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Introduction
MRTD and MTTD for FR2 Inter-band CA has been discussed in previous RAN4 meetings. The following got agreed in the last meeting [1]
	
Agreement: MRTD for CBM is FFS
· At least 260ns is feasible from UE perspective
· At least 3us MRTD is feasible from network perspective for co-located deployments
· Further study feasibility to support up to 3us MRTD from UE perspective under assumption of co-located deployment in terms of impact on performance (e.g. possible scheduling restrictions) 
· Option 1: complete this work by Rel-16. If not consensus can be reached by RAN4#96e, do not define CBM RRM requirements in Rel-16
· Option 2: continue discussing this in Rel-17. No CBM RRM requirements in Rel-16 are defined.
· If no consensus can be made to define MRTD value for CBM and the study on the feasibility to support up to 3us MRTD by RAN4#96e, no CBM RRM requirements in Rel-16 are defined
Agreement: 8us MRTD is defined for IBM based FR2 inter-band CA




The email discussion during the meeting focused on a couple of other issues; including MTTD for both CBM and IBM UEs [2]. The WF, which only got noted during the meeting, focused on these issues [3].
In this paper, we discuss MRTD for FR2 inter band CA with CBM and MTTD for both CBM and IBM UEs.
Discussion
MRTD and MTTD for FR2 inter-band CA was initially discussed during the Rel.15 timeframe and 8us was agreed. At the time, the only available bands were in 24-28GHz and 40GHz range and the scenario considered when this decision was made was aggregation of a low band (28GHz) with a high band(40GHz). This was the only combination that would have been a feasible candidate for aggregation at the time. In the end, no RF requirements were defined for FR2 inter-band CA, and, as such, not all scenarios were thoroughly considered/analyzed.
The discussion on MRTD and MTTD were re-opened in Rel.16 while several different CA combinations are being considered. Depending on the aggregated bands, RF implementations differ and impose different kinds of restrictions. Based on these considerations, the band combination was classified as “independent beam management-IBM” and “common beam management-CBM”. 
MTTD for IBM
During the last meeting, following two options were considered regarding MTTD for IBM:
	· On MTTD for IBM 
· Option 1: 8.5us
· Option 2: depends on MRTD



