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1 Introduction

In this contribution, we provide our initial views on UE capabilities for D2D operation defined in the LTE Rel.12 specification. It should be noted, that at the moment of drafting this contribution the quite substantial part of the D2D operation is not finalized yet by RAN1 and other WGs and thus this document can be considered as an initial input to the UE capability discussion.

2 On D2D Capabilities

The D2D air-interface is a complementary feature for cellular UEs that were primarily designed to enable the mobile access to the network. The availability and implementation of the ProSe feature should be aligned with the appropriate use case and market demand and thus cannot be mandated for Rel.12 UE implementation. Therefore all Rel.12 D2D functionalities and UE D2D capabilities can be considered as an optional for UE implementation.
Proposal 1
· The Rel.12 D2D capabilities are optional for UE implementation.

3 In-coverage and Out of Coverage Operation
According to the requirements from the public safety community, the public safety UEs have to support D2D operation for in-coverage and out of coverage scenarios. However, from the specification and UE implementation perspective, we believe it is important to differentiate UEs that can operate only in-coverage and UEs that can operate in both in-coverage and out of coverage scenarios. The distinction of this functionality may be especially evident given that substantially different synchronization procedures are assumed for in-coverage and out of coverage operation.
Proposal 2
· UE is not mandated to support both in-coverage and out of coverage operation.
· UE implementation may support only in-coverage operation or both in-coverage and out-of-coverage operation.
4 Discovery and Communication

The D2D operation in LTE Rel.12 defines two independent functionalities device discovery and direct communication. In our view, UE implementation of any of these features shall be optional and defined by separate capability signaling.
Proposal 3
· Separate UE capability signaling is defined for D2D discovery and communication.
5 In-coverage Operation
5.1 Intra and Inter-Cell Communication/Discovery
The communication and/or discovery capable UEs support intra-cell D2D communication and discovery as well as inter-cell D2D operation in case of synchronous deployment scenarios. The D2D operation in asynchronous deployment scenarios may require implementation of additional functionality (e.g. functionality of synchronization source or transmission and reception of D2DSS/PD2DSCH) and thus should not be mandated and can be a part of UE capability. In our view synchronization source functionality may not be needed in many scenarios.
Proposal 4
· D2D inter-cell operation in asynchronous deployment scenarios is up to UE capability.
5.2 In-coverage Synchronization
According to current RAN1 WG agreements and working assumptions, UEs may transmit D2D synchronization signal (D2DSS) and channel (PD2DSCH). Any node transmitting D2DSS is considered as a synchronization source. The synchronization source functionality is needed in order to:
· establish common synchronization in out of coverage scenarios;

· enable communication between in-coverage and out of coverage UEs and reduce interference from out of coverage UEs by propagating synchronization signal/channel from in-coverage UEs;

· enable inter-cell discovery and communication in case of asynchronous deployments.

According to current RAN1 WG agreements, the discovery capable UEs are assumed to transmit D2DSS only, while communication capable UEs are assumed to transmit both D2DSS and PD2DSCH. The transmission of D2DSS and PD2DSCH has the same periodicity.
In our view, the functionality of the synchronization source may be redundant in many in-coverage cases and thus capability signaling is needed to indicate if UE can transmit and receive D2DSS/PD2DSCH and serve as a synchronization source. Alternatively, different capabilities may be considered in terms of D2DSS/PD2DSCH transmission and reception. 
Proposal 5
· UE is not mandated to transmit and receive D2DSS and PD2DSCH, if it supports only in-coverage D2D operation.

· D2DSS/PD2DSCH transmission and reception is mandated for UEs supporting out of coverage operation.

