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1.
Introduction
In this contribution, we provide our recommendations on candidate L1 enhancements for the introduction of D2D discovery into LTE networks.

We first discuss several important design aspects important to consider when introducing in-band D2D discovery into LTE networks and when operating under network coverage.

We propose to support D2D discovery in LTE by using cellular UL radio resources, evaluating reuse of existing UL signals/channels and using TDM/FDM based multiplexing on a per-subframe basis for cellular UE’s and D2D UE’s.

In the second part of this contribution, we present and discuss system-level performance results for D2D discovery when using RACH vs. SRS-like discovery signals.
Design considerations and techniques to support D2D communication based on LTE are discussed in our companion contributions [4][5].

2
Principles of in-band D2D discovery in LTE
Design considerations

It is highly desirable to use UL radio resources for D2D discovery and communications in LTE. This means in-band D2D discovery and communication should be supported using the FDD UL frequency or using TDD UL subframes. Several reasons favor such an approach [4],

· Reuse of existing LTE UE RF transceiver implementations and existing applicable RF requirements,

· Interference protection for LTE networks providing coverage due to absence of severe D2D interference paths,

· Regulatory constraints when operating on licensed bands in presence of D2D UE transmitters,

· Minimized core and RF specification impacts from the introduction of D2D into LTE radio access.

Furthermore, introduction of D2D for LTE based radio access should allow meeting several important design objectives when operating under network coverage in presence of commercial LTE infrastructure,

· Full network control, i.e. scalable and deterministic resource assignments to D2D UE’s on a per-need basis,

· Minimum changes to existing LTE eNB’s, i.e. independent DL/UL scheduling for cellular and D2D traffic domains

· Feature independence, i.e. D2D discovery can serve both network-assisted and network-integrated D2D modes

It can be said that an allocation granularity of 1 UL subframe lends itself easily to eNB controlled resource allocation for D2D discovery and for TDM multiplexing with cellular LTE UL transmissions. Furthermore, most LTE transmission procedures such as UL Tx power control, UL HARQ and DL A/N procedures or link adaptation operate on a per-subframe basis.

This is already indicative of the fact that it is significantly easier to develop LTE features in support of D2D discovery using a per-subframe allocation granularity.
UL subframe based Tx opportunities for D2D discovery signals
D2D transmission opportunities are semi-statically reserved by the eNB through use of cell-specific and semi-static RRC configurations. Using the example in Figure 1, D2D transmission opportunities are reserved for transmission of D2D discovery signals by means of RRC configured intervals, ex: 1 UL subframe is allocated frame over a period of 4 frames and this pattern recurring every 20 radio frames.
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Figure 1: Transmission of D2D discovery signals in semi-static D2D Tx Op’s using dynamic eNB UL grants
It should be understood that semi-static reservation of D2D transmission opportunities by the eNB is still followed by dynamically eNB issued grants for the actual transmission of D2D discovery signals.

The semi-static reservation and dynamic allocation principle for the D2D Tx Op’s is somewhat similar to the principle of R8 semi-static and cell-specific SRS allocations which are then subject to the dynamic SRS allocation mechanism introduced in R10.

Multiplexing of cellular UE’s and D2D UE’s in shared UL subframes
D2D transmission opportunities are semi-statically reserved and dynamically assigned to transmitting and receiving D2D UE’s by the eNB. In any normal UL subframe, cellular UE’s will as before transmit UL signals / channels (PUCCH, PUSCH, SRS) to the eNB, i.e. TDM between cellular UL and D2D transmissions.

On the other hand, it is undesirable that semi-statically reserved UL subframes for D2D are not accessible to cellular UE’s for two reasons.

Firstly, if PUCCH in a D2D reserved UL subframe n can’t be transmitted by a cellular UE, this would force the eNB to impose DL scheduling restrictions onto the corresponding DL subframe n-4 which would clearly penalize DL data rates for cellular UE’s and LTE DL system throughput. Secondly, semi-statically reserved D2D subframes would go unused in case no transmission of D2D discovery signals is scheduled.

Therefore, multiplexing of cellular UL traffic and D2D discovery signals from different UE’s in the same shared UL subframe by means of FDM should in principle be supported.

When multiplexing cellular UL and D2D transmitters through FDM in shared UL subframes, existing 3GPP in-band emission masks will result in problems for D2D receivers to demodulate D2D communications in presence of a high-power cellular UL transmitter.

How severely D2D receivers will be affected will depend on several factors,

· Relative Tx power difference between cellular UL and D2D transmitters in the shared UL subframe,

· Interfering signal type (PUCCH or PUSCH),

· RB allocation bandwidth and location for cellular PUSCH and D2D PUSCH respectively

Interference from cellular PUCCH when demodulating a D2D discovery signal in a shared subframe is somewhat more easily controlled. This is due to the signal structure of PUCCH and because of the limited possibilities for PUCCH allocation at the edge of the UL system BW.

