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Introduction
Based on the agreements and open issues in [1], we provide further discussion on MRTD requirements for FR2 inter-band DL CA with CBM.
Discussion
[bookmark: OLE_LINK6][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]In RAN4#99-e meeting, the following agreements have been achieved on MRTD for FR2 inter-band CA with CBM.
	· Agreements (in GTW)
· Candidate options
· Option 1: MRTD shall not be larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and the max SCS is 120kHz
· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a note to stating if the MRTD exceed [TBD us or CP or CP/2] a performance degradation is expected for the first N symbols of the slot
· N is FFS
· FFS if degradation applies to each slot
· Example requirement:
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3 note2

	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 [the cyclic prefix length of that SCS], demodulation performance degradation is expected for the first N symbols of the slot.



· Option 3: Introduce UE capability to support MRTD = [260ns] and/or MRTD = [3us]
· Further study the candidate options and investigate at least the following open issues
· Impact of UE RX beam switching and AGC periodicity restrictions on the performance
· Candidate RRM requirements and performance impacts for the case of MRTD larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and below 3us


RAN4 agreed to define MRTD requirements for CBM UE based on co-located deployment scenarios. The relative receiving timing difference between two CCs at UE side includes the BS TAE and the propagation delay difference between two CCs. For co-located deployment, the propagation delay difference between two CCs can be assumed as 0, and the relative receiving timing difference between two CCs at UE side is determined by the transmit timing difference between two CCs at BS side. The value of MRTD shall be equal to BS TAE. In TS38.104, the existing BS TAE requirement for FR2 inter-band CA has been defined as 3us since R15. Both the CBM UE with <CP MRTD in option 1 and the CBM UE with 260ns MRTD in option 3 are not compatible with the current network devices designed based on 3us BS TAE, and both two types of CBM UE require the network to tighten the BS TAE requirement for FR2 inter-band CA, which would cause the issues on base station cost and applicable scenarios. Hence, 3us MRTD is defined for FR2 inter-band CA with CBM UE.
Proposal 1: It is suggested that the MRTD requirement for FR2 inter-band CA with CBM UE is defined as 3us.
· Performance impact due to Rx beam switching for CBM UE
CBM UE is assumed to use common beam management and perform beam switching simultaneously on all the CCs in the configured bands. When the relative receive timing difference is no longer than CP length, UE is assumed to perform Rx beam switching within CP and there is no performance impact. When the relative receive timing difference is longer than CP length, there might have performance impact due to UE Rx beam switching. In FR2, UE will not perform Rx beam switching on every slot. RAN4 need to identify the scenario where Rx beam switching is needed and investigate the potential performance impact for each scenario.UE may need to perform Rx beam switching on serving CC(s) for the following cases
· L3 measurements without gap
· L1 measurements, including RLM, BFD, CBD and L1-RSRP measurements
· Active TCI state switching
· UE autonomous Rx beam switching
In FR2, UE performs L3 measurements on SSB resources within SMTC window and performs L1 measurements on the configured SSB or CSI-RS resources. The Rx beams used to receive SSB/CSI-RS reception may be different with that used for PDSCH/PDCCH reception, and the UE may need to perform Rx beam switching before and after the SSB/CSI-RS symbols. Hence, for L1/L3 measurements in FR2, the scheduling restriction requirements are applied on the corresponding SSB or CSI-RS symbols. RAN4 agreed to introduce the corresponding scheduling restriction requirements for CBM UE in FR2 inter-band CA scenarios. 
[image: ]
Figure 1: Examples of scheduling restrictions on SSB resources for FR2 inter-band CA with CBM
As shown in Figure 1, when UE needs to perform measurements on SSB resource in Band1, the scheduling restrictions shall apply on the symbols in Band2 that are overlapped with SSB symbols in Band1. Then, the Rx beam switching due to L1/L3 measurements can be performed on the restricted symbols without performance impacts.
Observation 1: UE Rx beam switching due to L1/L3 measurements can be performed on the scheduling restricted symbols without performance degradation.
When the network indicates the active TCI state change, UE need to complete TCI state switching within the delay requirements. The corresponding Rx beam might also need to be changed, and the Rx beam switching need to be performed within the defined TCI state switch delay. For RRC based TCI state switch, UE is not required to receive PDCCH/PDSCH/CSI-RS or transmit PUCCH/PUSCH within the switching delay. So, there will be no performance impact due to Rx beam switching. For MAC-CE based TCI state switch, the switching delay will be longer than (THARQ +3ms), where the value of THARQ is defined as the time for a PUCCH transmission with HARQ-ACK information for the PDSCH reception. At least one UL-DL switching period is included within the switching delay. UE could perform Rx beam switching within the UL-DL switching period, which will not cause performance degradation. For DCI-based TCI state switch, the switching delay is defined as timeDurationForQCL, which is indicated as {0.5slot, 1slot, 2slot}, .If the switching delay does not include the UL-DL switching period or the non-scheduled symbols, then up to 1 symbol interruption can be allowed for DCI-based TCI state switch.
Proposal 2: It is suggested that an interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change.
Except the above mentioned cases, UE also could perform autonomous Rx beam switching based on BM measurements. When to perform autonomous Rx beam switching is up to UE decision. UE could perform Rx beam switching within UL-DL switching period or the non-scheduled symbols without causing performance degradation.
Observation 2: UE autonomous RX beam switching can be performed on non-scheduled symbols or associated with UL-DL switching period without causing performance degradation.
Although UE Rx beam switching may occur on any slot, UE Rx beam switching is not very frequently and the CBM UE does not need to perform Rx beam switching on every slot. So, Rx beam switching will have a limited impact on the performance.
Observation 3: CBM UE can perform RX beam switching without major performance degradation even if MRTD is larger than CP length.
In RAN4, it is assumed that UE has separate RF chains for each bands since Rel-15, which is also . With the assumption of separate RF chains for inter-band CA, the UE perform independent AGC settling on each band. There is no inter-band interruptions due to UE performing AGC settling for one band. So, there is no performance impact due to AGC settling for CBM UE.
Observation 4: With the assumption of separate RF chains for inter-band CA since Rel-15, there is no performance degradation due to AGC settling for FR2 inter-band CA with CBM.

Conclusions
This contribution provides the discussion on FR2 inter-band DL CA enhancement. The following are provided:
[bookmark: OLE_LINK168][bookmark: OLE_LINK176]Proposal 1: It is suggested that the MRTD requirement for FR2 inter-band CA with CBM UE is defined as 3us.
Observation 1: UE Rx beam switching due to L1/L3 measurements can be performed on the scheduling restricted symbols without performance degradation.
Proposal 2: It is suggested that an interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change.
Observation 2: UE autonomous RX beam switching can be performed on non-scheduled symbols or associated with UL-DL switching period without causing performance degradation.
Observation 3: CBM UE can perform RX beam switching without major performance degradation even if MRTD is larger than CP length.
[bookmark: _GoBack]Observation 4: With the assumption of separate RF chains for inter-band CA since Rel-15, there is no performance degradation due to AGC settling for FR2 inter-band CA with CBM.
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