· Capability signaling is defined to indicate if UE (supporting in-coverage only operation) can transmit and receive D2DSS and PD2DSCH.
5.3 In-Coverage Communication

On Support of Different Resource Allocation Modes

For in-coverage communication, two main resource allocation modes were defined:

· Mode-1 (eNB assigns resource for transmission);
· Mode-2 (UE selects resource for transmission from the pre-configured resource pool).
It is obvious that support of both modes requires implementations of different UE functionalities: e.g. reception of D2D grants, D2D TX UE behavior for SA and Data resource selection, timing adjustment for Mode-1 reception/transmission, etc. In addition, these two modes are expected to provide different performance characteristics in different scenarios and may be applicable to different use cases. Therefore in our view separate capability signaling shall be used to indicate resource allocation mode supported by D2D communication capable UE.
Note that PS terminals may be mandated to support both modes, however from specification and UE implementation perspective separate indication is needed.
Proposal 6
· For D2D communication capable UEs, additional capability signaling is used to indicate resource allocation mode(s) supported by UE (i.e. Mode-1, Mode-2 or Mode-1&Mode-2).

It should be noted that from the network side, the same functional split can be assumed, i.e. there may be Mode-1 capable networks only, Mode-2 capable networks or Mode-1&Mode-2 capable networks. Therefore, there is no need to mandate from UE to support both modes or support any specific mode.

On Amount of D2D Pools Used for Reception and Transmission
RAN1 WG agreed that up to 4 TX pools can be defined for Mode-2 D2D communication and one pool for Mode-1 communication. In addition up to 16 D2D RX pools can be indicated for neighboring cells. In our view, the amount of monitored by UE resource pools shall be also discussed by RAN1 WG [1], [2]. In particular, we do not see the need to monitor 16-21 pools by UE and thus assume that amount of monitored pools is up to UE implementation. On the other hand if it is deemed necessary it may be possible to define the minimum requirements on the number of pools that UE is be able to monitor. Alternatively, amount of monitored pools (e.g. 1, 2, 4, 8) may be considered as a part of UE capability signaling for reception and/or transmission.
Observation 1
· The amount of resource pools, that UE shall be able to monitor needs further discussion.

Proposal 7
· Introduce signaling to indicate UE capability in terms the number of pools that UE is able to monitor (e. g. 1, 2, 4, 8).
On Data Rates for D2D Reception and Transmission

It is unfortunate, but there were no any max/min data rate requirement for D2D TX and/or RX, that needs to be supported for D2D communication design in the LTE Rel.12. In our view, data rate targets if defined can simplify the system design and technical discussions across RAN WGs.
According to the of RAN1 WG agreements:

· The D2D TX always assumes that there is enough memory to always use the mother turbo code with rate 1/3.
· The maximum aggregate data rate that a D2D UE is expected to receive is limited to [X]

· X may [FFS] depend on UE D2D capability

· The number of HARQ processes per transmitting D2D UE is 1 per destination ID

· Note that any discussion of communication with multiple destination IDs is up to RAN2.

· D2D UE behavior in cases when these limits are reached is left to D2D UE implementation

Based on these agreements, it can be concluded that RAN1 is supposed to define UE capability signaling for maximum aggregate data rate of D2D communication for reception and potentially transmission.
In practice, the actual aggregate data rate of D2D receiver is a function of multiple arguments including maximum number of transmitters of interest, MCS level and resource allocation used by transmitters of interest, amount of resource pools, resource pool configuration, etc.
The maximum aggregate data rate (that a D2D receiver can expect) may be calculated in simplified assumptions. The following factors may affect maximum aggregate data rate and soft buffer size:

· Bandwidth: D2D transmission may occupy whole bandwidth {20 MHz, 100 PRBs by default};
· Duplex mode: FDD/TDD mode affects amount of subframes available for D2D {FDD by default};
· Number of layers: D2D operation is defined for one stream only {1 layer};

· MCS/TBS: constraints on constellation size QPSK, 16-QAM (64-QAM is not supported), max IMCS = 28;
· FEC scheme: CTC mother code rate 1/3;
· Number of ReTx: 4 TTIs per single MAC PDU;
· CP Type: Normal CP.
We note that aggregated D2D data rate at the receiver per TTI cannot be precisely estimated using maximum TBS as in the cellular case. The D2D RX may simultaneously process data from multiple D2D TX terminals and the sum of TBSs used by multiple D2D TXs (i.e. aggregated TBS) may eventually exceed the max TBS of a single transmitter occupying the aggregated amount of PRBs. The maximum data rate assuming one D2D TX occupying maximum bandwidth is ~18.844 106 bits/s (20 MHz, 100 PRBs, TBS = 75376 per 4 TTIs, IMCS = 28).
On Aggregate Data Rate Capabilities

At the moment, RAN1 WG discusses what should be the UE capability in terms of the aggregate data rate at D2D RX. First of all, it needs to be discussed whether several capabilities in terms of aggregate data rate need to be defined. Given that eNB and other D2D capable UEs may not know the capabilities of the D2D RXs, this information cannot be utilized by the D2D TXs and eNBs to adjust D2D transmit data rate.
Observation 2
· eNB and D2D TXs may not know the capability of the D2D RXs located in the proximity and thus cannot utilize this information for adjustment of the D2D transmit data rate.

