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1.
Introduction

At the RAN1#77 meeting, an LS clarifying the impact of  a D2D UE supporting multicarrier capabilities was sent to RAN4 [1]. For reference the details of the LS are provided below: 
Working assumption with a condition to reception of reply LSs:
· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
RAN1 would like to ask RAN4:
· RAN1 asks feasibility and implication of simultaneous reception of cellular on DL spectrum and D2D associated UL spectrum for FDD band
· RAN1 asks feasibility and implication of single receiver chain switching between cellular spectrum and D2D reception associated UL spectrum for FDD band
2.
Simultaneous reception at UE of DL cellular and UL D2D
As detailed in [2], there are 3 possible coverage scenarios for D2D communication as detailed below and illustrated in Figure 1.

-
In-network coverage. In this scenario all UEs communicating are under LTE coverage.

-
Out-of-network coverage. In this scenario no UEs communicating are under LTE coverage.

-
Partial coverage. In this scenario at least one UE communicating is under LTE coverage, and at least one UE communicating is not under LTE coverage. This corresponds to the UE-to-network relay priority defined in [2].
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Figure 1 – The defined coverage scenarios. From left to right: Partial (UE relay) coverage, In-network coverage, and Out-of-network coverage.
Furthermore, as discussed in [2] and [3] potential intra-frequency D2D interference can occur as co-channel interference - i.e. collisions between transmitted RBs within the system bandwidth, as well as interference from D2D inband emissions from the transmitting RBs within the system bandwidth into RBs adjacent to those RBs being employed for the desired transmission. It was also shown that both inter-device and intra-device interference across a number of channels including PUCCH and PUSCH channels could occur.
Simultaneous reception of DL WAN transmissions and UL D2D transmissions at the UE is illustrated in Figure 2. 
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Figure 2: Simultaneous reception of DL WAN and UL D2D transmissions at a D2D UE

For in-coverage scenarios, for a D2D UE to have simultaneous reception of both D2D and legacy cellular transmissions (i.e. WAN), the D2D UE will need to have duplicate receive chains and oscillators down to baseband. From the receiving UE perspective this scenario is similar to the reception of DL carrier aggregation transmissions with 2 DL frequencies. Furthermore, depending on the duplex distance between the received WAN transmission in the FDD DL band and the received D2D transmission in the FDD UL band, one could  model this scenario in a similar manner to that of an in-band non-contiguous CA architecture. In such a case, one could use a diplexer on the secondary path, since the diplex distance will be relatively be small.
It is expected that ACS and inband blocking will both be impacted at the D2D UE by the simultaneous reception of WAN transmissions in the DL FDD band and D2D transmissions in the UL band. One of the issues that needs to be investigated is whether the duplexer in the D2D UE receiver can discriminate near-far type problem between the two paths – i.e. is performance going backwards through the filter the same as in the forward direction. Some additional matching may be required, but it is expected that a solution is achievable.
Observation #1
· For a D2D UE to have simultaneous reception of both D2D and legacy cellular transmissions (i.e. WAN), the D2D UE will need to have duplicate receive chains and oscillators down to baseband.

Observation #2

· Simultaneous reception of an FDD cellular WAN transmission on the DL and a D2D FDD transmission on the UL can be modelled as the reception at the D2D UE of in-band non-contiguous CA transmissions.
3
Impact of Single Receive Chain in D2D UE 
In FDD deployments, since D2D UE’s receive D2D transmissions in the UL FDD band, and receive WAN transmissions in the DL FDD band, D2D UE’s which employ a single receive chain will need to switch between the FDD UL band versus the FDD DL when receiving D2D versus WAN transmissions. The switching between bands will need to accommodate not only the delay of the physical switch but also the possible delay in frequency switching times and AGC settling times. Under the assumption of a single receive chain in the D2D UE it is further assumed that the receive chain employs a single frequency oscillator and associated phase lock loop (PLL) circuitry. Use of a single PLL and associated single frequency oscillator will require that sufficient time be allocated for settling of the PLL to the new frequency when switching between D2D versus WAN receive frequencies. In order to reach a typical LTE frequency stability of 0.1 ppm, a typical PLL will require 200-300 usec to settle.

In addition to allowing the PLL to reach a stable frequency upon switching, the D2D UE transceiver switching will also need to allow the AGC circuitry of the D2D UE transceiver  to settle. The minimum AGC settling time will be at least 1 symbol and can be up to 2 to 3 LTE symbols [4]. Combining the PLL and AGC settling time, the total typical switching time for the D2D-to-WAN receive switching will be on the order of 0.5 msec or 1 slot of an LTE subframe. 

It should be noted that the above discussion does not take into account possible differences in propagation delay between the D2D UE and the serving eNB of the WAN transmissions.
Observation #3

· Use of a single PLL and associated single frequency oscillator will require that sufficient time be allocated for settling of the PLL to the new frequency when switching between D2D versus WAN receive frequencies. In order to reach a typical LTE frequency stability of 0.1 ppm, a typical PLL will require 200-300 usec to settle.
Observation #4

· The minimum AGC settling time will be at least 1 symbol and can be up to 2 to 3 LTE symbols.

Proposal #1
· For D2D UE’s with a single receive chain the required implementation margin for switching between D2D and WAN reception is nominally 1 LTE slot or 0.5 msec in each direction (i.e. D2D-to-WAN or WAN-to-D2D).
3
Conclusions
The following observations and proposals should be taken into consideration for D2D UE’s that receive both D2D and WAN transmissions.
Observation #1
· For a D2D UE to have simultaneous reception of both D2D and legacy cellular transmissions (i.e. WAN), the D2D UE will need to have duplicate receive chains and oscillators down to baseband. ACS and inband blocking requirements of the D2D UE will be impacted.
Observation #2

· Simultaneous reception of an FDD cellular WAN transmission on the DL and a D2D FDD transmission on the UL can be modelled as the reception at the D2D UE of in-band non-contiguous CA transmissions.
Observation #3

· Use of a single PLL and associated single frequency oscillator will require that sufficient time be allocated for settling of the PLL to the new frequency when switching between D2D versus WAN receive frequencies. In order to reach a typical LTE frequency stability of 0.1 ppm, a typical PLL will require 200-300 usec to settle.

Observation #4

· The minimum AGC settling time will be at least 1 symbol and can be up to 2 to 3 LTE symbols.

Proposal #1
· For D2D UE’s with a single receive chain the required implementation margin for switching between D2D and WAN reception is nominally 1 LTE slot or 0.5 msec in each direction (i.e. D2D-to-WAN or WAN-to-D2D).
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