The above two options were considered before 8 us got selected as MRTD for IBM UEs. Option 2 was initially considered assuming that the MRTD for IBM UEs might be different from 8 us and that would lead to a different MTTD than 8.5 us. Since, 8 us has already been agreed to be MRTD for IBM UEs, option 1 and 2 are equivalent. So, 8.5 us should be selected as MTTD for IBM UEs. 
Proposal 1: MTTD for FR2 inter band CA with IBM should be 8.5 us.
MRTD for CBM
One of the scenarios that was not considered during Rel.15 MRTD discussion was how to handle CA combinations with CBM. From a UE point of view, this scenario is same as NC-CA for which MRTD is 260ns. 260ns was proposed for a few meetings but it was not agreed because gNB TAE is 3us and such a small MRTD cannot be guaranteed. In order to avoid any performance degradation for such CA scenarios, it is essential that MRTD is kept very low.
If a UE has a common beam across the aggregated bands, a large MRTD will lead to very large performance degradation that will make the deployment of CA infeasible. The UE will not be able to confine the beam switches inside the CP and Rx/Tx discontinuities will appear in the middle of the symbols on some CCs. Furthermore, the UE beam switches are transparent to the network so the network will not be aware of beam switches.
If MRTD of 260ns cannot be guaranteed on the network side, then some mitigation techniques should be discussed to define performance degradation. We now discuss those mitigation techniques 
Observation 1: If 260ns MRTD is not feasible for all scenarios with CBM UEs, then some mitigation techniques for MRTD larger than a threshold (e.g. 260ns) should be discussed.
Mitigation Techniques for MRTD > CP duration in CBM
Let us focus on an FR2 inter band CA with CBM scenario. Different gNB beams reach UE through different paths. As a result, when gNB switches its TX beam, UE has to change its RX beam and reception time to receive signal with the new TX beam. Since UE receives these bands with a common beam, when gNB switches its beam, UE changes the RX beams for all FR2 bands simultaneously. So, UE needs to use one band’s timing as the reference timing and use that to change RX beams for all FR2 bands that it receives with the common beam.   
If RTD among these bands is greater than a threshold (e.g. cyclic prefix), UE will lose a symbol on the other bands in this CA scenario.
Observation 2: In an FR2 inter band CA with CBM scenario, when gNB switches its TCI state, where the new reference signal is not QCLed to the previous reference signal, UE would use one band’s timing as the reference time and use that to simultaneously change RX beams for all bands.
· If RTD among these bands is greater than a threshold (e.g. cyclic prefix), UE loses a symbol in all other bands.
2.2.1.1 Defining the band with reference timing in FR2 inter band CA with CBM
The previous section shows that, during beam switch, UE loses one symbol of all bands that it does not use for its reference timing. gNB and UE should have a common understanding about the band that UE uses for its reference timing. gNB can inform UE about reference band through signalling or this can be defined through spec, e.g. the band containing the PCell/PSCell can be the reference band.
Proposal 2: If MRTD > CP duration is allowed for CBM UEs, gNB and UE should have a common understanding about the reference band, i.e., the band whose time UE uses as a reference time during TCI state switch. This can be done in one of the following two ways:
A. gNB can explicitly inform UE about the reference band or 
B. the reference band can be defined through spec, e.g. the band containing the PCell/PSCell (if PCell/PSCell is in FR2) or the band with the lowest CC index within FR2.
2.2.1.2 Gap Symbol or Scheduling Restriction during Beam Switch
Since UE will lose one symbol in all non-reference bands every time gNB switches beam, RAN4 should define mechanisms that reduces the impact to transmissions. The impact can be mitigated in several ways:
· Inserting guard symbol before in front of every beam switch
· Allowing scheduling restrictions in non-reference bands during beam switch
E.g. UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the symbol and on one data symbol before the symbol where gNB switches its beam.
Proposal 3: If MRTD > CP duration is allowed for CBM UEs, RAN4 allows one of the following two techniques to mitigate impact to non-reference bands during TCI state switch, where the new reference signal is not QCLed to the previous reference signal:
A. Inserting guard symbol before every TCI state switch or
B. Allowing scheduling restrictions in non-reference bands during TCI state switch
a. e.g. UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the symbol and on one symbol before the symbol where gNB switches its TCI state.
The mitigation techniques mentioned in proposal 3 focus on gNB Tx beam switches. But, in NR FR2, UE may have to change its RX beam even if gNB Tx beam remains the same. For example, gNB may configure NZP-CSI-RS-ResourceSet with repetition parameter ON so that UE can train its RX beams. Also, to tackle rotation, UE may have to autonomously change its RX beam and this autonomous RX beam change would be transparent to the network.
Observation 3: UE may have to change its RX beam even if gNB TX beam remains the same, e.g. 1) to tackle rotation or 2) to train its RX beam set while gNB transmits CSI-RS with repetition parameter ON.
Every time UE changes its RX beam, it will lose a symbol in the non-reference bands and some mitigation techniques are needed to tackle this. In scenarios where gNB is aware of UE’s possible RX beam change, e.g., when gNB configures NZP-CSI-RS with repetition ON, the mitigation techniques shown in proposal 3 can be reused.
Proposal 4: If MRTD > CP duration for CBM UEs, RAN4 allows one of the two mitigation techniques shown in proposal 3 while gNB transmits CSI-RS with repetition parameter ON.
But, gNB cannot insert guard symbol or allow scheduling restriction when UE’s RX beam change is transparent to the gNB. During the last meeting, one company mentioned that UE can change its RX beam at any time and it would lose one symbol in non-reference bands any time it changes its RX beam. This issue can be avoided if UE’s autonomous RX beam change is limited within the gap period. Besides, RAN4 can discuss limiting the number of symbol losses in non-reference bands due to autonomous RX beam change to reduce its impact.
Proposal 5: RAN4 can discuss limiting the number of symbol losses in non-reference bands within a specified time due to UE’s autonomous RX beam changes.
Both gNB and UE need to switch beams while switching between DL and UL, as well. Hence, the mitigation techniques mentioned in observation 4 are needed during the transition period between DL and UL. RAN1 also needs to be aware of this. If network has to provide additional guard symbol between DL and UL, some UE specific slot structures that are designed in Rel-15 might be impacted.
Observation 4: The mitigation techniques mentioned in proposal 3 are needed while switching between DL and UL, as well, and this may impact RAN1 spec.
Proposal 6: RAN4 should send a LS to RAN1 and check if RAN1 is OK with MRTD >> CP duration for CBM UEs before approving it.

