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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last RAN4 AH meeting for NR, UE initial transmit timing requirements was discussed with the following agreements reached and captured in [1]. 
	· It is agreed to specify the initial UE transmit timing error (Te) and the maximum autonomous adjustment step size (Tq) considering the factors including
· downlink bandwidth of the reference signals in Hz, which are used to derive the timing,
· uplink normal CP length of the signal transmitted,
· uplink bandwidth in Hz. 
· Interested companies are invited to investigate the detailed impact of the factors listed


In this paper, we first review the initial transmit timing requirements in LTE and then discuss what’s new in NR. 
2	Initial transmit timing requirements in LTE
In this section we shortly go through the requirement and the test method in LTE, and then we provide some key observations that need to be considered in NR.


In Section 7.1.2 of TS36.101, the UE initial transmission timing error shall be no larger than Te (specified in Table 7.1.2-1). This requirement applies when it is the first transmission in a DRX, SRS, PRACH, …, etc.. UE transmits timing shall be the DL timing of the reference cell minus , where the DL timing is defined as the time when the first detected path (in time) of the corresponding DL frame is received from the reference cell. 
Table 7.1.2-1: Te Timing Error Limit
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note:	TS is the basic timing unit defined in TS 36.211



UE shall also be capable of changing the transmission timing according to the received DL frame of the reference cell. UL timing adjustments made to the UE shall follow below rules, where Tq is specified in Table 7.1.2-2:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.
2)	The minimum aggregate adjustment rate shall be 7*TS per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200ms.
Table 7.1.2-2: Tq Maximum Autonomous Time Adjustment Step
	Downlink Bandwidth (MHz)
	Tq_

	1.4
	17.5*TS

	3
	9.5*TS

	5
	5.5*TS

	10
	3.5*TS

	Note: TS is the basic timing unit defined in TS 36.211



In Section A.7.1.1 of TS36.101, 4 sub-tests are specified, as summarized in below Table 1. In all sub-tests, the channel is AWGN, the SNR is 3dB and only SRS is used to verify UE UL transmission timing. Three tests are defined in 10MHz, the other one is in 1.4MHz. In sub-tests 2 and 4, DRX is enabled but the adjustment rate is not checked.
[bookmark: _Ref489608026]Table 1 Summary of sub-tests in A.7.1.1
	Test #
	Bandwidth (MHz)
	channel
	SNR (dB)
	DRX cycle
	adjustment rate checking
	Timing changed by test equipment (Ts)

	1
	10
	AWGN
	3
	N/A
	Yes
	+64

	2
	10
	AWGN
	3
	80
	No
	+65

	3
	1.4
	AWGN
	3
	N/A
	Yes
	+128

	4
	10
	AWGN
	3
	640
	No
	+32



In Section 7.1.1.4.2 of TS36.521-3, the test procedure is specified. It can be simply abstracted as Figure 1. Note that both T1 and T2 are used just for illustration in this paper, but not used in test procedure. After RRC message exchanging, test equipment first checks the UL timing error limit. Then test equipment suddenly changes its DL timing by a certain amount, as captured also in Table 1. After the change, test equipment will check UE’s UL timing adjustment rate. In the end, the test equipment checks the UL timing error limit again.
[image: ]
[bookmark: _Ref489609944]Figure 1 Test procedure for UL initial timing error

