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1. Introduction
The WI on extending NR operation to 71GHz was discussed in the last RAN4 meeting. The timing related issue were discussed with agreements and pending issues captured in WF [1]. In this paper, we further provide views on impact on timing requirements.
2. Discussion
2.1 UE transmit timing error
The Te requirements for larger SCS was discussed in the last meeting. The current status are summarized as follows:
	UL Timing accuracy requirements
Percentage of UL CP length Te can occupy for UL SCS of 480/960 kHz
· UE transmit timing error requirements for UL SCS of 480/960 kHz are defined under the following assumptions
· SCS:
· SSB SCS ≥ UL SCS
· FFS if other SCS combinations shall be considered
· At least one SSB is available at the UE during the last: 20ms, 40ms, 80ms
· Note: If multiple set of requirements are defined, then the requirements will be defined for at most for 2 periodicities
· Max delay spread: 
· [30ns] for 480kHz 
· [20ns] for 960kHz
· FFS if a single set or multiple sets of requirements need to be defined
· FFS how to design test case for UE transmit timing error requirements



Based on the discussion in the lasting meeting, some progress has been made in terms of SCS combinations, availability of SSBs and max delay spread. In this paper, we would like to further provide our views on detailed Te requirements. First regarding the availability of SSB and sets of requirements, companies’ views are quite diverse in last meeting. Some companies suggested to define requirements based on 20/40 ms, and some companies suggest to define requirements based on 80 ms SSB. However, it seems impossible to converge to a single value which is acceptable to all. Then, we proposed to have two sets of requirements. And we also encourage companies to look at the whole picture of the issue and try to analyze the pro and con of having single or multiple sets of Te requirements. 
Single set of requirements:
Drawback: 
· If requirements are defined based on 20/40ms, there is no predictable performance when SSB periodic is larger than 20/40 ms. And it is inflexible for power saving.
· If requirements are defined based on 80ms, the larger error of timing drift has to be considered even the SSB is available in last 20 ms, which may unnecessarily extend the Te requirements for typical scenarios.
Benefit: 
· Save standardization effort but not significant
Two sets of requirements:
Drawback: 
· Extra standardization effort but not significant
Benefit: 
· One set of requirements when SSB is available in last 20 ms to guarantee the performance of typical scenarios. One set of requirements when SSB is available in last 80 ms to have predictable performance for power saving purpose. 
Based on the analysis above, two sets of Te requirements seems to be more feasible. Companies disagree with multiple sets of requirements did not present much analysis on drawback of doing so. And also it is not clarified what about the case when SSB periodicity is longer.
Proposal 1: It is suggested to define two sets of Te requirements when SSB is available in 20/40 ms and 80 ms.
Considering the SSB SCS and UL SCS combinations, it is agreed to define requirements when SSB SCS is larger than or equal to UL SCS. During the discussion in last meeting, companies also proposed to have Te requirements for combinations (120, 480) (480, 960). From our understanding, we are also fine to include these two cases. Thus, the Te requirements are proposed as follows:
Table I. Te when SSB is available in last 20ms
	SSB SCS (kHz)
	UL SCS (kHz)
	Te 
	　Te/CP

	120
	480
	1.35*64*Tc
	30%

	480
	120
	1.6*64*Tc
	8.8%

	
	480
	1*64*Tc
	22.3%

	
	960
	0.65*64*Tc
	29.0%

	960
	120
	1.4*64*Tc
	7.7%

	
	480
	0.8*64*Tc
	17.8%

	
	960
	0.65*64*Tc
	29.0%



Table II. Te when SSB is available in last 80ms
	SSB SCS (kHz)
	UL SCS (kHz)
	Te 
	　Te/CP