 Course of Action for Rel-16
We only have one more meeting to define core RRM requirements for CBM UEs in Rel-17. Hence, it will not be possible to complete defining all mitigation techniques in Rel-16 time frame. Hence, MRTD > 260 ns for FR2 inter band CA with CBM should only be discussed in Rel-17.
Observation 5: The discussion regarding MRTD for CBM UEs needs to be completed by RAN4 #96e. Designing all mitigation techniques for MRTD > 260 ns, within RAN4 #96e, is infeasible 
Proposal 7: MRTD for FR2 inter band CA with CBM should be 260ns in Rel-16. Discuss MRTD > 260 ns for CBM UEs in Rel-17.

MTTD for CBM
During the last meeting, following three options were considered regarding MTTD for CBM:
	· On MTTD for CBM 
· Option 1: no requirement specified
· Option 2: 3.5us
· Option 3: depends on MRTD



Rel-15 did not define MTTD for intra-band CA. This is because UE is supposed to operate with only one timing advance group in intra-band CA. The same can be mentioned about inter-band CA with CBM. If MTTD is defined for CBM UEs, then mitigation techniques also need to be introduced when UE switches UL TX beams. 
Observation 6: Rel-15 did not define MTTD for intra-band CA because it assumed that UE uses only one TAG in intra-band CA.
Observation 7: If MTTD is defined for CBM UEs in FR2 inter band CA, then mitigation techniques also need to be introduced when gNB changes UL spatial relationship and UE changes UL TX beams. 
Proposal 8: No MTTD requirement is specified in FR2 inter band CA for CBM UEs. Discuss MTTD = 3.5 us for CBM UEs in Rel-17.

Conclusion
Observation 1: If 260ns MRTD is not feasible for all scenarios, then some mitigation techniques for MRTD larger than a threshold (e.g. 260ns) should be discussed.
Observation 2: In an FR2 inter band CA with CBM scenario, when gNB switches its TCI state, where the new reference signal is not QCLed to the previous reference signal, UE would use one band’s timing as the reference time and use that to simultaneously change RX beams for all bands.
· If RTD among these bands is greater than a threshold (e.g. cyclic prefix), UE loses a symbol in all other bands.
Observation 3: UE may have to change its RX beam even if gNB TX beam remains the same, e.g. 1) to tackle rotation or 2) to train its RX beam set while gNB transmits CSI-RS with repetition parameter ON.
Observation 4: The mitigation techniques mentioned in proposal 3 are needed while switching between DL and UL, as well, and this may impact RAN1 spec.
Observation 5: The discussion regarding MRTD for CBM UEs needs to be completed by RAN4 #96e. Designing all mitigation techniques for MRTD > 260 ns, within RAN4 #96e, is infeasible.
Observation 6: Rel-15 did not define MTTD for intra-band CA because it assumed that UE uses only one TAG in intra-band CA.
Observation 7: If MTTD is defined for CBM UEs in FR2 inter band CA, then mitigation techniques also need to be introduced when gNB changes UL spatial relationship and UE changes UL TX beams. 
Proposal 1: MTTD for FR2 inter band CA with IBM should be 8.5 us.
Proposal 2: If MRTD > CP duration is allowed for CBM UEs, gNB and UE should have a common understanding about the reference band, i.e., the band whose time UE uses as a reference time during TCI state switch. This can be done in one of the following two ways:
A. gNB can explicitly inform UE about the reference band or 
B. the reference band can be defined through spec, e.g. the band containing the PCell/PSCell (if PCell/PSCell is in FR2) or the band with the lowest CC index within FR2.
Proposal 3: If MRTD > CP duration is allowed for CBM UEs, RAN4 allows one of the following two techniques to mitigate impact to non-reference bands during TCI state switch, where the new reference signal is not QCLed to the previous reference signal:
A. Inserting guard symbol before every TCI state switch or
B. Allowing scheduling restrictions in non-reference bands during TCI state switch
E.g. UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on the symbol and on one symbol before the symbol where gNB switches its TCI state.
Proposal 4: If MRTD > CP duration for CBM UEs, RAN4 allows one of the two mitigation techniques shown in proposal 3 while gNB transmits CSI-RS with repetition parameter ON.
Proposal 5: RAN4 can discuss limiting the number of symbol losses in non-reference bands within a specified time due to UE’s autonomous RX beam changes.
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