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1. Introduction

In RAN4#83 meeting, RAN4 provided the initial RRM discussions for NR WID. A way forward [1] was agreed to capture the focus areas for NR RRM, which included the following agreements:
	· Analysis of decisions made in other working groups eg RAN1, RAN2 in April and earlier meeting rounds, in view of the impact to RAN4 RRM requirements

· UE measurement capabilities such as number of cells, number of beams, number of frequency layers to be monitored, number of numerologies to handle in parallel, etc

· Consideration of requirements for NR UE transmit timing

· Expected measurement requirements needed for enabling NSA option 3 operation

· Draft system level simulation plan
· Draft link level simulation plan (Note: It will not be possible to agree simulation assumtions or provide resuts until further progress is made in RAN1 eg on NR-SS and CSI-RS design)

· RRM Specification structure for 38.133

· NR Measurement definitions and reference point

· UE architecture 

· the need for measurement gaps for inter-frequency and inter-RAT measurements

· Interruption requirements

· Other contributions are not precluded


According to the above agreements, the requirements of NR UE transmit timing shall be considered in RAN4 RRM. In this contribution, we will provide our discussion on the NR UE transmit timing.
2. Discussion
The transmit timing of the uplink frame for UE is generated from the received timing of downlink frame from the serving BS. Since the received timing will fluctuate according to changes in the propagation, the transmit timing should also be controlled according to the received timing. Therefore, the following two cases are discussed.

· initial UE transmit timing accuracy

· UE transmit timing tracking 
2.1. Initial UE transmit timing accuracy
In NR, when the UE starts uplink transmission, the accuracy of the transmit timing with respect to the received frame timing should be specified.
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Figure 1: Example for uplink/downlink timing observed from BS and UE perspectives (initial Tx timing)
As example in Figure 1, The BS must search a time range that accounts for both the propagation delay Tprop,BS-UE expected from the cell radius and the error Te in the UE transmit timing. Because the manufacture cost of the BS is affected by the search range, it should be as small as possible from the BS’s view point. Since the cell radius depends on the network deployment, the UE transmit timing error shall be properly controlled which will not significantly limit both BS implementation and UE implementation. 
In LTE, usually the coarse timing is detected based on PSS/SSS and the fine timing can be detected based on the CRS with DL bandwidth. The UE transmit timing requirements were based on the equivalent UTRA timing requirements when the LTE DL bandwidth is comparable with or larger than the UTRA bandwidth. When the LTE DL bandwidth is smaller than the UTRA bandwidth, some relaxations are considered for the requirements due to a lower sampling rate for smaller bandwidth. Thus, the initial UE transmit timing error is impacted by the bandwidth of reference signals used for time tracking.
Observation 1: The initial UE transmit timing error is impacted by the bandwidth of reference signal(s) for timing tracking.
2.2. Tracking timing changes
For DL based timing, according to the received timing of serving cell, the UE choose the timing for UL transmission. The UE shall be capable of changing the transmission timing according to the received downlink frame when the timing advance is not considered, as shown in Figure 1. 
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Figure 1: Example for timing adjustment
The requirements on UE transmit timing adjustment shall be investigated to ensure UE to follow the timing changes In E-UTRAN, the maximum time adjustment step, the minimum adjustment rate and the maximum adjustment rate are specified except when the timing advance is applied. 
The maximum time adjustment step size Tq is defined in order to enable the BS to track the Rx timing within reasonable limits. The maximum adjustment rate depends on the cause of the timing change. The received timing might change due to UE movement, changes in the channel condition or the frequency difference between BS and UE (e.g. ±0.1 PPM frequency error).
In NR, the supported mobile speed is up to 500 km/h. The UE with a speed of 500 km/h moves 138.9 meters per second, then the time drift due to UE movement is 138.9/3E108 ≈ 463 ns per second (equivalent to 92.6 ns per 200ms).
If ±0.1 PPM frequency error requirements was applied in NR, UE receives on chip more or chip less every 10 million chips and the time drift due to UE frequency error is ±0.1 PPM (equivalent to 100 ns per second or 20 ns per 200ms).

Besides the time drift, according to [2], the maximum time adjustment step also considered the timing quantization error which includes:
· Effect of baseband sampling quantization: The timing updates are in steps of the native baseband sampling period. 
· DigRF protocol allowance: The MIPI DigRF standard allows an uncertainty for variability in protocol message latencies for support of Timing Accurate Strobes. This uncertainty applies to the DigRF interface on the baseband as well as the RF chip.
The baseband sampling rate relies on bandwidth. The UE in typical implementation will use lower sampling rate for smaller bandwidths, which means a longer sampling period for smaller bandwidths (e.g, Ts for 20 MHz, 2*Ts for 10 MHz, 4*Ts for 3 MHz, 16*Ts for 1.4 MHz, Ts=32.55ns). The time adjustment step in the baseband shall be an integrate number of sampling period. For example, the total timing drift due to UE movement and frequency error is 112.6ns (equivalent to 3.46 sampling periods for 20 MHz bandwidth, 1.73 sampling periods for 10 MHz bandwidth, 0.86 sampling periods for 5 MHz bandwidth, 0.43 sampling periods for 3 MHz bandwidth) per 200ms, then the maximum time adjustment step is suggested as 4 sampling periods for 20 MHz bandwidth, 2 sampling periods for 10 MHz bandwidth, 1 sampling periods for ≤5 MHz bandwidth.
The DigRF standard (DigRF v4) allows for an uncertainty of up to 24ns in processing TAS messages. The total uncertainty for both ends of the DigRF interface leads up to a 48ns error.

Based on the above discussion, the following is proposed.
Proposal 1: At least the following aspects should be considered for RAN4 studying the requirements on NR UE transmit timing adjustment.

· The time drift due to frequency error and UE movements at a speed up to 500km/h.
· The Effect of baseband sampling quantization, which relies on the system bandwidth
· DigRF protocol allowance, i.e. the uncertainties at both ends of the DigRF interface.
3. Conclusions

This contribution provides the analysis on the requirements on NR UE transmit timing. The following proposals are given:
Observation 1: The initial UE transmit timing error is impacted by the bandwidth of reference signal(s) for timing tracking.
Proposal 1: At least the following aspects should be considered for RAN4 studying the requirements on NR UE transmit timing adjustment.

· The time drift due to frequency error and UE movements at a speed up to 500km/h.
· The Effect of baseband sampling quantization, which relies on the system bandwidth
· DigRF protocol allowance, i.e. the uncertainties at both ends of the DigRF interface.
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