	120
	480
	1.6*64*Tc
	35.7%

	480
	120
	1.9*64*Tc
	10.5%

	
	480
	1.2*64*Tc
	26.7%

	
	960
	0.85*64*Tc
	37.9%

	960
	120
	1.6*64*Tc
	8.8%

	
	480
	1*64*Tc
	22.3%

	
	960
	0.85*64*Tc
	37.9%



Proposal 2: Define Te requirements as Table I and Table II.
Another new issue was brought up in last meeting about updating Tq requirement in FR2-2. As analyzed in [3], currently UE is required to adjust its UL timing according to the step size and rate defined in Tp and Tq. In existing requirements, Tq are derived by ceiling the total time drift per 200 ms and with another 1.5 Ts RF margin. But when it comes to FR2-2, the length of symbol and CP are much shorter, thus it is assumed that gradual timing adjustment should be more accurate. As mentioned in [3], the 1.5 Ts RF margin is too larger for FR2-2, and also whether to consider the timing drift in a shorter time period should be also discussed (e.g. 100ms). However, as commented in last meeting, it can only be determined when the Te requirements are settle which can be taken as the principle to guarantee the performance of UL performance. 
Proposal 3: Discuss whether to have smaller RF margin and finer granularity of timing drift for gradual adjustment in FR2-2 based on conclusion on Te requirements.
2.2 MRTD/MTTD
How to update the MRTD requirements for operation in FR2-2 was discussed with following agreements:
	Basic principles
· Define MRTD requirements in FR2-2 based on the following rules in:
· For Async cases: MRTD = 0.5 slot
· For sync cases: MRTD = TAE + propagation delay difference
· FFS whether and how to change the MRTD definition, so that it could be larger than 0.5 slot.

Propagation delay difference
· For FR2-2 and FR2-2, there is no propagation delay difference 
MRTD for intra-band non-contiguous CA
· The MRTD requirement for intra-band non-contiguous NR CA need to continue waiting for the TAE conclusion from RF group.
MRTD for FR1 and FR2-2 inter-band CA
· The MRTD requirements for FR2 inter-band CA is only applicable for FR2-1. For the MRTD requirements for inter-band NR carrier aggregation, update Table 7.6.4-2 for FR2-2 as below:
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	TBD 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.


MRTD for FR1 and FR2-2 NR DC - Synchronous
· The MRTD requirements for FR2 +FR2 inter-band CA is only applicable for FR2-1+FR2-1. For the MRTD requirements for inter-band synchronous NR DC, update Table 7.6.6-1 for FR2-2 as below:
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum receive timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	33

	FR2-1
	FR2-1
	8

	FR1
	FR2-1
	33

	FR1
	FR2-2
	TBD



MRTD for FR1 and FR2-2 NR DC – Asynchronous
· Reuse the existing MRTD requirements for FR1 and FR2-1, that is, half the slot length with respect to the larger SCS of the MCG and SGC cells.
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	480
	15.625

	960
	7.8125


· 



The exact value of MRTD needs to be defined based on the agreement of TAE requirements in RF session. The latest progress about TAE is shown as follows:
	R4-2203016
2.1	TAE
-	Inter-band CA: 3us.
-	Contiguous intra-band CA (baseline assumption): 65 ns for 480 kHz SCS, 32.5 ns for 960 kHz SCS. RAN4 will make final decision on February RAN4#102-e meeting.
-	Non-contiguous intra-band CA: [260 ns]. (Note: Whether the requirement need to be specified in Rel-17 specification pending on further confirmation whether NC CA is within Rel-17 scope).
-	MIMO: Option 1 baseline assumption; RAN4 will make final decision on February RAN4#102-e meeting.
-	Option 1: 65 ns for 480 kHz SCS, 32.5 ns for 960 kHz SCS.
-	Option 2: 32.5 ns for 480 kHz, 16.25 ns for 960kHz SCS.