From this perspective, the single value of the aggregate D2D data rate may be defined as a reasonable way forward. On the other hand multiple aggregate data rate capabilities may be requested by market. In this case mechanism for seamless operation between UEs with different capabilities may need to be discussed. One possible way is to exchange information about UE capabilities and use the minimum data rate among exchanged. Another way is to always use the minimum data rate according to specified UE capabilities, if capabilities of the devices in the proximity are unknown. Based on these considerations, we propose to define at least single capability for D2D aggregate data rates in the LTE Rel.12 and further discuss, if multiple capabilities are needed. If single capability is defined it should not target the maximum aggregate data rate which can be potentially supported by the D2D system.

One more point that needs to be discussed is whether aggregate transmit data rate can be assumed the same as aggregate data rate for reception. For unicast operation the TX and RX data rates can be assumed symmetrical for D2D-capable UEs. On the other hand for broadcast operation the receiver may be interested to receive from multiple transmitters and thus it can be argued that aggregate RX data rate may be larger than aggregate TX data rate. However in our view for D2D operation the both aggregate TX and RX data rates can be assumed symmetrical to simplify further discussion.
Another aspect that needs to be discussed is the amount of RX and TX processes simultaneously supported by the D2D communication capable UEs. The amount of supported RX processes may have an impact on UE soft buffer size. One possible approach in this case is to define the peak aggregate data rate and define different capabilities in terms of number of supported RX processes NRX. In this case UEs can always receive at least NRX processes in case of peak rate. The UE may potentially receive even larger number of RX processes but with reduced data rate. In our view, RAN1 WG needs to at least discuss the minimum requirement on the amount of TX and RX processes, so that D2D functionality can be verified by RAN4 WG.
Proposal 8
· At least single UE D2D capability in terms aggregated data rate is defined for D2D data transmission/reception.
· The same aggregated data rate is used for the transmission and reception

· Define UE capability in terms of
· number of D2D reception processes (e.g. 1, 2, 4, 8);
· number of D2D transmission processes (e.g. 1, 2, 4, 8).
On Soft Buffer Indication

It was agreed by RAN1 WG that “no standardized mechanism is defined for D2D communication and discovery to share the soft buffer already defined for cellular communications”. According to our interpretation, this agreement does not preclude UE to share cellular buffer or use additional buffer dedicated for D2D.

Observation 3
· Depending on the implementation, a D2D communication capable UE can share its soft buffer with cellular or have dedicated D2D specific buffer.

Therefore there are two potential options in terms of soft buffer capability. One option is to use dedicated buffer for D2D operation. Alternatively, the cellular buffer (at least part) can be shared for D2D operation. In latter case, there may be some impact on cellular performance since part of the memory is used for D2D data. However if RAN1 WG agrees that cellular reception should be prioritized then there will be no impact on WAN but may be some impact on D2D in case of full loading on the cellular link. In case of dedicated buffer, there will be no any impact on cellular performance and on D2D. 
As soon as RAN1 WG agreed that there will be no any mechanism for soft buffer sharing for D2D and cellular communication, the management of the soft buffer can be left up to UE implementation. Given that it can be left up to UE implementation there may be no need to indicate soft buffer memory size, unless RAN4 requirements are supposed to be defined in a way that D2D performance can be impacted.
Proposal 9
· Further discuss if indication of soft buffer capability is needed (e.g. shared or dedicated and D2D buffer size)
5.4 Discovery

