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Introduction
During the RAN4 #98-bis-e meeting the following was noted on the GTW session: 

	· Agreements:
· Candidate options
· Option 1: Do not define any requirements for CBM UEs for FR2 inter-band CA
· Option 2: Introduce UE capability to support MRTD = 260ns and MRTD = 3us (Intel, NEC)
· Option 3: MRTD = 260ns (Vivo, Apple, Intel, OPPO, Xiaomi, Qualcomm, LG, MTK)
· Option 4: MRTD = 3us (NEC, Ericsson, Nokia, Huawei, Docomo, Softbank, AT&T, Verizon, ZTE)
· Other options are not precluded
· Note 1: Decision shall be made in RAN4 #99-e
· Note 2: Companies are encouraged to bring further analysis on achievable MRTD from the  network and UE perspectives and the possible impact on the implementation and performance



This discussion continues since Rel-16 and companies have very strong preferences for either Option 3 or Option 4 listed above. And it is unlikely that having such polarized support any of these options will be agreed.
In this paper we provide our views on possible compromised solution. 
Discussion
Both Option 3 and Option 4 listed above have their disadvantages:
· [bookmark: _Hlk71498846]MRTD = 260ns. 
· Even though the assumption on co-location deployment for CBM was agreed, such tight MRTD requirement may still lead to restrictions in the network deployment and configurations with multiple RRHs implementation – it will be difficult for operators to synchronize between multiple RRHs.
· MRTD = 3us. 
· MRTD larger than CP length will lead to symbol miss in case of CBM – changing beam withing CP in CC1 causes changing beam outside of CP in CC2. The RX beam switching is unpredictable and in the extreme case it can happen after each slot, and assuming that PDCCH is carried in the first symbol, that will lead to severe upper bound of performance degradation.
Below we discuss some possible solutions from both UE and Network sides which were proposed by companies:
UE based solution
Two main proposals on how to avoid 
1. [bookmark: _Hlk71503814][bookmark: _Hlk71507489]Rx beam switch during DL-> UL and UL->DL switching time. The suggestion on using DL->UL switching guard period can not be applied since changing UE RX beam before uplink doesn’t make sense – during the uplink UE Rx chain will be OFF and another phase shifters setup will be required after switching it ON, i.e. during UL->DL switching time. The UL->DL switching time is equal NTA_offset (considering TA = 0) which is 7us for FR2. This period is used for TX->RX switch. Based on [2] TTX2RX = 7us for FR2, so there is no time left for 3us MRTD.

[bookmark: _Hlk71493168]Observation 1: UE cannot use DL->UL switching guard period to resolve MRTD issue since changing UE RX beam before uplink doesn’t make sense. UE also cannot use UL->DL switching period since it is fully occupied by TTX2RX. 

[bookmark: _Hlk71508127][bookmark: _Hlk71483465]However, this UL->DL switching can be used together with a scheduling restriction on the first symbol at the SCell after UL->DL switch to accommodate Rx beam switching for CBM UEs. The benefits of this solution are:
· UL->DL switching point is a reference for network to know where UE will change its Rx beam, so it can apply the scheduling restriction accordingly.
· In general, large MRTD can affect either the first or the last symbol of the SCell slot, depending on which CC comes earlier. Negative receive timing difference (SCell comes earlier) affects the reception of the first SCell DL symbol of the slot after the Rx beam change. Positive receive timing difference (PCell comes earlier) affects the reception of the last SCell DL symbol of the slot before Rx beam change. In case of UL->DL switch usage we don’t have SCell DL symbol before Rx beam change, so only one (first) SCell symbol will be restricted to avoid its loss due to negative receive timing difference.

[bookmark: _Hlk71517874]Observation 2: UE can use UL->DL switching together with a scheduling restriction on the first symbol at the SCell after UL->DL switch to accommodate Rx beam switching for CBM UEs.

2. [bookmark: _Hlk71503842][bookmark: _Hlk71517921]Rx beam switch during SMTC window. Another solution is to allow switching only within SMTC window and apply already existing Rel-16 scheduling restrictions, where the one SCell symbol before and the one SCell symbol after SMTC are restricted. 