From above requirement and procedure, we have some observations below:
· DL timing tracking performance is key to UL timing performance. If UE cannot track DL timing within a certain error level, it is not possible to achieve the UL timing requirement.
· There is no requirement on how fast UE needs to achieve the initial timing error requirement before timing changed by test equipment (T1).
· In LTE, CRS comes in every subframe. Therefore, the performance of one-shot timing estimation is not an important issue, because UE can always use every CRS symbol in every subframe to converge to the desired timing, even though it takes some time for convergence.
· Under DRX, CRS is still transmitted in every subframe even not in on-duration. Therefore, UE can always wake up early for timing convergence. How early UE needs to wake up is an important factor in UE implementation, although it is not captured in spec. 
[bookmark: _Ref489716569]Observation 1: DL timing tracking performance is key to the UL timing performance.
[bookmark: _Ref489716577]Observation 2: In LTE, the one-shot timing tracking performance is not an important issue because CRS comes in every subframe.
[bookmark: _Ref489716581]Observation 3: In LTE DRX, UE can always wake up early for timing convergence.
3	Initial transmit timing requirements in NR
One fundamental difference between LTE and NR is the absence of CRS. 
In NR, it is still not clear if there will be additional RS than SS block that can be used for timing tracking. If SS block is the only source that UE can use for timing tracking, the some issues are expected:
· Although there may be multiple SS blocks transmitted in a SS burst, not all of them can be used by UE for timing tracking due to different Tx beamforming direction. Therefore, it is reasonable to consider the worst case, where there is only on SS block that can be used by UE for timing tracking within a burst set periodicity.
· When the SS burst set periodicity is large, such as 160ms, then UE can only adjust its timing every 160ms. Comparing to CRS which comes in every subframe, UE needs more time to converge to the desired initial timing error. If we further consider that the timing/clock drift over time. It could be hard to guarantee that UE can still meet the requirement, even if the requirement is scaled based on the bandwidth of SS block. Same issue is expected for the requirements for timing adjustment rate.
· In DRX mode, it is not clear when UE can access the SS block for timing tracking. From the viewpoint of UE, it is reasonable to have SS burst right before DRX on duration in order to have the opportunity to estimate and compensate the timing, frequency and clock error. If the requirement is too tight, it may further mandate UE to wake up early in order to catch more SS blocks for synchronization purpose. This will make the DRX in NR not as good as that in LTE, in terms of power saving.
From above discussion, we see that the availability in time of SS block is a key issue, if SS block is the only source for UE to trace the cell timing. We suggest RAN4 to start some study on whether only SS block is enough for UE to meet the UL timing. Based on the conclusion of the study, RAN4 may need to inform RAN1 that additional RS for timing synchronization is needed.
[bookmark: _Ref489716585]Observation 4: In NR, if SS block is the only source for timing synchronization, the availability in time would be a key factor that impact the UL timing performance.
[bookmark: _Ref489716592]Proposal 1: RAN4 to start some study on whether only SS block is enough for UE to meet the UL Tx timing requirement. Based on the conclusion of the study, RAN4 may need to inform RAN1 that additional RS for timing synchronization is needed.

The other fundamental difference between LTE and NR is that the subcarrier spacing (SCS) between DL and UL can be different. No matter what SCS is used in DL, UE always needs to transmit UL signal within a certain timing error compared with UL CP length. Otherwise, gNB will have problem receive the signal. Since the CP length reduces when SCS get larger, we see that the UL timing requirement get tighter with larger SCS. 
In current LTE, the initial timing requirement is about 1/12 CP length (in 3MHz case). If we reuse the same ratio from LTE to NR, the requirements derived as listed in Table 2. From Table 2, we see requirement is really tight for large SCS. One extreme example can also be found in Table 2: the requirement in 15KHz is even larger than the CP length of 240KHz, which means it is extremely challenging, if not impossible, for a UE to meet the requirement for UL SCS 240KHz based on DL SCS 15KHz. 
[bookmark: _Ref489715351]Table 2 Initial timing requirement in different numerology when following LTE’s rule (1/12 CP length)
	SCS
	UL CP length in us
	UL Tx timing error Requirement in us

	15KHz
	4.69
	0.390

	30KHz
	2.345
	0.195

	60KHz
	1.1725
	0.0975

	120KHz
	0.58625
	0.04875

	240KHz
	0.293125
	0.024375



In our opinion, UL should be arranged in lower bands with smaller SCS because UL is more power limited case than DL. It is reasonable to avoid arranging UL at higher bands which has larger pathloss. Therefore, we think it is typical to deal with the case where UL SCS is no larger than DL SCS. With this understanding, we think RAN4 can prioritize the UL Tx timing requirements with UL SCS no larger than DL SCS. Furthermore, it would be reasonable to start discussing the requirement with same SCS for both DL and UL. 
[bookmark: _Ref489716597]Proposal 2: RAN4 to prioritize the case with UL SCS no larger than DL SCS. Same SCS for DL and UL can be used as a starting point for discussion.

3	Summary 
In this paper, we reviewed the initial transmit timing requirements in LTE and then discuss the differences in NR. Based on our discussion, we have the following observations and proposals:
Observation 1: DL timing tracking performance is key to the UL timing performance.Observation 1: DL timing tracking performance is key to the UL timing performance.
Observation 2: In LTE, the one-shot timing tracking performance is not an important issue because CRS comes in every subframe.
Observation 3: In LTE DRX, UE can always wake up early for timing convergence.
Observation 4: In NR, if SS block is the only source for timing synchronization, the availability in time would be a key factor that impact the UL timing performance.
Proposal 1: RAN4 to start some study on whether only SS block is enough for UE to meet the UL Tx timing requirement. Based on the conclusion of the study, RAN4 may need to inform RAN1 that additional RS for timing synchronization is needed.
Proposal 2: RAN4 to prioritize the case with UL SCS no larger than DL SCS. Same SCS for DL and UL can be used as a starting point for discussion.
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