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1. Introduction
In RAN#58 plenary meeting, a study item for LTE device to device (D2D) proximity services was approved [1]. In a companion contribution [2], we have summarized the status of  the progress made in other RAN working groups (RAN1 and RAN2) for this study item.  

In this contribution, we identity the UE RF aspects for D2D that are impacted based on the current progress of RAN1 and RAN2. In particular, the following aspects are identified that require direction from RAN4:

· In-band emission modeling for D2D system level simulations
· Tx-Rx and Rx-Tx switching time

· Time and frequency synchronization accuracy 
· Receiver dynamic range and AGC setting time
Section 3 summarizes our proposal on the assumptions other RAN working groups should make for these aspects for the purpose of D2D performance evaluation only.

2. Terminal aspects
In-band emission modeling for D2D system level simulations

In RAN1#74, RAN1 sent an LS to RAN4 on UE transmit in-band emissions modeling for D2D system level simulations. A discussion on the LS and our proposed reply is included in our companion contributions [4] and [5], respectively.
Tx-Rx and Rx-Tx switching time

For D2D, UEs transmit and receive the  D2D discovery or communication transmissions on the uplink spectrum (in FDD network) / uplink subframes (in TDD network) subject to the half duplex constraint [6]. This necessitates the need for an assumption on the maximum Tx-Rx and Rx-Tx switching time for D2D capable UEs. As a working assumption, RAN1 has currently assumed 624Ts[6] for both Tx-Rx and Rx-Tx switching time . 
For Tx-Rx switching time, the RAN1 working assumption of 624Ts is consistent with the current requirement of N_TA_OFFSET (offset for timing advance) of  624Ts for LTE-TDD (subsection 8.1 of [7]). N_TA_OFFSET ensures a minimum time available for the UE to switch from Tx to Rx (i.e., when UE is close to the eNB and N_TA = 0). In other words, N_TA_OFFSET corresponds to  max (UETx-Rx, eNBRx-Tx). 
For Rx-Tx switching time, we feel the 624Ts is a realistic assumption. Hence, in our opinion, the working assumption adopted by RAN1 is realistic and consistent with the LTE-TDD requirements.
Proposal 1: Assume 624Ts for both Tx-Rx and Rx-Tx switching time for a D2D UE.

Time and Frequency synchronization accuracy

For public safety applications, D2D discovery and communication are required even when one or more of the participating UEs are outside of network coverage. In this aspect, assumptions on time and frequency synchronization accuracy need to be defined when a UE is operating out of network coverage. 
When in-network coverage, and eNB as the synchronization reference, the UE requirements for timing and frequency synchronization accuracy are specified in TS 36.133 (Section 7.1 in [9]) and TS 36.101 (Section 6.5.1 in [8]), respectively. 
When out-of-network coverage, a UE may derive its timing and frequency using the synchronization reference signals transmitted by either one UE (as in the case of cluster head based synchronization), or more than one UEs. Thus for out-of-network coverage, UE assumptions on the timing / frequency synchronization accuracy w.r.t. the reference UE need to be adopted. We propose that for out-of-network operation, the assumptions for UE timing/frequency synchronization accuracy should be consistent with current requirement for in-network LTE UE. To elaborate, we propose the following assumptions for the purpose of D2D performance evaluation:
Timing error (out-of-network): We propose assuming an initial timing error for an out-of-network UE with respect to the received timing of the reference UE as per Section 7.1 in [9], i.e., within ±24Ts for channel BW of 1.4 MHz, and ±12Ts for channel BWs equal and greater than 3MHz.
If the synchronization design involves receiving timing advance commands from the reference UE, then requirement of Section 7.3 in [9] should be assumed for D2D UE, i.e., relative accuracy better than ±4Ts to the signaled timing advance value.
Frequency error (out-of-network): For out-of-network coverage operation, two requirements related to carrier frequency synchronization accuracy need to be defined: (a) maximum initial frequency error prior to synchronization, and (b) the maximum frequency error after synchronization.
For (a), we propose assuming an initial UE carrier frequency offset of ±5ppm prior to synchronization. For (b), we propose assuming a carrier frequency error within ±0.1 ppm, consistent with TS 36.101 (Section 6.5.1 in [8]).
Proposal 2: When out-of-network coverage, assume an initial timing error as per TS 36.133 i.e., within ±24Ts for channel BW of 1.4 MHz, and ±12Ts for channel BWs equal and greater than 3MHz, with respect to a reference UE used for synchronization. If timing advance commands are received from the reference UE, relative accuracy better than ±4Ts to the signaled timing advance value should be assumed.
Proposal 3: When out-of-network coverage, assume an initial carrier frequency offset of ±5ppm prior to synchronization. Further, assume a carrier frequency synchronization accuracy as per TS 36.101, i.e., within ±0.1 ppm with respect to a reference UE.
Receiver dynamic range and AGC setting time

Most D2D transmissions may not be power controlled; e.g., discovery transmissions where the UE announce their presence at maximum transmit power. The potential receivers can be anywhere between few centimeters to a hundreds of meters away from the transmitter. From the receivers perspective, this leads to a potentially wide range in the received power. Further, the dynamic nature of the D2D environment necessitates considering AGC settling time requirements while coming up a PHY / MAC layer design [6].
For receiver dynamic range, we propose to assume a maximum average received power of -25 dBm, which is consistent with the LTE UE requirement [8].
For AGC setting time, it is observed that the turnaround time from measuring the received power to the desired gain selection taking effect is highly dependent on the receiver architecture. Further, such a requirement is not a part of the current UE requirements. Hence we propose that other RAN working groups should not make any pivoting assumption for the AGC turnaround time (i.e., from receive power estimation through gain selection taking effect).

Proposal 4: Assume a maximum average received power of -25dBm for a D2D UE. No assumption should be imposed for the minimum AGC turnaround time (i.e., from receive power estimation through gain selection taking effect).

3. Conclusion

In this contribution, we identity the terminal aspects that are impacted for D2D discovery/communications (based on the current progress of RAN1/RAN2), and require direction from RAN4. For the purpose of D2D performance evaluation only, we propose the following assumption can be adopted by other RAN working groups for a D2D UE:
Proposal 1: Assume 624Ts for both Tx-Rx and Rx-Tx switching time for a D2D UE.

Proposal 2: When out-of-network coverage, assume an initial timing error as per TS 36.133 i.e., within ±24Ts for channel BW of 1.4 MHz, and ±12Ts for channel BWs equal and greater than 3MHz, with respect to a reference UE used for synchronization. If timing advance commands are received from the reference UE, relative accuracy better than ±4Ts to the signaled timing advance value should be assumed.
Proposal 3: When out-of-network coverage, assume an initial carrier frequency offset of ±5ppm prior to synchronization. Further, assume a carrier frequency synchronization accuracy as per TS 36.101, i.e., within ±0.1 ppm with respect to a reference UE.
Proposal 4: Assume a maximum average received power of -25dBm for a D2D UE. No assumption should be imposed for the minimum AGC turnaround time (i.e., from receive power estimation through gain selection taking effect).
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