Observation 3: UE can use SMTC window together with existing Rel-16 scheduling restrictions to accommodate Rx beam switching for CBM UEs.

[bookmark: _Hlk71507652][bookmark: _Hlk71516696][bookmark: _Hlk71517537]Rx beam switching is implementation specific and, in general, we should assume that UE can switch its Rx beams at any time. Both mentioned solutions are based on liming the periods for Rx beam switching. Limiting implementations by spec is unlikely to be agreed. We prefer to allow the solutions not limiting to them. This can be done through UE capability signaling for MRTD = 3us support. For UEs which support MRTD = 3us the baseline implementation should be chosen, since as we see above mentioned implementations/solutions require different network behavior. Choosing between two mentioned solutions we prefer the first one – minimal SMTC periodicity is 5ms, while UL->DL switch can happen much more frequently providing more opportunities for Rx beam switch at the cost of only one restricted symbol per each UL->DL switch. 
Proposal 1: Introduce UE capability to support MRTD = 3us.
Proposal 2: RAN4 to agree on the baseline implementation which should be considered for CBM UEs which support capability of MRTD = 3us.
 Network based solution
[bookmark: _Hlk71504380][bookmark: _Hlk71518298]Current inter-band TAE of 3us was defined to support non-co-located deployments. The agreed assumption on co-located deployment may allow to use lower TAE values at least for implementations without multiple RRHs which seems not to be the usual case for CA. So, we believe that BS implementations with small TAE are possible. In case if network can support TAE ≤ 260ns CBM inter-band CA can be used without any limitations. 
[bookmark: _Hlk71518837]Observation 4: For the case when network implementation supports TAE ≤ 260ns no scheduling restrictions required irrespective of UE capability for MRTD=3us support.
[bookmark: _Hlk71518566]There is also an option when network avoids using 240kHz SCS and limits only to 120kHz SCS configuration. In this case CP is 570ns and larger MRTD can be considered from the UE perspective. So, in case if network can support corresponding TAE, the restrictions will be only applied for the transmission with SCS 240kHz which is only SSB transmission.
[bookmark: _Hlk71519146]Observation 5: For the case when network implementation supports 260ns < TAE ≤ [570]ns restrictions on SSB transmission should be applied irrespective of UE capability for MRTD=3us support: do not allow 240kHz SCS transmission, otherwise apply scheduling restrictions on one symbol before and one symbol after SSB transmission on SCell. 
[bookmark: _Hlk71519335]In case if only large TAE is supported by network very strict scheduling restrictions should be applied. As we mentioned before, the RX beam switching is unpredictable and in the extreme case it can happen after each slot, and assuming that PDCCH is carried in the first symbol, that will lead to severe upper bound of performance degradation. That means that scheduling restrictions should be applied for each slot. There are different options on which restrictions to apply:
· Restrictions on first and last symbol of each slot of SCell.
· Restrictions on last symbols of each slot of both PCell and SCell. This will allow to keep the first symbol for PDCCH. This requires UE to identify the earliest CC and switch RX beam on its slot boundary.
· Restrictions on first and last symbol of each slot of PCell. No benefits comparing to other options
· Restrictions on first symbols of each slot of both PCell and SCell. No benefits comparing to other options
[bookmark: _Hlk71519460]Observation 6: For the case when network implementation supports X2 ≤ TAE < X3 there are different options on which restrictions to apply:
· Restrictions on first and last symbol of each slot of SCell.
· Restrictions on last symbols of each slot of both PCell and SCell. This will allow to keep the first symbol for PDCCH. This requires UE to identify the earliest CC and switch RX beam on its slot boundary.
· Restrictions on first and last symbol of each slot of PCell. No benefits comparing to other options
· Restrictions on first symbols of each slot of both PCell and SCell. No benefits comparing to other options

Proposal 3: Scheduling restrictions should be applied based on BS implementation for the max TAE support:
· For TAE ≤ 260ns – no scheduling restrictions
· For 260ns < TAE ≤ [570]ns – restrictions on SSB transmission should be applied: no 240kHz SCS or scheduling restrictions on one symbol before and one symbol after SSB transmission on SCell
· For [570]ns < TAE ≤ 3us – restrictions on first and last symbol of each slot of SCell, or restrictions on first symbols of each slot of both PCell and SCell 
 Summary on the scheduling restrictions to be applied for different MRTD/TAE support
In Figure 1 we summarize all the proposals in a block diagram.
	

