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1.
Introduction

Based on discussions for device-to-device (D2D) simulation of Proximity Services (ProSe) in RAN1#74bis, an LS has been sent to RAN4 [1] to evaluate the impact of AGC settling time, receiver dynamic range as well as initial frequency offset error and frequency stability for a typical D2D UE. These issues were discussed at RAN4#69 [4], and RAN4#70. At RAN4#70 an agreement was reached assuming an initial frequency offset error for a typical UE to be within ±10ppm [6].  However no consensus could be reached on the typical UE frequency stability. This contribution further discusses the issue of the frequency stability and proposes a reply to the LS. For reference, the details of the original RAN1 LS [1] are copied below:
AGC

RAN1 is studying mechanisms for D2D discovery and communication.  Unlike LTE UL, there is no single point of reception (i.e. eNodeB) for D2D. As a consequence, D2D transmissions may not be power controlled to any single UE. This may potentially lead to significant received power variation from one time instant to another for a D2D UE. Hence, RAN1 would like to seek guidance from RAN4 on AGC settling time and receiver dynamic range for a typical UE. 
Frequency Error

RAN1 is studying mechanisms for UEs that are out of the network coverage to communicate with each other. For this case of no network coverage, RAN1 is investigating methods for UEs to directly synchronize with each other. RAN1 would like guidance from RAN4 on what initial range of frequency offsets (before the synchronization) RAN1 should assume for a typical UE, and also the frequency stability to assume. 
2. Actions:

To RAN4: RAN1 respectfully asks RAN4 to provide feedback on the issues raised in this LS.
This contribution discusses the dependencies of initial frequency offset and frequency stability in a UE and proposes a value of frequency stability for a typical D2D UE.

2. Discussion
RAN1 has enquired as to the performance of a typical UE with regard to initial frequency offsets in the context of D2D UEs being employed for discovery and communication.  The initial frequency offset for an unsynchronized UE will depend on a number of factors including the aging and temperature of the oscillator in the UE. Furthermore the complexity of the design of any compensation circuitry will vary with the UE category and cost of the UE, so it is difficult to provide a single value for a typical UE. For the purposes of the discussion for D2D transmissions, it is assumed that the D2D device was recently synchronized to the network and that frequency stability variation due to aging is not significant. It is also assumed that any frequency error due to relative Doppler between the UEs involved in the D2D communication is separately compensated for.
With respect to the variation in frequency stability due to temperature variation of the oscillator in the UE, the variation in frequency stability can depend on a number of factors of the UE module design including the choice of the oscillator itself, the shielding of the circuitry as well as the thermal gradients at PCB containing the oscillator. As such the component of frequency stability due to UE oscillator temperature variation can take on a range of values. Typical variation in frequency stability with frequency is on the order of 0.2 ppm/degree. As discussed above the variation in temperature at the UE oscillator can depend on a number of factors, but a reasonable typical value is 0.5 degree/second. This would result in an overall component of frequency error due to temperature variation of 0.1 ppm over a second.
Based on the above assumptions for most UE designs with a no more than a few years aging and normal temperatures (defined in TS 36.101, annex E [3]) , the component of frequency stability due to temperature variation will typically be on the order of 0.1 ppm over a second. It should be noted that overall frequency  stability budget of the UE is still  be assumed to be +/- 0.1 ppm over a 0.5 msec interval.
Proposal

For a typical UE in D2D communications, RAN1 employ a frequency stability of  +/- 0.1 ppm over a 0.5  msec interval. The component of the frequency error due to temperature variation at the UE oscillator will be on the order of 0.1 ppm over a second.
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Conclusions
Proposal

For a typical UE in D2D communications, RAN1 employ a frequency stability of  +/- 0.1 ppm over a 0.5  msec interval. The component of the frequency error due to temperature variation at the UE oscillator will be on the order of 0.1 ppm over a second.
A draft LS covering these conclusions is provided in [2].
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