagation delay
	Difference in propagation delay (us)
	Difference in propagation distance (m)

	1
	300

	2
	600

	3
	900

	4
	1200

	5
	1500



This 1500m is obviously an over design of the system. As we know, typical FR2 cell sizes is around 200m. Allowing this large difference in propagation delay is not going to further provide benefit to the deployment, but only demands extra UE complexity. Therefore, we believe that it is possible to reduce the MRTD so that we can save some UE complexity without scarifying the flexibility in FR2 deployment.
[bookmark: _Ref31118107]Observation 2: According to R15 inter-band CA MRTD and TAE requirements, the max difference in propagation delay is 1500m which is obviously an over design of the FR2 system. It is possible to reduce the MRTD so that we can save some UE complexity without scarifying the flexibility in FR2 deployment.

Of course, some margin is needed when we consider FR2 network deployment. We think the new MRTD could be some value within 4us to 5us, which still provides the deployment flexibility with cell size 300m to 600ms.
[bookmark: _Ref31118110][bookmark: _Ref36503332]Proposal 2: For FR2 inter-band CA with independent beam, the MRTD can be reduced to 4us or 5us without losing the flexibility in deployment.
3 Summary
In this paper, we provide our view on the MRTD requirement for FR2 inter-band CA. We have the following observations and proposal.
Observation 1: For FR2 inter-band CA with common beam, the MRTD should be smaller than CP/2 in order to provide UE sufficient to switch the common Rx beam of all CCs.
Observation 2: According to R15 inter-band CA MRTD and TAE requirements, the max difference in propagation delay is 1500m which is obviously an over design of the FR2 system. It is possible to reduce the MRTD so that we can save some UE complexity without scarifying the flexibility in FR2 deployment.
Proposal 1: For FR2 inter-band CA with common beam, the MRTD should be 260ns to avoid unexpected interruption to DL reception. If RAN4 agrees a larger value than 260ns, the unexpected interruption should be addressed in spec.
Proposal 2: For FR2 inter-band CA with independent beam, the MRTD can be reduced to 4us or 5us without losing the flexibility in deployment.
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