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Introduction
In RAN4#101-e meeting, it has been agreed that performance degradation is not expected for RTD below (CP length – UE Rx beam switch time – 2 x DL timing error). However, the assumed UE Rx beam switch time and how to capture the performance degradation need to be further studied for CBM based FR2 inter-band CA. In this contribution, 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]The assumed UE beam switch time for FR2-2 were discussed in RF session. The majority view is that the UE beam switch time can be assumed as 200ns since FR2-2 design will be similar to FR2-1 implementation and the same UE beam switch time can be assumed. Hence, 200ns UE beam switch time can be assumed for deriving the value of X. In last meeting, it was agreed that DL timing error is 18ns and 9ns for SSB SCS of 120kHz and 240kHz respectively. Consider the DL timing error difference between SCS=120kHz and SCS=240kHz is quite limited and it is suggested to use18ns DL timing error for deriving the value of X. So, the value of X can be defined as (CP length – 218ns).
Proposal 1: For CBM based FR2 inter-band CA, the UE performance degradation can be allowed when receive timing difference between inter-band CCs is below (CP length – 218ns).
The performance degradation due to UE Rx beam switching is allowed for FR2 inter-band CA with CBM when RTD exceeds X. For the performance degradation due to network driven Rx beam switch, the following two options are considered.
	· 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)


Besides the above two option, another option (option 3) is also considered for UE autonomous Rx beam switch.
	· 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”


The operation of UE Rx beam switch usually is related to UE movements and difficult to be predicated. So, it is hardly possible to find a scheduled gap pattern to cover all the occasions of network driven Rx beam switch. For options 2a/3a/3c, UE Rx beam switch is only allowed to be performed before DL-to-UL switch or after UL-to-DL switch, which requires that UE autonomous Rx beam switch only can be implemented before DL-to-UL switch or after UL-to-DL switch and network driven Rx beam switch only can be indicated in the slot before DL-to-UL switch or after UL-to-DL switch. It can be observed that options 2a/3a/3c have limitations on UE implementation or network indication. Data is usually scheduled by slot, and UE Rx beam switching is usually performed around the slot boundary. So, we suggest to use option 1 for clarifying the performance degradation around the slot boundary. For network driven Rx beam switch, it is triggered by TCI state change. So, the performance degradation due to TCI state change can be predicated by network. The TCI states of PDCCH and PDSCH are indicated by different signaling. When different QCL information are indicated for the PDCCH and PDSCH, there may exist that different QCL assumptions are applied PDCCH and PDSCH in the same slot. For this case, additional performance degradation is allowed on this slot.
Proposal 2: For performance degradation when RTD exceed (CP length - UE Rx beam switch time - 2 x DL timing error), it is suggested to add a note to the MRTD requirements for CBM UE, which can be defined as follows.
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	
	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 (CP length – 218ns) of that SCS, demodulation performance degradation is expected for the first or the last symbol of the slot in the band where beam management reference resource(s) is not configured. If UE is scheduled to apply different QCL assumptions within a slot, additional performance degradation is expected within the slot.


Conclusions
This contribution provides the discussion on MRTD requirements for FR2 inter-band DL CA enhancement. The following are provided:
Proposal 1: For CBM based FR2 inter-band CA, the UE performance degradation can be allowed when receive timing difference between inter-band CCs is below (CP length – 218ns).
Proposal 2: For performance degradation when RTD exceed (CP length - UE Rx beam switch time - 2 x DL timing error), it is suggested to add a note to the MRTD requirements for CBM UE, which can be defined as follows.
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	
	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 (CP length – 218ns) of that SCS, demodulation performance degradation is expected for the first or the last symbol of the slot in the band where beam management reference resource(s) is not configured. If UE is scheduled to apply different QCL assumptions within a slot, additional performance degradation is expected within the slot.
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