3GPP TSG RAN WG4 Meeting NR #2
R4-17xxx
Qingdao, China, 27-29 June, 2017
Agenda Item:
3.5.3
Source: 
Ericsson
Title:
Further analysis of UE Initial Transmit Timing Requirement
Document for:
Discussion
1 Introduction
Requirements for UE transmit timing in NR was discussed in the last meeting in several contributions [1-3]. A way forward to analyse several RRM related areas including UE transmit timing was approved in the last meeting [4].
In this paper we further analyse and address various aspects related to the initial transmit timing in NR.  
2 Background: Initial Transmit Timing 
In LTE in the absence of a valid timing advanced command, the UE autonomously derive its transmit timing for transmitting uplink signals (e.g. SRS, PRACH, PUCCH, PUSCH etc) based on DL serving cell’s reference timing. The UE typically uses CRS for deriving the DL reference timing. In LTE the initial transmit timing accuracy (aka timing error limit), the maximum amount of the magnitude of the autonomous timing adjustment step size, minimum aggregated timing adjustment rate and maximum aggregated timing adjustment rate are specified for LTE in TS 36.133. For convenience they are reproduced below from TS 36.133:
Table 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


· The maximum amount of the magnitude of the timing change in one adjustment shall be Tq seconds.

· The minimum aggregate adjustment rate shall be 7*TS per second.

· The maximum aggregate adjustment rate shall be Tq per 200ms.

Table 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


The UE transmit timing accuracy requirements depend on cell BW as it depend on CRS BW and also the sampling rate which in turn depends on cell BW.  In LTE CRS BW is the same as cell BW. The UE transmit timing accuracy requirements ensure that the base station receiver is able to receive uplink signals transmitted by multiple UEs. This means the uplink signals from all the UEs should be received well within the CP length of UL received signal. 
3 Initial Transmit Timing in NR

Like LTE, in NR there will also be scenarios in which the UE will be required to autonomously derive initial transmit timing for uplink transmissions based on DL received signals. For example, when UE transmit in uplink without having a valid TA command, the UE will have to autonomously derive and adjust its transmit timing. 
In LTE most of the parameters which influence the UE transmit timing are the same except the cell BW. For example, in LTE the subcarrier spacing (15 KHz) is the same for all bands/frequency ranges. In addition, the cell BW, UE BW and CRS BW are also the same in LTE. 

In NR, PSS/SSS signals transmitted in SS block can be used by the UE for deriving the UE transmit timing. Therefore, PSS/SSS signals can play the same role as CRS does in LTE with regard to the UE transmit timing. But in NR there are multiple degree of freedom which will affect the UE transmit timing requirements namely:
· Bandwidth of PSS/SSS signals within SS block,
· Cell bandwidth,
· UE bandwidth,

· Subcarrier spacing of PSS/SSS signals,
· Subcarrier spacing of non-SS signals (e.g. PUSCH/PUCCH etc).
According to RAN1 LS [5], the number of subcarriers for PSS/SSS is 127 while the subcarrier spacing (SCS) of SS block can be different for different frequency ranges. According to the current RAN1 agreements in the LS [5], the PSS/SSS BW varies between 1.905 MHz to 30.48 MHz as shown in table 3. It is up to RAN4 to define exact SCS for SS block for different frequency ranges/frequency bands. 
Table 3: PSS/SSS SCS and BW for different frequency ranges [4]
	Frequency ranges (F)
	Subcarrier spacing of PSS/SSS (KHz)
	Number of PSS/SSS subcarriers 
	PSS/SSS BW (MHz)

	≤ 6 GHz
	15
	127
	1.905

	
	30 
	127
	3.81

	6 GHz < F ≤ 52.6 GHz
	120 
	127
	15.24

	
	240 
	127
	30.48


In LTE for DL BW ≥3 MHz, the timing error (Te) is ±12 Ts. Furthermore, the UE BW will be at least 5 MHz. This means for PSS/SSS SCS of 30 KHz or above the UE should be able to meet at least Te = ±12 Ts from the PSS/SSS BW perspective. 

In NR the UE can transmit using SCS larger than 15 KHz, therefore the uplink symbol duration can be much shorter than in LTE. In LTE the UL symbol lengths including CP length are 71.87 µs for the first symbol in the slot and 71.34 µs for the subsequent symbols in the slot. The symbol length excluding the CP length is 66.67 µs for all symbols in the slot. In NR with SCS of 30 KHz, 60 KHz and 120 KHz the symbol durations without CP length will be reduced to 33.33 µs, 16.67 µs, 8.33 µs respectively.
In principle the magnitude of the UE transmit timing requirements should be scaled (reduced) with respect to the SCS of uplink signal compared to the baseline SCS (15 KHz). Otherwise the base station receiver cannot receive the uplink signal or will cause severe degradation. However it is assumed that the UE shall determine its transmit timing based on the synchronization signal (NR-SSS) transmitted in the SS blocks within the SS burst set. This means the UE transmit timing need to be defined wrt the BW of the SSS signals in the reference cell used for timing determination. 

