[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 101-bis-e	R4-2200934
Electronic Meeting, January 17-25, 2022

Agenda Item:	6.16.7.2
Source:	MediaTek Inc.
Title:	Discussion on timing requirements in FR2-2
Document for:		Discussion
Introduction
[bookmark: _Ref481671177]In this paper, our views on timing measurement requirements in FR2-2 are provided, including the UL timing accuracy requirements for SCS of 480 kHz and 960 kHz, and cross-carrier active BWP switching. 
UL Timing accuracy (Te) requirement for higher SCS
 In last meeting, the principle to define Te requirement was discussed as WF [1]. · Basic principles
· FFS: Choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 holds
· FFS: When defining the margin for the Te calculation, discuss the values for maximum RMS channel delay spread for 480 kHz SCS, and 960 kHz SCS
· FFS: Cases for which the UE cannot meet the Te requirements derived in the abovementioned manner.


The timing error limit Te are contributed at least by the baseband estimation error on DL signal and the RF mismatch between UL and DL plus the margin. As shown in Table 1, the baseband estimation error on DL signal is assumed to be reduced with the increase of SSB BW. For SSB SCS of 480 kHz, the estimation error could be improved to 0.14 Ts from 0.27 Ts, i.e. ~0.13 Ts improvement comparing to SSB SCS of 240 kHz. However, assuming Te is budgeted as 50% CP, then the Te will be tightened to 2.2 Ts and 1.1 Ts for 480 kHz and 960 kHz, respectively. Thus, the budget for RF mismatch + margin will be reduced to ~2.1 Ts and ~1 Ts for SCS of 480 kHz and 960 kHz, respectively. 

Table 1. Te requirements and the corresponding baseband and RF error budget
	FR
	SSB SCS
	UL SCS
	Te
	Baseband
DL est. error
	RF + Margin

	
	kHz
	kHz
	Ts (64Tc)
	Ts
	Ts

	FR2
	120
	60
	3.5
	0.53
	2.97

	
	
	120
	3.5
	0.53
	2.97

	
	240
	60
	3
	0.27
	2.73

	
	
	120
	3
	0.27
	2.73

	FR2-2
Te of 50% CP
	480
	480
	2.22
	0.14
	2.09

	
	
	960
	1.11
	0.14
	0.98



[bookmark: _Ref85643409]Observation 1: For the higher SCS, the timing error is dominated by the RF mismatch and margin. The baseband improvement will be limited. 
Since the error budget of 1 ~ 2 Ts is very challenging for UE implementation, and one UE supports 480 kHz and 960 kHz may not be able to support the UL timing accuracy, thus we suggest to introduce a new UE capability for supporting UL timing accuracy. 
[bookmark: _Ref85643411]Observation 2: The timing error budget for RF mismatch and margin will be reduced to ~2.1 Ts and ~1 Ts for UL SCS of 480k Hz and 960 kHz, respectively, assuming Te is 50% CP.  UE may not be able to support the UL timing accuracy.
[bookmark: _Ref92444784]Proposal 1: Introduce a new UE capability for supporting UL timing accuracy. 
And if the UE cannot meet the Te requirements derived in the abovementioned manner, UE shall report it cannot support accurate UL timing, and network could schedule one UE at one UL slot to avoid UL interference between UEs. Besides, to avoid UL interference across slots, UL scheduling restriction can be applied. As illustrated in Figure 1, UE shall not transmit UL transmissions on the 1st UL symbol and the last UL symbol of UL slots, if the UE cannot meet the new Te requirement for SCS of 480 kHz / 960 kHz. 
[image: ]
[bookmark: _Ref85643418]Figure 1. UL scheduling restriction for the UE cannot meet the Te requirement for SCS of 480 kHz / 960 kHz.

Observation 3: Network could schedule one UE at one UL slot to avoid UL interference between UEs when UE cannot support accurate UL timing. 
Proposal 2: UE shall not transmit UL transmissions on the 1st UL symbol and the last UL symbol of scheduled UL slots, if the UE cannot meet the new Te requirement for SCS of 480 kHz / 960 kHz. 
Cross-carrier active BWP switching
In the last meeting, cross-carrier active BWP switching has been discussed as in [2]. · Cross-carrier active BWP switching
· MRTD value should be considered for BWP switching delay definition in cross-carrier scheduling case.
· RAN4 to further discuss how to define requirements for cross-carrier BWP switching considering the following questions:
· How to account MRTD in cross-carrier BWP switching delay:
· Option 1: Several slots according to the MRTD length
· Option 2: 1 slot to reserve misalignment in case of asynchronous between two carriers
· Other options are not precluded
· How to consider additional margin for cross-carrier scheduling
· Option 1: Any option of previous question covers the margin as ceiling to the integer number provides additional time for cross-carrier processing
· Option 2: 1 slot of 120 kHz when both scheduling carrier and scheduled carrier are in FR2-2 (aligned with Option 2 of the previous question)
· Other options are not precluded
· How to consider different SCS between scheduling cell and scheduled cell for cross-carrier BWP switching delay:
· Option 1: the delay requirements to be defined considering the SCS of scheduled cell
· Option 2: keep current assumption which says “TBWPswitchDelay + Y shall follow the smaller SCS of scheduling cell, scheduled cells before and scheduled cells after active BWP change”

In general, MRTD value are needed to be taken into account for the cross carrier BWP switch requirement.
For intra-band non-contiguous CA, although the MRTD is waiting for the conclusions on TAE, it is likely will be less than 1 slot, then 1 slot to reserve misalignment will be sufficient (Option 2 of the first two bullet). 
However, for FR1 and FR2-2 CA, the MRTD is FFS and it could be multiple slots. 
Besides, if the scheduling cell and scheduled cell are with different SCS, we prefer to keep the current assumption to have the better consistency of specification. 
[bookmark: _Ref92448747]Proposal 3: For intra-band non-contiguous CA, 1 slot margin is reserved for misalignment. For FR1 and FR2-2 CA, K slots (s) are reserved, where K is FFS depending on the MRTD value. 
[bookmark: _Ref92448750]Proposal 4: If the scheduling cell and scheduled cell are with different SCS, keep the current assumption which says “TBWPswitchDelay + Y shall follow the smaller SCS of scheduling cell, scheduled cells before and scheduled cells after active BWP change.
Conclusion
In this contribution, we discuss the timing measurement requirement in FR2-2. We have the following observations and proposals. 
Observation 1: For the higher SCS, the timing error is dominated by the RF mismatch and margin.
Observation 2: The timing error budget for RF mismatch and margin will be reduced to ~2.1 Ts and ~1 Ts for UL SCS of 480k Hz and 960 kHz, respectively
Proposal 1: Introduce a new UE capability for supporting UL timing accuracy.
[bookmark: _GoBack]Observation 3: Network could schedule one UE at one UL slot to avoid UL interference between UEs when UE cannot support accurate UL timing. 
Proposal 2: UE shall not transmit UL transmissions on the 1st UL symbol and the last UL symbol of scheduled UL slots, if the UE cannot meet the new Te requirement for SCS of 480 kHz / 960 kHz.
Proposal 3: For intra-band non-contiguous CA, 1 slot margin is reserved for misalignment. For FR1 and FR2-2 CA, K slots (s) are reserved, where K is FFS depending on the MRTD value.
Proposal 4: If the scheduling cell and scheduled cell are with different SCS, keep the current assumption which says “TBWPswitchDelay + Y shall follow the smaller SCS of scheduling cell, scheduled cells before and scheduled cells after active BWP change.
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