It could be observed that TAE for inter-band and NC CA are not changed compared with existing requirements. Thus, it is reasonable that legacy requirements of MRTD for intra-band non-contiguous CA can be reused for FR2-2.
Proposal 4: Legacy requirements of MRTD for intra-band non-contiguous CA can apply to FR2-2.
For FR1+FR2-2 inter-band CA and DC, one remaining part is whether to update the propagation delay difference. We suggest to keep the same assumption of propagation delay difference as FR2-1. Then the MRTD requirements of legacy FR1+FR2-1 can also apply to FR1+FR2-2. One issue is about the case when the MRTD is larger than 0.5 slot in FR2-2. We also recognize that it is a valid point. In current spec, MRTD is the time difference between closest slot timing boundaries. Companies propose to update the definition of MRTD as it is the time difference between slots which are transmitted simultaneously. As commented in last meeting, it is not clear what the meaning of “transmitted simultaneously” is. And also it seems extends the function of MRTD which is only for the time different between closest slots. But with the suggested changing, it seems MRTD is also working for frame/slot alignment for CA and DC case. Thus, one possible solution is to cap the MRTD with the 0.5 slot. For instance, the MRTD for FR1+FR2-2 is 25 us which is larger than 0.5 slot of 480 KHz and 960 KHz. Then the MRTD can be defined as Min (25us, 0.5 slot). Though it does not put extra limitation, it can avoid the ambiguity when MRTD is larger than 0.5 slot.
Proposal 5: Legacy requirements of MRTD for inter-band CA and synchronous DC can apply to FR1+FR2-2, which is capped by 0.5 slot length of corresponding SCS.
For the MTTD requirements, during the discussion in last meeting, most companies agree with the following principles.
Define MTTD requirements in FR2-2 based on the following rule:
· MTTD = MRTD + (TA resolution error cc1 + TA adjustment accuracy cc1 + UL transmit error cc1) + (TA resolution error cc2 + TA adjustment accuracy cc2 + UL transmit error cc2)
Thus it is straightforward that MTTD requirements can be derived accordingly with agreements of MRTD and Te.
Proposal 6: Define MTTD requirements with conclusion of MRTD and Te based on following rules:
· MTTD = MRTD + (TA resolution error cc1 + TA adjustment accuracy cc1 + UL transmit error cc1) + (TA resolution error cc2 + TA adjustment accuracy cc2 + UL transmit error cc2)

3. Conclusions
Proposal 1: It is suggested to define two sets of Te requirements when SSB is available in 20/40 ms and 80 ms.
Table I. Te when SSB is available in last 20ms
	SSB SCS (kHz)
	UL SCS (kHz)
	Te 
	　Te/CP

	120
	480
	1.35*64*Tc
	30%

	480
	120
	1.6*64*Tc
	8.8%

	
	480
	1*64*Tc
	22.3%

	
	960
	0.65*64*Tc
	29.0%

	960
	120
	1.4*64*Tc
	7.7%

	
	480
	0.8*64*Tc
	17.8%

	
	960
	0.65*64*Tc
	29.0%



Table II. Te when SSB is available in last 80ms
	SSB SCS (kHz)
	UL SCS (kHz)
	Te 
	　Te/CP

	120
	480
	1.6*64*Tc
	35.7%

	480
	120
	1.9*64*Tc
	10.5%

	
	480
	1.2*64*Tc
	26.7%

	
	960
	0.85*64*Tc
	37.9%

	960
	120
	1.6*64*Tc
	8.8%

	
	480
	1*64*Tc
	22.3%

	
	960
	0.85*64*Tc
	37.9%



Proposal 2: Define Te requirements as Table I and Table II.
Proposal 3: Discuss whether to have smaller RF margin and finer granularity of timing drift for gradual adjustment in FR2-2 based on conclusion on Te requirements.
Proposal 4: Legacy requirements of MRTD for intra-band non-contiguous CA can apply to FR2-2.
Proposal 5: Legacy requirements of MRTD for inter-band CA and synchronous DC can apply to FR1+FR2-2, which is capped by 0.5 slot length of corresponding SCS.
Proposal 6: Define MTTD requirements with conclusion of MRTD and Te based on following rules:
· MTTD = MRTD + (TA resolution error cc1 + TA adjustment accuracy cc1 + UL transmit error cc1) + (TA resolution error cc2 + TA adjustment accuracy cc2 + UL transmit error cc2)
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