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

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

We propose to support D2D communications in LTE by using cellular UL radio resources, reusing PUSCH for D2D, and using TDM/FDM based multiplexing on a per-subframe basis for cellular UE’s and D2D UE’s. We also discuss the related question whether simultaneous non-contiguous UL transmissions from a D2D UE (ex: PUCCH to eNB and D2D PUSCH) in an UL subframe should be required or supported.

In the second part of this contribution, we discuss the different approaches to support HARQ for D2D communication.

In the third part of this contribution, we briefly consider several additional design aspects for D2D communication using LTE based radio access in order to support public-safety scenarios and when operating outside network coverage.
2
In-band D2D communication 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 communication 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 communication using a per-subframe allocation granularity.
UL subframe based Tx opportunities for D2D communications and D2D PUSCH
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 bi-directional D2D communication 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.

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 D2D PUSCH transmissions. 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.
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Figure 1: Semi-static reservation of D2D transmission opportunities for dynamic grants under eNB control

When using UL radio resources for D2D communication, it is possible to consider using either PUSCH or PDSCH transmission formats.
Even if a localized PDSCH transmission format was used for D2D communications in UL radio resources, density and distribution of pilots according to the CRS based PDSCH transmission formats would clearly not be sufficient in terms of expected channel estimation performance. Pilot tones following the existing CRS patterns would not be available outside the allocated UL transmission bandwidth for the D2D UE.
If DMRS based PDSCH transmission formats were used for D2D communications, then channel estimation performance using only the allocated D2D RB’s is sufficient. However, the absence of the DFT-S precoder impacting the UE UL PA design, more difficult eNB side implementation, coexistence problems when also supporting cellular UL transmissions using PUSCH in D2D subframes and changes to applicable RF performance requirements for UE and eNB would still result in significant work that can simply be avoided when using PUSCH for D2D communication.
In summary, we think that using the existing PUSCH transmission format is inherently more suitable for UE D2D communications than using PDSCH.

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 subframes which are not semi-statically reserved for D2D transmissions, 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 D2D traffic is scheduled.
Therefore, multiplexing of cellular UL traffic and D2D communications 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 D2D PUSCH 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 PUSCH 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 D2D transmissions from different UE’s in Figure 2.
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Figure 2: Multiplexing of cellular UL and D2D UE’s on UL resources
Support of simultaneous cellular and D2D UL transmissions from D2D transmitting UE’s
Closely related to multiplexing of cellular UL and D2D transmissions from different UE’s in shared UL subframes is the question whether simultaneous cellular UL transmission and D2D PUSCH from the same UE should be allowed.

For a UE transmitting D2D PUSCH, the simultaneous transmission of PUCCH or PUSCH to the eNB in any given UL subframe results in the same limitations already observed in R10 when non-contiguous UL is supported. Basically, in presence of UL Tx power control, the resulting power backoff for concurrent PUCCH and PUSCH from the same UE transmitter may be in the range 2-5 dB depending on the band. In consequence, D2D UE’s supporting simultaneous UL transmission of PUCCH to eNB and D2D PUSCH would be penalized by a reduced link budget for the D2D PUSCH if the R10 principle of PUCCH prioritization is followed.

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 PUSCH 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.

Summary:
1. D2D communication is supported using UL subframes
2. PUSCH is used for D2D communication
3. Semi-static configuration of D2D transmission opportunities subject to dynamic scheduling by the eNB

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

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

6. A D2D capable UE can either transmit D2D PUSCH 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 PUSCH.
3
HARQ design for D2D communication

It can be expected that the typical communications range for D2D will vary widely for commercial D2D and public-safety uses cases. It should be considered that the required coverage for D2D PUSCH may only be in the order of several 100’s of m for many commercial D2D applications. On the other hand, public-safety applications using LTE based radio access will easily result in the requirement to support a communications range in the order of km.
When PUSCH is used for D2D communications, it is clear that the useful signal energy that can be collected by the D2D receiver when only using single subframe transmissions with either the 23 dBm commercial UE power class or the 33 dBm public safety UE power class is limited in terms of achievable coverage. Simple repetition of a D2D PUSCH in multiple subframes is a conceptually simple means to accumulate more useful signal energy by the D2D receiver and to extend range. HARQ offers additional and very significant link-level gains in the order of several dB matching the instantaneous channel coding rate to the SINR observed over the transmission duration of the HARQ process for the data packet. The use of HARQ is even more essential from the perspective of system level spectral efficiency.

In consequence, HARQ for D2D PUSCH transmissions should be supported.
In order to support HARQ on D2D communication links, two different approaches are possible, referred to as Indirect vs. Direct HARQ in Figure 3. 
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Figure 3: Principle of Indirect or Direct HARQ feedback for D2D communication
Direct HARQ for the D2D communication link relies on the principle that A/N corresponding to the D2D PUSCH is sent back from the D2D receiver UE to the D2D transmitter UE in allocated D2D UL subframes. Indirect HARQ for the D2D communication link is based on the principle that A/N as determined by the D2D receiving UE is first sent to the eNB using the cellular UL and the eNB relays this A/N to the D2D transmitting UE using the cellular DL.