D2D discovery operation is supported only for in-coverage scenarios. Similar to communication there are two resource allocation types: Type-1 and Type-2B discovery. However, the difference in terms of UE implementation complexity between these two types is rather small, and there is no compelling reason for a UE to support one D2D discovery type and not the other. Consequently, unlike D2D communication, capability signaling to indicate support of specific D2D discovery types is not needed.
It should be noted that for UEs that support D2D discovery only, the considerations presented in earlier sections on the support of inter-cell D2D discovery in asynchronous deployments in terms of supporting transmission/reception of D2DSS and the on the maximum number of resource pools the UE can monitor still apply. 
Proposal 10
· A D2D discovery capable UE is assumed to support both discovery types and capability signaling to indicate support of specific D2D discovery type is not needed.
6 Out of Coverage Operation

6.1 Out of Coverage Synchronization

For UEs supporting out of coverage operation the D2DSS and PD2DSCH transmission/reception shall be assumed by default. In addition, D2D communication capable UEs supporting out of coverage operation shall support scanning and prioritization of in-coverage synchronization sources as well as new received power measurements based on D2DSS. The out of coverage UE shall be able to monitor at least two unique timings. As for single shot synchronization discussed during the WI phase we believe it should not be mandated given that there is no consensus on introduction of silence period and this aspect may need further consideration in RAN4 WG.
Proposal 11
· D2D communication capable UEs, supporting out of coverage operation also support

· transmission and reception of D2DSS and PD2DSCH, including related measurements;
· scanning for in-coverage and out of coverage synchronization sources.
6.2 Out of Coverage Communication

D2D communication capable UEs operating in out of coverage, shall support at least Mode-2 resource allocation with up to 4 pools for reception and transmission. As for the aggregate data rates the same data rates as decided for in-coverage data communication can be assumed.
7 Conclusion

In this contribution, we provided our views on UE D2D capabilities. According to the discussion in this document we have following proposals:
Observation 1
· The amount of resource pools, that UE shall be able to monitor needs further discussion.

Observation 2
· eNB and D2D TXs may not know the capability of the D2D RXs located in the proximity and thus cannot utilize this information for adjustment of the D2D transmit data rate.

Observation 3
· Depending on the implementation, a D2D communication capable UE can share its soft buffer with cellular or have dedicated D2D specific buffer.

Proposal 1
· The Rel.12 D2D capabilities are optional for UE implementation.

Proposal 2
· UE is not mandated to support both in-coverage and out of coverage operation.

· UE implementation may support only in-coverage operation or both in-coverage and out-of-coverage operation.

Proposal 3
· Separate UE capability signaling is defined for D2D discovery and communication.

Proposal 4
· D2D inter-cell operation in asynchronous deployment scenarios is up to UE capability.

Proposal 5
· UE is not mandated to transmit and receive D2DSS and PD2DSCH, if it supports only in-coverage D2D operation.

· D2DSS/PD2DSCH transmission and reception is mandated for UEs supporting out of coverage operation.

· Capability signalling is defined to indicate if UE (supporting in-coverage only operation) can transmit and receive D2DSS and PD2DSCH.
Proposal 6
· For D2D communication capable UEs, additional capability signaling is used to indicate resource allocation mode(s) supported by UE (i.e. Mode-1, Mode-2 or Mode-1&Mode-2).

Proposal 7
· Introduce signaling to indicate UE capability in terms the number of pools that UE is able to monitor (e. g. 1, 2, 4, 8).

Proposal 8
· At least single UE D2D capability in terms aggregated data rate is defined for D2D data transmission/reception.

· The same aggregated data rate is used for the transmission and reception

· Define UE capability in terms of
· number of D2D reception processes (e.g. 1, 2, 4, 8);
· number of D2D transmission processes (e.g. 1, 2, 4, 8).
Proposal 9
· Further discuss if indication of soft buffer capability is needed (e.g. shared or dedicated and D2D buffer size)

Proposal 10
· A D2D discovery capable UE is assumed to support both discovery types and capability signaling to indicate support of specific D2D discovery type is not needed.

Proposal 11
· D2D communication capable UEs, supporting out of coverage operation also support

· transmission and reception of D2DSS and PD2DSCH, including related measurements;

· scanning for in-coverage and out of coverage synchronization sources.
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