[bookmark: Title][bookmark: DocumentFor][bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting # 100-e	R4-2112702
Electronic Meeting, August 16-27, 2021
Agenda Item:	9.4.6.1.1
Source: 		Qualcomm Incorporated
Title: 			MRTD requirements for CBM based Inter-band DL CA
Document for:	Discussion
1.	Introduction
In this contribution, we provide our views on MRTD for CBM FR2 Inter-band CA.
2. 	Discussion
Figure 1 depicts timing relation between beam switching and FFT window to avoid ISI/ICI when UE receives signals passed through multipath channel from cell 1 and cell 2 in different frequency bands. It was assumed the UE is configured with reference signals for time/frequency tracking, e.g. TRS, on each carrier, thereby allowing UE to perform FFT at separate time instances on different carriers. Here, Tbeam represents a required time for UE to switch Rx beam from one to another. In the example diagram, we assumed UE switches the Rx beam every OFDM symbol.
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Figure 1. A timeline diagram of FR2 inter-band CA for CBM UE

As can be seen from Figure 1, in order to avoid ISI/ICI due to Rx beam switch and timing offset between carriers, Toffset, MRTD shall not be larger than “Tcp – Tbeam” when UE timing estimation is perfect. In practice, UE timing estimation error should be accounted for in MRTD as well. We believe the timing estimation error can be assumed as 2 samples in 100MHz BW in a reasonably good SNR regime when TRSs are configured on both inter-bands.
Based on the observation above, MRTD of FR2 CBM based inter-b]and CA can be derived as Table 1. Note that SCS 240kHz is only for SSB.
Table 1. MRTD of FR2 inter-band CA for CBM UE
	SCS [kHz]
	for SSB
	for non-SSB
	Tcp, CP length (144 samples) [ns]
	Tbeam, Beam switch time [ns]
	Terror, DL timing error [ns]
	MRTD [ns]
(Tcp – Tbeam – 2Terror)

	60
	X
	O
	-
	-
	-
	-

	120
	O
	O
	585
	[200]
	16.2
	350

	240
	O
	X
	-
	-
	-
	-



Proposal 1: For CBM UEs in FR2 inter-band CA, MRTD shall not be larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and the max SCS is 120kHz. For instance, assuming 200ns for UE Rx beam switch time and 16.2ns for DL timing error, MRTD shall not be larger than 350ns.

However, if MRTD for CBM based FR2 inter-band CA doesn’t satisfy the condition in Proposal 1, received signals will get distorted due to ISI and ICI. For instance, when SCell slots arrive at UE MRTD earlier than PCell slots, the first OFDM symbol of the SCell slot gets interrupted as shown in Figure 2 due to UE Rx beam switching. Note that UE Rx beam switching time was assumed to follow PCell slot boundary as an example. Considering the first OFDM symbol of slot is typically used for PDCCH and/or front-loaded PDSCH-DMRS transmission, the impact of one OFDM symbol interruption will likely result in a significant performance loss. And we can expect a similar performance loss due to ISI and ICI when SCell slots arrive at UE MRTD later than PCell slots as shown in Figure 3.
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Figure 2. A timeline diagram of FR2 inter-band CA for CBM UE when a slot boundary of anchor carrier is MRTD ahead of that of non-anchor carrier
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Figure 3. A timeline diagram of FR2 inter-band CA for CBM UE when a slot boundary of anchor carrier is MRTD behind that of non-anchor carrier

Observation 1: When signals from non-anchor carrier, e.g. SCell, arrives at UE 3usec of MRTD earlier than anchor-carrier’s, e.g. PCell, 31% of the first OFDM symbol (excluding CP) in a slot may not be received by the UE. Due to the ISI and ICI, UE may not be able to decode PDCCH.
Observation 2: When signals from non-anchor carrier, e.g. SCell, arrives at UE 3usec of MRTD later than anchor-carrier’s, e.g. PCell, 29% of the last OFDM symbol (excluding CP) in a slot may not be received by the UE. Due to the ISI and ICI, UE may not be able to decode segmented code block(s) mapped to the last OFDM symbol.

However, MRTD less than CP length or 350us may not be always possible for the already commercialized/deployed network equipment as infra vendors argued. If, despite the potential performance losses due to MRTD larger than CP length, companies still see a strong demand for CMB based Inter-band FR2 CA, the potential performance impact shall be mentioned in the spec. For the detailed performance impacts, it is almost impossible to precisely measure because it is up to UE implementation and many different parameters/attributes. Therefore, RAN4 should leave it to Network and UE implementation to figure out how to cope with the performance impacts instead of trying to spell out how much it can be allowed and what are expected UE behaviour in the spec.
Proposal 2: If MRTD for CBM inter-band CA can be up to the current OTA (3us), RAN4 should add the following note to the corresponding MRTD table. And when UE switches Rx beam shall be left to UE implementation and the allowed/expected performance loss due to Rx beam switch across inter-bands doesn’t have to be specified.
· If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the first and the last OFDM symbols of slot in a band where beam management reference resource(s) is not configured.
· X can be 385us or 350usc assuming 200ns of UE Rx beam switch time and 16.2ns of DL frame boundary estimation error.
· If UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected.
3.	Conclusion
Observations and Proposals are summarized below:
Proposal 1: For CBM UEs in FR2 inter-band CA, MRTD shall not be larger than “CP length - UE Rx beam switch time - 2 x DL timing error” and the max SCS is 120kHz. For instance, assuming 200ns for UE Rx beam switch time and 16.2ns for DL timing error, MRTD shall not be larger than 350ns.
Observation 1: When signals from non-anchor carrier, e.g. SCell, arrives at UE 3usec of MRTD earlier than anchor-carrier’s, e.g. PCell, 31% of the first OFDM symbol (excluding CP) in a slot may not be received by the UE. Due to the ISI and ICI, UE may not be able to decode PDCCH.
Observation 2: When signals from non-anchor carrier, e.g. SCell, arrives at UE 3usec of MRTD later than anchor-carrier’s, e.g. PCell, 29% of the last OFDM symbol (excluding CP) in a slot may not be received by the UE. Due to the ISI and ICI, UE may not be able to decode segmented code block(s) mapped to the last OFDM symbol.
Proposal 2: If MRTD for CBM inter-band CA can be up to the current OTA (3us), RAN4 should add the following note to the corresponding MRTD table. And when UE switches Rx beam shall be left to UE implementation and the allowed/expected performance loss due to Rx beam switch across inter-bands doesn’t have to be specified.
· If the receive time difference exceeds [X]us, demodulation performance degradation is expected for the first and the last OFDM symbols of slot in a band where beam management reference resource(s) is not configured.
· X can be 385us or 350usc assuming 200ns of UE Rx beam switch time and 16.2ns of DL frame boundary estimation error.
· If UE is scheduled to apply different beams within a slot, e.g. PDCCH-to-PDSCH, additional performance degradation is expected.
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