Scaling of Timing Requirements by SS SCS:

The transmit timing error is caused by baseband processing as well as due to RF impairments. The baseband error depends on sampling rate, which in turn depends on the bandwidth. In NR case, the baseband part of the timing error shall depend on the PSS/SSS BW. The baseband error will therefore scale (reduce) with the increase in the subcarrier spacing since number of PSS/SSS subcarriers is the same i.e. 127. It was proposed in the last meeting that the RF margin will not scale with respect the PSS/SSS BW. In [2], the DigRF margin of 48 ns (1.5 Ts) was proposed regardless of the subcarrier spacing. It seems there is general consensus that at least the timing error due to baseband will scale down linearly with the increase in the subcarrier spacing. The DigRF margin needs further discussion. 
Tables 4 and 5 summarizes the UE transmit timing error mainly due to the baseband processing for frequency bands up to 6 GHz and bands above 6 GHz up to 52.6 GHz respectively. This means the RF margin of 1.5 Ts is excluded. In frequencies up to 6 GHz, the candidate SCS of PSS/SSS are 15 and 30 KHz. In frequencies above 6 GHz and up to 52.6 GHz, the candidates SCS of PSS/SSS are 120 KHz and 240 KHz.

The proposed accuracy figures (Te, Tq and other autonomous adjustment values) in tables 4 and 5 are derived for a given SCS (SN) by linearly scaling by a factor (Sref/SN) the corresponding values defined for reference SCS i.e. Sref =15 KHz. In both tables 4 and 5, 1 Ts ≈ 32.55 ns (i.e. basic time unit in LTE).

In LTE the Te is defined as ±24 Ts for BW of 1.4 MHz and ±12 Ts for 3 MHz or larger. Therefore in table 4, Tq and Te for 1.9 MHz PSS/SSS BW are derived assuming that Te and Tq scale linearly with PSS/SSS BW. Similary Tq for 3.81 MHz PSS/SSS BW is derived assuming that Tq linearly scales with PSS/SSS BW. 
RAN4 needs to further analyse the RF margin and identify whether the same margin or different margin as function of subcarrier spacing can be applied to the timing errors due to baseband. 

Table 4: UE Initial Transmit Timing Error excluding RF margin for frequency ≤ 6 GHz; 1 Ts = 32.55 ns
	No.
	PSS/SSS SCS (KHz)
	PSS/SSS BW (MHz)
	Cell BW (MHz)
	Timing error limit (Te) in Ts
	Maximum autonomous adjustment step size (Tq) in Ts
	Minimum aggregated adjustment rate (Ts/second) 
	Maximum aggregated adjustment rate (Ts/200 ms) 

	1
	15
	1.905
	5
	16
	13
	5.5
	13

	2
	30 
	3.81
	≥ 10
	10.5/2
	6/2
	5.5/2
	6/2


Table 5: UE Initial Transmit Timing Error excluding RF margin for frequency: 6 < F ≤ 52.6 GHz; 1 Ts = 32.55 ns
	No.
	PSS/SSS SCS (KHz)
	PSS/SSS BW (MHz)
	Cell BW (MHz)
	Timing error limit (Te)
	Maximum autonomous adjustment step size (Tq) in Ts
	Minimum aggregated adjustment rate (Ts/second) 
	Maximum aggregated adjustment rate (Ts/200 ms) 

	1
	120
	15.24
	 50
	10.5/8
	2/8
	5.5/8
	2/8

	2
	240
	30.48
	≥ 50
	10.5/16
	2/16
	5.5/16
	2/8


4 Summary
In this paper we have further analysed the UE initial transmit timing requirements in NR.  The following are the main proposals:

· Proposal # 1: UE initial transmit timing requirements are defined as function of subcarrier spacing of PSS/SSS (e.g. SN = 15 KHz, 30 KHz, 120 KHz and 240 KHz)
· Proposal # 2: At least the NR UE initial transmit timing errors for different subcarrier spacing caused by baseband processing are derived by linearly scaling the corresponding LTE UE initial transmit timing requirements by a factor of SN/15.

· Proposal # 3: RF margin once agreed shall be added to the initial timing requirements.
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