We think at least multiplexing of cellular PUCCH and D2D discovery signals from different UE’s should be supported in such shared UL subframes. This has the advantage that DL scheduling can remain independent from UL scheduling from the eNB perspective. To what extent and subject to which limitations cellular PUSCH and D2D PUSCH from different UE’s can also be supported in shared UL subframes should be evaluated in the SI by taking 3GPP in-band emission mask into account.

We note that problematic allocations of cellular UL UE’s and D2D transmitter-receiver pairs in the shared UL subframes can in principle be resolved by allocating different UL subframe sets for interfering devices. In addition, interference can be somewhat mitigated through Tx power control by the eNB on the cellular UL and D2D link respectively.

We summarize our views on multiplexing cellular UL and transmissions of D2D discovery signals in Figure 2.
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Figure 2: Multiplexing of cellular UL and D2D discovery signals on UL resources
Similar to the case of multiplexing cellular UL and D2D transmission from different UE’s in shared UL subframes, support for simultaneous PUCCH transmission to the eNB while transmitting a D2D discovery signal from the same UE is desirable to preserve the principle of independent DL and UL scheduling by the eNB.

However, we do not think that such a capability should be assumed as baseline for D2D capable UE’s, given that support for non-contiguous UL is not a mandatory feature for existing LTE equipment.

Multi-step D2D discovery procedure when under LTE network coverage
Many operational assumptions regarding D2D discovery in network-assisted and network-integrated D2D mode are still under discussion. We assume here for evaluation purposes that D2D discovery is done in a 2-step procedure where first a L1 D2D discovery signal is transmitted without payload, followed as necessary by a D2D service discovery data exchange (Figure 3).
1. eNB configures cell-specific D2D Tx opportunities through RRC signaling

2. eNB configures discovering D2D UE’s for monitoring D2D Tx opportunities
3. eNB dynamically assigns D2D UE’s to transmit their discovery signals, i.e. implicit signal identity and no payload
4. Discovering D2D UE’s report back to eNB any identified D2D discovery signal(s)

5. Possibly, D2D service discovery between D2D peer UE’s by using D2D PUSCH or through eNB with payload
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Figure 3: 2-step D2D discovery procedure
It is therefore important to distinguish between the initial transmission of a D2D discovery signal and any subsequent signaling done for the purpose of D2D service discovery. It can be said that the 2-step D2D discovery procedure is similar to the principle of RACH message 1 and 3 in LTE.

D2D discovery signals sent in Step 3 are implicitly identified by sequence ID’s linked to the signal structure and they do not carry payload. Subsequently, in Step 5, D2D service discovery with payloads in the order of some 100 to several 100’s bytes is done either through the cellular DL/UL, or on D2D PUSCH if supported. The payload to be received by D2D UE’s as part of the D2D service discovery procedure would typically include authentication, service identifiers and configuration information.
Summary:
1. D2D discovery is supported using UL subframes

2. Semi-static configuration of D2D transmission opportunities subject to dynamic scheduling by the eNB

3. Cellular UL transmissions (PUCCH, PUSCH) and D2D discovery occur in different subframes, i.e. TDM

4. Cellular UL PUCCH and D2D discovery signals from different UE’s can occur in the same UL subframe, i.e. FDM. Support of cellular UL PUSCH and D2D discovery signals in shared UL subframes is FFS.

5. A D2D capable UE can either transmit D2D discovery signal or it can transmit a PUCCH or PUSCH to the eNB in any given subframe, i.e. no simultaneous transmission of cellular UL and D2D discovery signals.

6. D2D discovery is a 2-step procedure similar to LTE RACH, i.e. signal identification followed by data payload
7. Initial D2D discovery signals do not carry payload

3
D2D discovery signals and evaluation results
Generally speaking, D2D discovery will rely on the transmission of some form of signature sequence or a known signal pattern during the allocated D2D Tx opportunities in UL subframes. It is possible to consider both existing LTE transmission formats and new signaling formats as D2D discovery signals.

