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1. Introduction

In RAN4, the UE timing related requirements for NR have been discussed for several meetings. A TP on UE timing requirements [1] has been agreed, however, the value of UE transmit timing error Te is still not concluded. In this contribution, we will provide our further considerations on UE transmit timing for NR.
2. Discussion
As we discussed in [2], the value of UE transmit timing error Te depends on the UE capability of estimating the first detected path of downlink frame. UE detects the path after averaging the fading profile over several tens of downlink frames, where the fading profile of a frame is detected based on the time tracking reference signal. In NR, since SS block will be always transmitted, the NR-SS and PBCH DMRS contained in SS block can be utilized for estimating the downlink timing of NR cells. Currently, RAN1 has made the following agreements on SS block in [3].
	· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign

· Working assumption: 

· X=20 

· Y=2*(24-X) 

· Same mapping rule(frequency-first, time-second) for data and DMRS is applied

· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed 

· For sub-6: Single SCS assumption with the exception of bands with LTE/NR DL coexistence and 5 MHz minimum bandwidth (band 5 and band 66)

· For above-6: RAN1 assumes a single SCS per band. If dual SCS is deemed critically necessary by RAN4 for a band, the total number of hypothesis shall not be increased, or insignificantly increased compared to single SCS

· After initial cell selection, the UE is expected to find a single SCS per frequency layer

· (Working assumption) The EPRE offset between SSS RE and PBCH DM-RS RE is 0 dB


According the above agreements, the bandwidth of SS block is modified as 20 RBs. A higher sampling rate for SS block can provide a better capability of estimating the downlink timing. The sampling rate depends on subcarrier spacing and applied FFT size. Table 1 shows the sampling rate of SS block based on different combinations of subcarrier spacing and FFT size.

Table 1: Sampling rate (sampling interval) of SS block
	Parameters
	Subcarrier spacing of SS block

	
	15KHz
	30KHz
	120KHz
	240KHz

	Bandwidth of SS block
	3.6 MHz
	7.2 MHz
	28.4 MHz
	56.8 MHz

	Sampling rate (sampling interval)
	256-point FFT
	3.84 MHz
(8 Ts)
	7.68 MHz
(4 Ts)
	30.72 MHz
(1 Ts)
	61.44 MHz
(1/2 Ts)

	
	512-point FFT
	7.68 MHz
(4 Ts)
	15.36 MHz
(2 Ts)
	61.44 MHz
(1/2 Ts)
	122.88 MHz
(1/4 Ts)

	
	1028-point FFT
	15.36 MHz
(2 Ts)
	30.72 MHz
(1 Ts)
	122.88 MHz
(1/4 Ts)
	245.76 MHz
(1/8 Ts)

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)


From Table1, it can be observed that 256-point FFT is sufficient for SS block, which allows a bit larger sampling bandwidth than the SS block bandwidth.
From the perspective of network performance, the UE transmit timing error is desired to be much smaller than the CP length such that the BS demodulation performance will not be impacted a lot. The CP length used for uplink transmission is scaled with the subcarrier spacing of uplink transmission. A shorter CP is applied for a larger subcarrier spacing, which requires the UE to have a better capability of estimating downlink timing. Therefore, the requirement on UE transmit timing error is expected to be scaled with the uplink subcarrier spacing. In LTE, the CP length is 144Ts and the requirement of Te is defined as (24Ts for 1.4MHz bandwidth. Then, the ratio of Te to CP length equals to 1/6. Table 2 shows the value of CP length based on different uplink subcarrier spacing. The UE transmit timing error within 1/6 CP length appears to be acceptable on the premise of ensuring the BS demodulation performance of the uplink transmission.
Table 2: CP length with different uplink subcarrier spacing
	Parameters
	Subcarrier spacing of UL transmission

	Subcarrier spacing of UL transmission
	15KHz
	30KHz
	60KHz
	120KHz

	CP length for UL transmission
	144Ts
	72Ts
	36Ts
	18Ts

	Length of 1/6 CP
	24Ts
	12Ts
	6Ts
	3Ts

	Note: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)


Due to the asymmetry of uplink and downlink, the subcarrier spacing of uplink can be different with the subcarrier spacing of SS block. The most challenge case is the weakest UE capability as well as the most stringent network performance requirements. For sub-6GHz, the most challenge case is that SS block is transmitted with 15KHz SCS while 60KHz SCS is applied for uplink transmission. In this case, if the requirement of Te was specified as 6Ts for uplink SCS=60KHz, the sampling rate with 256-point FFT would not be sufficient since a sampling interval (8Ts) is larger than the value of Te (6Ts). Then it would require the UE to use much higher sampling rate and this will consume more power. Hence, the requirement of Te for uplink SCS=60KHz is suggested to be specified as 8Ts.
Based on the above analysis, the initial UE transmit timing error shall be considered from perspectives of both UE capability and network performance, and the following is proposed:

Proposal 1: The initial UE transmit timing error in NR is suggested to be defined as follows:
Table 7.1.2-1: Te Timing Error Limit
	Subcarrier Spacing for uplink (KHz)
	Te

	15
	24*64Tc

	30
	12*64Tc

	60
	8*64Tc

	120
	3*64Tc

	Note:
Tc is the basic timing unit defined in TS 38.211


3. Conclusions

This contribution provides the analysis on the requirements on NR UE transmit timing. The following observations are given:
Proposal 1: The initial UE transmit timing error in NR is suggested to be defined as follows:

Table 7.1.2-1: Te Timing Error Limit
	Subcarrier Spacing for uplink (KHz)
	Te

	15
	24*64Tc

	30
	12*64Tc

	60
	8*64Tc

	120
	3*64Tc

	Note:
Tc is the basic timing unit defined in TS 38.211


4. Reference
[1]. R4-1711687, “TP for TS38.133 on UE transmit timing requirements”, Huawei, HiSilicon
[2]. R4-1711246, “Further considerations on UE initial transmit timing requirements in NR”, Huawei, HiSilicon.

[3]. R1-1719165, “Reply LS on NR minimum carrier bandwidth and SS block numerology”, RAN1 Meeting 90bis
8
1

