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1. Introduction
At Rel-17, the WID on NR RF Enhancements for FR2 has been approved in RAN#89e meeting [1]. The RRM aspects regarding this WID has been discussed for a few meetings. In this contribution we provide our further considerations on remaining issues for inter-band DL CA requirements. 
2. Discussion
At RAN4 101 meeting we have the following agreements:

Issue 1-1-1: value of X below which performance degradation is NOT expected 

Issue 1-1-1A: Value of X: 

· Agreements on GTW (Nov. 9):

· X = CP length – UE Rx beam switch time – 2 x DL timing error
Issue 1-1-1C: DL timing error assumption if Option 2 is preferred for 1-1-1A
· Agreements on GTW (Nov.9):
· “DL timing error” is 18ns and 9ns for SSB SCS of 120kHz and 240kHz, respectively
The remaining issues are still open for discussion:
Issue 1-1-1B: Assumed UE Rx beam switch time:
Candidate options: 

· Option 1: UE Rx beam switch time is less than 10ns (Nokia)
· Option 2: UE Rx beam switch time is 58ns (Ericsson)
· Option 3: (UE Rx beam switch time + 2 x DL timing error) is 200ns (Huawei)
· Option 4: UE Rx beam switch time is 200ns (Qualcomm, MTK, LG)
Within the RF session, the beam switch time mainly depend on the phase shifter finite response time which is diverse based on the different implementations. Several analyses is provided in [3] and from [3] we can have the following conclusion:  

The worst-case beam switching time is hence based on the analogue implementation and is estimated as < 100ns.
It is noted that the 100 ns here is the beam switch time for intra-panel. As for CBM, we have agreed that both single-chain and multi-chain should be enabled. For single chain UE, the beam switch between panels should be considered, so in addition to phase shifter response time, the time for activating panel should be considered, e.g., PA ramp up time, so the actual time for beam switch is much larger. For multi-chain UE, considering the behaviour of CBM, i.e., the beam without BMRS have to follow the beam with BMRS, the time delay between RF chains may occur which may relate to the beam management processing time. Hence Considering beam switch between panels and time delay due to CBM behaviour, the beam switch time in the field will much larger than 100ns and we have the following proposal
Proposal 1: For UE Rx beam switch time, suggest to use option 4, i.e., 200ns. 
Issue 1-1-2: performance degradation when receive time difference exceeds [X]us

Candidate options: 

For the performance degradation due to network driven Rx beam switch i.e. TCI state change, the following options can be further discussed: 

· Option 1: Adding a note to the corresponding MRTD table, wherein the note is formulated as:  

· Option 1a: This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.
· Option 1b: This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3, if the UE is configured with different QCL-TypeD sources in consecutive slots.

· [TBD] is ‘the first or the last OFDM symbol, or all OFDM symbols’.
· FFS if UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot

· FFS if an interruption up to 1 symbol is allowed for UE Rx beam switching due to TCI state change or different TCI states are configured nearby OFDM symbols. 

· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 

· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)

· Option 2c: scheduling restriction can happen at any slot (Ericsson)
For the performance degradation due to UE autonomous Rx beam switch, the following options can be further discussed: 

· Option 1: Adding a note to the corresponding MRTD table, wherein the note is formulated as:  

· This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [X] of that SCS, demodulation performance degradation is expected for [TBD] symbol of the slot in the band where beam management reference resource(s) is not configured, where X is defined in Table 7.6.4.3.
· [TBD] is ‘the first or the last OFDM, or any/all symbols in a slot’.
· FFS if UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected within the slot

· FFS if an interruption up to 1 symbol is allowed for UE Rx beam switching due to different TCI states are configured nearby OFDM symbolsOption 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2: MRTD of 3us for inter-band CA in FR2 under CBM with a scheduling restriction. 
· Option 2a: scheduling restriction is of one symbol either immediately before DL -> UL switch, or immediately after UL -> DL switch in the cell. (Ericsson) 

· Option 2b: Introduce the scheduled gaps for UE to switch its beam. Scheduling restrictions on SCell (or both Pcell and Scell) are applied during beam switching gap (Intel, Ericsson)

· Option 2c: scheduling restriction can happen at any slot (Ericsson)
· Option 3: RAN4 to define UE requirement in terms of how often and/or where the performance degradation is allowed due to UE autonomous Rx beam switching, i.e. to choose between the following options to allow UE demodulation performance degradation due to UE autonomous Rx beam switching: 
· Option-3a) the last OFDM symbol of a slot immediately before DL-to-UL switch and the first OFDM symbol of a slot immediately after UL-to-DL switch every [Y]ms, FFS on Y.

· Option-3b) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. 

· Option-3c) demodulation performance degradation is allowed in [Y]% of slots over [Z] ms, FFS on Y and Z. the performance degradation is “the last OFDM symbol of a slot immediately before DL-to-UL switch or the first OFDM symbol of a slot immediately after UL-to-DL switch”

To our understanding, the Rx beam switching is a purely UE implementation issue and it is hard to have it scheduled based without unnecessary limiting UE implementation flexibility. Hence no matter network driven Rx beam switch i.e. TCI state change or UE autonomous Rx beam switch, option 1 is a more reasonable to handle this issue. For network driven Rx beam switch i.e. TCI state change , among different sub options within option 1, we slightly prefer option 1a since the scenario is clear and need not be mentioned again as that of option 1b.  
Proposal 2: For network driven Rx beam switch i.e. TCI state change option 1a is preferred, for UE autonomous Rx beam switch, suggest to use option 1.  
3. Conclusion
In this contribution, we provide our considerations on RRM requirements for FR2 inter-band CA and have the following observations and proposals :
Proposal 1: For UE Rx beam switch time, suggest to use option 4, i.e., 200ns. 
Proposal 2: For network driven Rx beam switch i.e. TCI state change option 1a is preferred, for UE autonomous Rx beam switch, suggest to use option 1.  

References

[1] RP-202107, “New WID on NR RF Enhancements for FR2”, Nokia, Nokia Shanghai Bell
[2] R4-2120284, “WF on RRM requirements for FR2 Inter-band DL CA and UL CA”, Nokia, Nokia Shanghai Bell, RAN4 100e
[3] TR 38.817-02

 6 / 6

