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1 	Introduction
The MRTD requirement for FR2 intra-band NCCA is 3 us, which is longer than the CP length of the OFDM symbol of 60KHz, 120KHz and 240KHz SCS. This may lead to some problem when UE is switching its Rx beam at the slot boundary. A WF [1] was agreed to further resolve this issue. In this paper, we further discuss this issue which will also impact UE’s autonomous Rx beam switch and AGC/LNA gain adjustment.
2 Discussion
Current MRTD requirement of FR2 intra-band NCCA is agreed in Table 7.6.4-1 in TS38.133, as copied below. The requirement is 3us.
	Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	3

	FR2
	3






On the other hand, the OFDM symbol and CP lengths for different SCS is provided in Table 1. For FR2, the CP lengths are 1.17us, 0.59us and 0.295us for SCS 60KHz, 120KHz and 240KHz, respectively.
[bookmark: _Ref528520594]Table 1 OFDM symbol length and CP length for different SCS
	SCS (KHz)
	15
	30
	60
	120
	240

	Symbol duration (us)
	66.66
	33.33
	16.67
	8.33
	4.16

	CP length (us)
	4.96
	2.34
	1.17
	0.59
	0.295



Assume that UE is simultaneously receiving the data from 2 CCs in a FR2 band. UE is indicated with a TCI-state#1 in slot n and TCI-state#2 in slot n+1. After reception in slot n, UE has to switch its Rx beam for the next slot. Now, there is a 3us timing misalignment between this 2 CCs, as illustrated in Figure 1, which takes 60KHz SCS as an example. In this case, UE finds nowhere to switch its Rx beam without impacting the data reception performance.
· If UE switches its Rx beam at the CP duration of CC#2, then the last OFDM symbol of CC#1 will be corrupted. (orange arrow)
· If UE switches its Rx beam at the CP duration of CC#1, then the first OFDM symbol of CC#2 will be corrupted. (purple arrow)
[image: ]
[bookmark: _Ref528521326]Figure 1. Impact of 3us MRTD on UE Rx beam sweeping 

Actually, this unaligned CP for FR2 intra-band CA has impact to UE not only limited to above scenario. There are some more scenarios as listed below:
1. Autonomous Rx beam change. Even without networks indication of TCI-state change, UE may needs to autonomously change its best Rx/TX beam for better data throughput. Figure 2 provides one examples in which the LOS path in Fig. 2(a) is blocked in Fig. 2(b), making UE to switch to another Rx beam for a NLOS path.
[image: ]
[bookmark: _Ref536090717]Figure 2. Scenarios when UE needs to autonomously change its Rx beam
[bookmark: _Ref528522338]
2. AGC/LNA gain tuning. Usually, UE has to utilize CP for AGC/LNA gain re-adjustment in order not to impact the data reception performance. If CP is not aligned for intra-band CCs, UE again can find nowhere to adjust its AGC gain without impact data reception, similar to the issue we face in Figure 1.
[bookmark: _Ref536093667]Observation 1: If the CP of intra-band NCCA in FR2 are not aligned, UE finds nowhere to switch its Rx beam and adjust AGC/LNA gain without impacting the data reception performance.

In agreed WF [1], 2 options are listed.
	· RAN4 to discuss how to deal with the impact of 3us MRTD to UE’s Rx beam sweeping in R4#90 meeting. Possible options are listed below
· Option1: Reduce MRTD requirement from 3 us to X ns
· Option2: Add additional scheduling restriction when TCI-state changes, 
· UE can skip one symbol/slot immediately when UE is changing Rx beam
· It is FFS the time location where UE switches Rx beam 
· Others options are not precluded.



From a UE vendor’s point of view, Option 2 is less preferred because time when UE needs to autonomously switch its Rx beam or adjust AGC/LNA is completely up to UE implementation. The worst case could be that UE needs to utilize the CP at the beginning of every slot for either Rx beam changing or AGC/LNA gain adjustment. Therefore, if we go with Option 2, then it means the scheduling restriction should be allowed on the 1st OFDM symbol of every slots. This is equivalent to directly reduce the through efficiency by 1/14 = 7% of the system. 
[bookmark: _Ref536093669][bookmark: _Ref528522341]Observation 2: Adding additional scheduling restriction is not preferred. It introduces a further 7% throughput degradation in the system. 

[bookmark: _GoBack]As a results, Option 1 is preferred. RAN4 should consider to reduce the MRTD requirement for FR2 intra-band CA such that UE can always assume the CP among all CCs are aligned.
[bookmark: _Ref536093672]Proposal 1: RAN4 should consider to reduce the MRTD requirement for FR2 intra-band CA such that UE can always assume the CP among all CCs are aligned.

3 Summary
In this paper, we discuss the impact of 3us MRTD requirement of FR2 NCCA on UE’s Rx beam sweeping and AGC gain adjustment.
Observation 1: If the CP of intra-band NCCA in FR2 are not aligned, UE finds nowhere to switch its Rx beam and adjust AGC gain without impacting the data reception performance.
Observation 2: Adding additional scheduling restriction is not preferred. It introduces a further 7% throughput degradation in the system.
Proposal 1: RAN4 should consider to reduce the MRTD requirement for FR2 intra-band CA such that UE can always assume the CP among all CCs are aligned.
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