RACH preambles and SRS are two suitable candidates for D2D discovery signaling given that their performance is known and that they are already implemented in the UE UL transmitter chain.
Use of either RACH or SRS would not result in any change for Tx side RF requirements to support D2D discovery signals in LTE. New signaling formats may offer the potential for better trade-off’s in terms of D2D multiplexing capacity and to reduce detection complexity in presence of many candidate D2D discovery signals.
Using RACH preamble format 0 as example, signal energy per D2D transmission opportunity is 10.5 dB higher than using SRS which occupies 1 OFDM symbol. Using existing RACH preambles, 64 preamble sequences can be made available per D2D transmission opportunity. Use of SRS is more energy efficient given that only 1 OFDM symbol is used and up to 8 different users can transmit simultaneously. However, Tx/Rx switching delays become non-negligable when compared to the small duration of the SRS carrying OFDM symbol which may affect PUSCH/PDSCH demodulation when tuning to D2D transmission opportunities.

There is therefore a fundamental trade-off in terms of D2D multiplexing capacity, discovery range and probabilities for successful and missed acquisition when looking at RACH vs. SRS-like signals for D2D discovery.
It can be said that use of either RACH preambles or SRS can be done through minimum modifications to existing LTE UL transmissions. For example, RACH preambles in 6 RB’s BW can be used as D2D discovery signals by choosing UL subframes that are not allocated through one of the existing RACH configurations, or separate D2D RACH regions can be used in case of shared subframes for cellular UL and D2D.
In order to illustrate the trade-off between RACH preambles and SRS as D2D discovery signals in terms of interference resilience, discovery range and acquisition probabilities, we evaluated detection performance for a simplified system-level setup (Figure 4).
We assume that the same D2D transmission opportunities are reserved in all cells in the deployment, i.e. cellular UL traffic and D2D discovery signals are orthogonalized in time-domain, i.e. no mutual interference from co-scheduling data and D2D discovery signals.
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Figure 4: System-level evaluation for RACH or SRS based D2D discovery signals and interference modeling
For the example of RACH based D2D discovery signals, intra-cell interference from D2D discovery signals is incurred when different ZC root sequences are used, which is possible if the number of dropped UE’s becomes large. Inter-cell interference is incurred from UE’s in neighbor cells/sectors and will depend on the distance of those interfering UE’s and increase with increasing UE density.

UE’s are dropped with uniform probability into the cell/sector area with the UE density varied from 8-300 per sector. The deployment contains 19 sites with 3 sectors per site and ISD 500m. UE speed is 3 km/h. We use InH NLOS channel model. UE noise figure is 9dB. 1 Tx and 2 Rx antennas are used.

Evaluation results are presented in Figures 5 and 6.
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Figure 5: CDF for 95% detection range for RACH (left) and SRS (right) based D2D discovery signals
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Figure 6: Average probability of detection versus number of simultaneously transmitting D2D UE’s per sector
For the example of RACH based D2D discovery signals, it can be seen that if the number of simultaneously transmitting D2D UE’s is smaller than the number of detectable discovery signals for the same root sequence (e.g. Ns = 30 and 60), there is no significant intra-cell interference and the inter-cell interference dominates. When more root sequences need to be assigned, intra-cell interference increases up to a point where it becomes the dominating interference contribution.

Intra-cell interference is almost always the dominating interference contribution in case of SRS based D2D discovery signals due to the limited number of available orthogonal signals.

As expected, RACH based D2D discovery signals can in principle achieve a much better probability of detection for a given target discovery range and can support almost twice the detection range of SRS based D2D discovery signals for the same number of transmitting UE’s.

Summary:
8. D2D discovery signals re-using LTE RACH preambles and SRS should be evaluated in the D2D SI.
4
Conclusions and Recommendations

In this contribution we discuss several important design aspects important to consider when introducing in-band D2D discovery into LTE networks and when operating under network coverage.

We propose to support D2D discovery in LTE by using cellular UL radio resources and using TDM/FDM based multiplexing on a per-subframe basis for cellular UE’s and D2D UE’s. We present evaluation results for RACH and SRS based D2D discovery signals in a simplified system setup.

Summary:
1. D2D discovery is supported using UL subframes

2. Semi-static configuration of D2D transmission opportunities subject to dynamic scheduling by the eNB

3. Cellular UL transmissions (PUCCH, PUSCH) and D2D discovery occur in different subframes, i.e. TDM

4. Cellular UL PUCCH and D2D discovery signals from different UE’s can occur in the same UL subframe, i.e. FDM. Support of cellular UL PUSCH and D2D discovery signals in shared UL subframes is FFS.

5. A D2D capable UE can either transmit D2D discovery signal or it can transmit a PUCCH or PUSCH to the eNB in any given subframe, i.e. no simultaneous transmission of cellular UL and D2D discovery signals.

6. D2D discovery is a 2-step procedure similar to LTE RACH, i.e. signal identification followed by data payload

7. Initial D2D discovery signals do not carry payload

8. D2D discovery signals re-using LTE RACH preambles and SRS should be evaluated in the D2D SI.
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