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1. Introduction
In RAN1#74bis, an LS was sent by RAN1 requesting information on AGC settling time and frequency error for a typical UE [2]. This information is required in RAN1 for D2D design and simulation study. In RAN4#69, we presented our proposals on the information requested in the LS in [8]. In this contribution, we have refined our proposals from [8] based on the discussions among companies in RAN4#69. 

In the LS [2], the following information is requested for a typical UE for D2D design and simulations:
· AGC settling time and receiver dynamic range
· Initial frequency offset and frequency stability

This contribution is organized as follows: In section 2, we discuss the proposals for AGC settling time and receiver dynamic range, and in section 3, we discuss the proposals for initial frequency accuracy and frequency stability. The draft proposal for the response LS is included in the companion contribution [7] .

2. AGC settling time and receiver dynamic range
For D2D, as highlighted by RAN1, the received energy at the UE may vary significantly across time instants. This is unlike WAN where the variation with time is largely constrained. Thus RAN1 needs to be cognizant of the UE capabilities (w.r.t. AGC settling time and receiver dynamic range) while specifying the signal structure for D2D.
For receiver dynamic range, the typical UE must follow the current requirements of a maximum average received power of -25 dBm, and a minimum received power corresponding to the receiver sensitivity level (e.g., -100 dBm).  Thus, for 10 MHz bandwidth, the typical receiver dynamic range is between 68.5 and 72dB measured at the UE antenna port, in the absence of a blocker signal. The receiver dynamic range after AGC will vary with UE implementation.
For AGC settling time, in our understanding, the information sought by RAN1 includes: (a) the time to receive the window of samples used for estimating the gain, (b) time for estimating and programming the desired gain setting, (c) time the gain setting taking into effect. This is depicted in the figure below (for illustration only; not to scale).
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For (a), we present example simulation results for 10 MHz system to show 10-20us window of samples are sufficient to estimate the energy of the signal with high accuracy. Energy estimation uses accumulation of (I2 + Q2) over the window of samples, and Nyquist sampling (no up-sampling) is assumed. Figure 1 plots the probability that the energy estimate is within 3dB of the actual average energy as a function of time (fs * number of samples used for energy estimation), i.e., P(|Estimated energy in dB – True energy in dB| < 3 dB). Results are shown for three cases: (i) with a Gaussian signal that is not band-limited, (ii) with a narrowband 1 RB SC-FDM signal with QPSK modulation without additive noise (high snr), and (iii) sum of 1 RB SC-FDM signals with QPSK modulation received from 50 UEs, each transmitting on distinct RBs and uniformly distributed within a disc of 500m around the receiver UE (to simulate varying power). Figure 2 shows an example snapshot of the three signal types. As can be observed from the results, the narrowband signal forms the worst-case due to the slow rate of change, and requires around 12 us for the energy estimate to be within 3dB with a probability of 99%.
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Figure 1: Probability that energy estimate is within 3dB of the true energy as a function of time (fs * number of samples used for energy estimation).
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Figure 2: Example snapshot of waveforms simulated.


For (b)+(c), the time required is dependent on the receiver architecture. In our assessment, the total AGC settling time (i.e., (a) + (b) + (c)) is expected to be less than 70us (one symbol). Hence we propose that RAN1 should assume an AGC settling time of 70us.

Note the AGC design used for LTE DL is likely to not be applicable for D2D since there is no single point of transmissions. For LTE DL, a natural AGC design is based on CRS energy estimation since the total subframe power is within a finite offset from the CRS power that can be estimated with high accuracy. Further, given the single point of transmission (eNodeB), the variations in power with time are largely limited and long term averaging for AGC is feasible. For D2D, the AGC is required to deal with the potentially large variations in received energy across subframes with possibly no prior knowledge of the expected energy (based on design). 

Proposal 1: RAN should assume a receiver dynamic range between 68.5 dB and 72 dB for a typical LTE UE in a 10 MHz bandwidth, in case of no blocker signals e.g. transmissions from other UEs. Otherwise the dynamic range shall be smaller due to AGC and vary with UE implementation.
Proposal 2: RAN1 should assume an AGC settling time of 70us if an LNA gain change is required. AGC settling time includes time needed for energy estimation, time needed for application of AGC gain, and time needed for the new AGC gain to take effect.
3. Initial frequency offset and frequency stability
The frequency accuracy and stability of the crystal oscillator used in the UE leads to the error in carrier frequency. For D2D, synchronization signals transmitted by the UE (e.g., when out-of-network coverage) need to be designed in view of the typical frequency error among UEs.
The proposals made in this section are based on a survey of some commercially available TCXO (and XO after field calibration and operating under normal temperatures of [-10, 75] degrees Celsius) that are of GPS quality. Datasheets for some of the components surveyed are available at [3], [4], [5].
The initial frequency offset arises due to the following artifacts: (i) frequency tolerance, (ii) frequency drift due to temperature, voltage, and load, and (iii) frequency drift due to aging. The frequency stability refers to the frequency drift due to changes in temperature, voltage, load, and aging. To exemplify, focusing on frequency dependence on temperature, the initial frequency offset at a given temperature is the absolute error in frequency (i.e., ∆f/f expressed in ppm), and the frequency stability is the slope of the frequency-temperature curve at that temperature (expressed in ppb/degrees Celsius). To express the frequency stability w.r.t. time, we assume a worst-case temperature gradient of 0.5 degrees Celsius/sec.
For a TCXO (or an XO after field calibration and operating under normal temperatures of [-10, 75] degrees Celsius), the initial frequency offset is typically within ± 5ppm. The frequency stability with variations in temperature, voltage, and load is typically within ±40ppb/sec. 
In RAN4#69, it was noted that we should also consider digitally controlled MEMS oscillator (DCXO) where a achieving a frequency offset within ± 5ppm might be difficult, and hence ±10 ppm should be considered.  In our assessment, a frequency stability of ±40 ppb/sec can still be met. 

Hence, we propose that RAN1 should assume a worst-case initial frequency offset of ±10 ppm, and worst-case frequency stability of ±40 ppb/sec.

Proposal 3: RAN1 should assume an initial frequency offset for a typical UE to be within ±10 ppm.
Proposal 4: RAN1 should assume the frequency stability for a typical UE to be within ±40 ppb/sec.

4. Conclusion

In this contribution, we present our proposal for the information being requested in the LS [2]:
Proposal 1: RAN should assume a receiver dynamic range between 68.5 dB and 72 dB for a typical LTE UE in a 10 MHz bandwidth, in case of no blocker signals e.g. transmissions from other UEs. Otherwise the dynamic range shall be smaller due to AGC and vary with UE implementation.
Proposal 2: RAN1 should assume an AGC settling time of 70us. It is preferred to have a design wherein energy variations can be predicted when possible to ease AGC implementation.

Proposal 3: RAN1 should assume an initial frequency offset for a typical UE to be within ±10 ppm.

Proposal 4: RAN1 should assume the frequency stability for a typical UE to be within ±40 ppb/sec.
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