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Introduction 
RAN plenary has agreed WI for Further enhancements of NR RF requirements for frequency range 2 (FR2) [1]. Initial discussions started in RAN4#97e meeting and continued the discussion in previous meetings where some agreements were reached. In last RAN4#100e meeting further discussions were carried out in RRM with agreed WFs in [19] as outcome. In this paper we continue the discussion related to RRM for this WI, mainly focus on FR2 inter-band DL CA MRTD related requirements for CBM capable UE.
Discussion
In Rel-16 RAN4 defined UE requirements for inter-band CA in FR2 for UEs supporting independent beam management (IBM). The requirements were developed in a generic manner without limiting the requirements to co-located deployments or not co-located deployments. Inter-band CA requirements for CBM capable UE was not developed in Rel-16. For Rel-17 RAN4 is to develop RRM inter-band CA requirements for CBM capable UE for DL and UL CA for an IBM capable UE. In this paper, we will discuss the MRTD requirements for CBM capable UE in FR2 inter-band DL CA based on discussion and outcome in previous meetings.

MRTD for FR2 inter-band DL CA for CBM capable UE
In last RAN4 meetings, we have discussed the MRTD requirements for FR2 inter-band DL CA for CBM capable UE based on the agreed deployment scenarios assumption for CBM in RAN4#98e-bis and agreements for MRTD for CBM in RAN4#99e, agreements for MRTD for CBM capable UE in RAN4#100e meeting were captured in the WF [4] as below: 
	· MRTD for inter-band CA in FR2 under CBM is 3us
· For the receive time difference below X us no performance degradation is expected
· For the receive time difference equal or higher than X us a performance degradation is allowed
· Degradation of UE demodulation and [RRM] performance is allowed.
· Note: companies are encouraged to bring more analysis on Demodulation and RRM performance impacts. 
· FFS on the performance degradation including affected symbols, slots
· FFS on solutions to reduce performance degradation and whether and how to introduce restrictions for UE Rx beam change
· Option 1: Use network scheduled/controlled instances for UE Rx beam change
· Other options not precluded
· X is FFS
· Option 1: CP
· Option 2: CP/2
· Option 3: CP length – UE Rx beam switch time – 2 x DL timing error
· Option 4: CP length – UE Rx beam switch time
· Other options not excluded




UE may need to perform Rx beam switching on serving CC(s) according to network controlled beam management or UE autonomous Rx beam switch. For network-controlled Rx beam switch, it could be happened during Tx-Rx switch in TDD, which will not cause performance degradation. For the case when UE performs Rx beam switch autonomously, the UE Rx beam switch can be performed safely within the DL2UL guard period if properly performed as analyzed. Hence, it seems feasible in good UE implementation to avoid impact from Rx switching in these cases, and RAN4 should evaluate the feasibility. With these evaluations, in last meeting, RAN4 agreed 3us for MRTD requirements for inter-band FR2 CA with CBM capable UE, and leave below two open issues need to be further discussed:
· The threshold X us
· Performance degradation impact due to receive time difference equal or higher than the threshold X us
The threshold X us
The threshold X is the bound for UE receive time difference to distinguish whether performance degradation is expected. If receive time difference is below than the threshold X, there will be no performance degradation.
For a CBM capable UE, the assumption is co-located deployment for inter-band CA. However, since the deployment is up to network configuration and a matter of physically locating the antennas, no matter how the network deploys the cells in co-located or non-co-located, the deployment should ensure that the cells can be observed as QCL’ed by the UE. The network will then configure the UE such that it will regard the cells as QCL Type-D (same source). Hence, the distance between inter-band cells will not be too large. Based on this we can ignore any impact caused by propagation delay, hence, this is assuming that the DL pathloss delay difference between the CCs in the two bands is insignificant.
A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management. It means from UE point of view, inter-band FR2 DL CA with CBM capable UE is very similar as intra-band FR2 DL CA. However, in inter-band CA with CBM, UE may perform Rx beam switch like showed in the figure 1. From the Figure 1, we can see, if UE receive time difference + Rx beam switch are within CP length, it will have no impact on the performance. We would propose the threshold for the performance degradation could be [CP length – Rx beam switch time]. 
[image: ]
Figure 1: Rx beam switch in inter-band FR2 CA with CBM.
The threshold X for UE receive time difference should be [CP length - UE Rx beam switch time].
Currently, UE Rx beam switch time is not defined yet, companies have different assumption for Rx beam switch time. From our view, if the panel is active, Rx beam switch will be performed in very short time, it would be below 10 ns.
Performance degradation impact due to receive time difference equal or higher than the threshold X us
We understand that when UE perform autonomous Rx beam switch is up to UE’s implementation, we would need to consider the performance impact by Rx beam switch in the case of UE receive time difference larger than the threshold X us. 
In last meeting, some companies raised the worst case that UE may perform Rx beam switch in every symbol or every slot, however, we do not think beam switch is likely to will happen at every slot. We agree that the Rx beam switch may happen at any slot, but we do not expect that it will happen at every slot. When the Rx beam switch happens in a slot, performance degradation is expected for the first symbol of the slot if the receive time difference exceeds the threshold X us. The threshold X is discussed above, and it will be [CP length - UE Rx beam switch time]. 
In last meeting it was discussed whether to define the potential performance impact from the UE Rx beam switching if the UE experienced RTD is larger than X. We think such discussion would be helpful but initially RAN4 would need to get a common understanding on the typical UE Rx beam switch frequency. Hence, how often would we expect a UE beam switch to happen.
However, while such discussion continues, RAN4 can continue capturing the requirements for the conditions when the UE experienced RTD is below X.
In last RAN4 meeting, it was FFS on the solution to reduce performance degradation and whether and how to introduce restrictions for UE Rx beam change. One option is using network scheduled/controlled instances for UE Rx beam change. However, the UE autonomous Rx beam change is up to UE’s implementation and will be UE implementation specific. Similar to the performance impact it may need long time to discuss and agree any common UE RX switching assumptions which can be used by the network scheduling for such Rx beam switching instances. 
Considering the time schedule for the RRM core requirements for this WI, RAN4 can continue to discuss the detail performance degradation impact and solution until Mar 2022. Same time RAN4 also need to focus on defining the general RRM requirements. 
Clarify the performance degradation impact for MRTD of 3us for inter-band CA in FR2 under CBM with a note stating ‘This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.’ 
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.



This proposal is captured in the draft CR [6].

Conclusion
In RAN4#101e meeting the discussions related to FR2 inter-band CA UE requirements continued. In this paper we continued the discussion related to MRTD requirements for this WI. We addressed the open items listed in the agreed WF related to MRTD requirements. 
1. The threshold X for UE receive time difference should be [CP length - UE Rx beam switch time].
1. Clarify the performance degradation impact for MRTD of 3us for inter-band CA in FR2 under CBM with a note stating ‘This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.’
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.
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