It is clear that these two different approaches, Indirect vs. Direct HARQ for D2D communication links result in very different consequences on radio resource utilization and in different operational constraints for signal design (Figure 4).
Indirect HARQ for the D2D communication link can only be supported in presence of a central controller node. When operating under LTE network coverage, indirect HARQ for D2D communication across cell/sector borders can be supported only if neighbour eNB’s are centrally scheduled from the same site or from the same BBU. However, indirect HARQ offers the significant advantage that existing LTE DL and UL signals can be re-used with minimal changes and specification impacts. A/N is sent from and to both D2D UE’s using cellular UL and DL spectrum and allocated D2D UL subframes are only used for the purpose of D2D PUSCH transmission. For the example in Figure 4, a D2D receiving UE would transmit A/N using PUCCH to the eNB, the only change being the need to specify PUCCH resource allocation. Similarly, when the eNB relays this A/N to the D2D transmitting UE, PHICH can be re-used, requiring only resolution of PHICH collisions as a function of the HARQ transmission timelines when multiplexing cellular UE’s. It is worth noting that both D2D receiving and transmitting UE’s will transmit and receive using the cellular UL and DL subframes and therefore can be scheduled by the eNB even in these subframes. Link performance for all signals is unchanged when compared to existing LTE. D2D HARQ transmission timelines may need to be extended, i.e. be larger than n+8, but still would correspond to HARQ timelines observed for TDD.
Direct HARQ is an approach that is not dependent on LTE network coverage and lends itself more easily for use in Public Safety scenarios and in particular DMO, i.e. AdHoc mode of operation. Use of direct HARQ for the D2D communication link results in that the D2D transmitting UE will also need to tune to the UL frequency for A/N reception. Therefore, inability to demodulate the cellular DL as a function of D2D PUSCH transmission activity increases when compared to Indirect HARQ. For the example in Figure 4, the D2D receiving UE transmits a D2D PUCCH carrying A/N using allocated D2D UL subframes. HARQ transmission timelines can in principle follow those of existing LTE.
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Figure 4: Transmission procedures with Indirect or Direct HARQ feedback for D2D communication
Channel assignment protocols should be considered independent from the principles of indirect vs. direct HARQ.

When operating under LTE network coverage, UL grants for D2D UL subframes can be sent by the eNB to both the D2D transmitting and receiving UE’s. This avoids the need to introduce a new channel allocation protocol for D2D communication links in-between D2D UE’s and leaves allocation of D2D UL subframes under full control of the eNB. 
Clearly, to avoid the need for inband signalling on the D2D PUSCH, UL grants for D2D UL subframes must be known both by the D2D transmitting and by the D2D receiving UE. For the examples in Figure 4, either duplicated UL grant DCI’s or a single shared DCI can be used to allocate a D2D PUSCH. Alternatively, a D2D DL Common Control Channel can be considered. It is desirable to maintain the principle of synchronous HARQ for the D2D communication link in case of such eNB controlled channel assignments.

In summary, we think that Indirect HARQ with eNB UL grants to both the D2D transmitting and receiving UE D2D communications is an approach that minimizes impacts from introducing in-band D2D communication into LTE networks when operating under network coverage. Direct HARQ and D2D channel allocation protocols between D2D UE’s are necessary to support Public Safety use cases in particular when using DMO.
Summary:
7. D2D communication links support HARQ

8. Both indirect and direct HARQ approaches for D2D communication links should be evaluated in the SI
9. When under LTE network coverage, D2D resource allocation is based on the principle of eNB controlled UL grants
4.
Public Safety and out-of-network coverage

Supporting public safety use cases with LTE based radio access results in many changes to commercial LTE implementations, both for UE’s and network infrastructure nodes, most of which are due to the complete absence of CN LTE infrastructure nodes for public safety type of applications.
It should be considered that from the LTE radio perspective, two different modes of operation will need to be supported, TMO and DMO.

Trunked Mode (TMO) is to some extent comparable to the LTE network coverage case, i.e. an AdHoc base station is deployed in the incident area. Some NAS functionality is implemented on such an AdHoc base station and PS UE’s connect to the base station. Connection establishment, radio resource allocation and D2D communication can in principle follow the approach taken for commercial LTE infrastructure, i.e. use of DL and UL frequencies to establish communication paths from/to PS UE’s through the AdHoc base station. If D2D communication between PS handsets is supported, it is feasible to assume operation according to the principles of D2D communication when operating under LTE network coverage. Additional factors to consider are support for relaying functionality by D2D devices.

Direct Mode (DMO) is characterized by complete absence of base stations that arbitrate channel access and usage. PS UE’s will need to announce their presence in an incident area, arbitrate channels amongst themselves, and will need to setup and run D2D communications amongst themselves to operate communication paths. Clearly, to support public safety use cases at sufficient range, some form of HARQ is needed and HARQ procedures can only rely on direct HARQ feedback. Similarly, channel reservation protocols become necessary in order to bar D2D transmission resources from being used by other D2D links in the vicinity. It may be expected that PS UE’s operating in DMO will not use full-duplex FDD.

In summary, we think that support of public safety use cases in DMO will require a very significant additional amount of functionality, protocol design and evaluation to support discovery, channel arbitration and channel allocation between PS devices. To support public safety in TMO, most operating principles and design approaches for D2D communication when under LTE network coverage can be re-used.
5
Conclusions and Recommendations

In this contribution, we propose to support in-band D2D communication using LTE radio access by using UL subframes and PUSCH. We discussed principles of TDM/FDM based multiplexing on a per-subframe basis for cellular UE’s and D2D UE’s. We present and discuss advantages and limitations for two approaches to support HARQ on D2D communication links, indirect and direct HARQ. We recommend considering eNB controlled UL grants to dynamically assign D2D PUSCH transmission opportunities.

In summary:
1. D2D communication is supported using UL subframes
2. PUSCH is used for D2D communication

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

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

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

6. A D2D capable UE can either transmit D2D PUSCH 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 PUSCH.

7. D2D communication links support HARQ

8. Both indirect and direct HARQ approaches for D2D communication links should be evaluated in the SI

9. When under LTE network coverage, D2D resource allocation is based on the principle of eNB controlled UL grants
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