Figure 1. Block diagram for the scheduling restrictions to be applied for different MRTD/TAE support


Proposal 4: Proposals 1-3 are summarized in Figure 1
 Beam switching time
[bookmark: _Hlk71519058]In general, in order to avoid symbol loss during the UE beam switching the requirement of MRTD ≤ CP is not enough. If whole CP will be occupied by waiting for the lagging CC, there will be no time left for beam switching itself. CP should cover both MRTD and beam switch duration. However, the way on how to take this beam switch duration into account is unclear since 3GPP specification doesn’t have the corresponding requirements. The only reference to beam switch duration can be found in [3] where it is said that the worst-case beam switching time is estimated as < 100ns. The corresponding requirements should be introduced by RF group. The time values in proposals 3-4 should be changed accordingly
Observation 7: CP should cover both MRTD and beam switch duration. 
Proposal 5: RAN4 to force RF group to define requirements on beam switch delay for FR2
[bookmark: _Hlk71518978]Proposal 6: The values 260ns and 570ns in proposals 3-4 should be changed to (290ns-TBeamSwitch) and (570-TBeamSwitch).
Conclusion
In this paper we provide our views on possible solution for FR2 inter-band CA MRTD definition for CBM UEs. The following proposals were made:
Observation 1: UE cannot use DL->UL switching guard period to resolve MRTD issue since changing UE RX beam before uplink doesn’t make sense. UE also cannot use UL->DL switching period since it is fully occupied by TTX2RX. 

Observation 2: UE can use UL->DL switching together with a scheduling restriction on the first symbol at the SCell after UL->DL switch to accommodate Rx beam switching for CBM UEs.

Observation 3: UE can use SMTC window together with existing Rel-16 scheduling restrictions to accommodate Rx beam switching for CBM UEs.

Proposal 1: Introduce UE capability to support MRTD = 3us.

Proposal 2: RAN4 to agree on the baseline implementation which should be considered for CBM UEs which support capability of MRTD = 3us.

Observation 4: For the case when network implementation supports TAE ≤ 260ns no scheduling restrictions required irrespective of UE capability for MRTD=3us support.

Observation 5: For the case when network implementation supports 260ns < TAE ≤ [570]ns restrictions on SSB transmission should be applied irrespective of UE capability for MRTD=3us support: do not allow 240kHz SCS transmission, otherwise apply scheduling restrictions on one symbol before and one symbol after SSB transmission on SCell. 

Observation 6: For the case when network implementation supports [570]ns < TAE ≤ 3us there are different options on which restrictions to apply:
· Restrictions on first and last symbol of each slot of SCell.
· Restrictions on last symbols of each slot of both PCell and SCell. This will allow to keep the first symbol for PDCCH. This requires UE to identify the earliest CC and switch RX beam on its slot boundary.
· Restrictions on first and last symbol of each slot of PCell. No benefits comparing to other options
· Restrictions on first symbols of each slot of both PCell and SCell. No benefits comparing to other options

Proposal 3: Scheduling restrictions should be applied based on BS implementation for the max TAE support:
· For TAE ≤ 260ns – no scheduling restrictions
· For 260ns < TAE ≤ [570]ns – restrictions on SSB transmission should be applied: no 240kHz SCS or scheduling restrictions on one symbol before and one symbol after SSB transmission on SCell
· For [570]ns < TAE ≤ 3us – restrictions on first and last symbol of each slot of SCell, or restrictions on first symbols of each slot of both PCell and SCell 

Proposal 4: Proposals 1-3 are summarized in Figure 1
	

Figure 1. Block diagram for the scheduling restrictions to be applied for different MRTD/TAE support



Observation 7: CP should cover both MRTD and beam switch duration. 

Proposal 5: RAN4 to force RF group to define requirements on beam switch delay for FR2

Proposal 6: The values 260ns and 570ns in proposals 3-4 should be changed to (290ns-TBeamSwitch) and (570-TBeamSwitch).
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