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1 Introduction
In RAN1#78bis it was agreed that D2D Communication UEs which transmit D2DSS will also transmit PD2DSCH for the in-coverage and out-of-coverage case. In-coverage UEs participating only in D2D Discovery do not transmit PD2DSCH. In addition, the periodicity of PD2DSCH, if transmitted, is the same as that of D2DSS, i.e. 40 ms.
Furthermore, it was agreed in RAN1#78bis that PD2DSCH contains at least the 14 bit DFN and the 3 bit TDD UL/DL configuration. Out-of-coverage UEs do not transmit D2DSS on more than 1 D2DSS resource. 2 D2DSS resources are used for out-of-coverage.
In this contribution we discuss additional payload contents of PD2DSCH in addition to those already agreed in RAN1#78bis. We also present our proposal for the PD2DSCH transmission format when PD2DSCH is sent with D2DSS in the D2D synchronization resources.

Our companion contributions [1][2] present our views on remaining design details for D2DSS and the D2D synchronization and re-synchronization procedures.
2 PD2DSCH contents
For R12 D2D Communications, we see the usefulness of PD2DSCH mainly in the support of the partial network coverage scenario. An eNB uses the PD2DSCH via in-coverage UEs operating in D2D Communications Mode 1 as intermediaries to indicate the cell specific configured Tx resource pool(s) to out-of-coverage UEs operating in D2D Communications Mode 2. Such an approach allows that ProSe UEs using D2D Communication Mode 2 which are in vicinity of the eNB, yet not in its radio range, can still make use of the eNB configured Tx resource pools for SA and/or Data. In consequence, cell edge interference problems between eNB controlled cellular UL UEs and D2D Communications Mode 1 UEs with any D2D Communications Mode 2 UE using pre-configured Tx resource pools can largely be avoided at the expense of little overhead in terms of PD2DSCH transmission.

For out-of-coverage scenarios where most transmission resources are pre-configured, the PD2DSCH will among others be useful to provide the DFN to UEs in vicinity. Furthermore, derived knowledge of subframes in which SA can occur will allow out-of-coverage ProSe UEs to benefit from power saving during continued reception of other talk groups.

When transmitted in the center 6 RBs and when occupying the remaining time-domain symbols which are not used for D2DSS, guard time and DMRS, PD2DSCH offers a good link budget while carrying a limited size payload size in the range of 25-35 bits before CRC.
In our view, the PD2DSCH should in addition to DFN and TDD UL/DL configuration contain the following additional information fields: system bandwidth, Tx resource pool configuration, power control and D2DSS ID complement (Table 1).
The overall resulting PD2DSCH payload prior to CRC attachment is then 30 bits.
Table 1: Proposed PD2DSCH payload fields
	Information Field
	Length
	Note
	Setting by in-coverage
D2D Communication UE
	Setting by out-of-coverage
D2D Communication UE

	DFN
	14 bits
	System frame counter
	DFN = SFN of serving cell + offset indication
	Derived from sync source

	TDD UL/DL configuration
	3 bits
	7 TDD UL/DL frame configurations
	As by SIB1 of TDD serving cell
Reserved in case of FDD
	Reserved when transmitted from D2DSSue_oon

	System bandwidth
	3 bits
	LTE UL channel bandwidth
	As by PBCH of serving cell
	Set from pre-configured band-specific value

	Tx resource pool configuration
	7 bits
	Indexed list of subframe bitmap TDM patterns for SA and D2D data subframes
	Obained from serving cell through RRC
	Not present

	Power control
	1 bit
	Max. available Tx power vs.
reduced Tx power
	Obtained from serving cell through RRC
	Not present

	D2DSS ID complement
	2 bits
	D2DSS ID complement + 168 SD2DSS values providing 504 D2D sync IDs
	Derived from Cell ID of serving cell
	Derived from sync source


System bandwidth

For LTE UEs, UL system BW is an information field that is nominally carried in the PBCH. 3GPP specifications impose many limitations onto allowed system BW settings in practice, i.e. de-facto making the flexibility provided by MIB obsolete. For out-of-coverage UEs, the operating BW of the ProSe carrier is a pre-configured value and will also be band-specific. For in-coverage UEs participating in D2D Communications, UL system BW is derived from the serving cell. Independently from the UL system BW setting, frequency domain restrictions when transmitting D2D signals and channels, ex: SA, can be imposed by the eNB through D2D RRC configuration.

We see inclusion of system bandwidth into PD2DSCH mainly as an approach to ensure future-proofness of R12 D2D Communications design. Similar to LTE PBCH, availability of a system BW field will ensure that future band specific and release independent RF specification work for ProSe can be done without being impeded by limitations in R12 design.
Tx resource pool configuration

For in-coverage D2D Communication UEs, the 7 bit Tx resource pool configuration will be needed to indicate the SA and D2D data subframes. Clearly, it is not possible to maintain the full flexibility of an eNB RRC signaled bitmap to indicate all the available D2D subframes in a cell and the SA or D2D data specific subframe bitmaps.

Instead, we suggest to use an ordered indexed list to advertise a limited number of SA/Data subframe configuration patterns as a subset of possible RRC bitmap settings for D2D Communications Mode 1 (Table 2).
Table 2: Example for Tx resource pool index list to indicate D2D transmitter configuration

	Index value
	SA and Mode 2 data period [ms]
	Offset indicator for first SA period within DFN cycle [ms]
	Bitmap for SA pool (40 bits)
	Bitmap for Data pool (8 bits)

	0
	40
	0
	[11…1100000000]
	[11110000]

	1
	40
	3
	[00100100…10010000]
	[00001111]

	2
	40
	7
	[1010…10001000]
	[10101010]

	3
	40
	11
	[00000110…100000001]
	[01010101]

	4
	80
	0
	[001000001…110000000000]
	[11110000]

	…
	…
	…
	…
	…

	126
	320
	281
	[000000001000000100000110...]
	[01010101]

	127
	320
	313
	[0010000010000001000001...]
	[11110000]


For in-coverage D2D Communication Mode 1 UEs, the eNB will then use RRC signaling through SIB or dedicated configuration to advertise the specific Tx resource pool configuration value to be propagated on the PD2DSCH. In consequence, it is possible to limit D2D Communications Mode 2 transmitter UEs to the use of a limited set of UL subframes for D2D. Similarly, configurability for SA and Data periods can be maintained to some extend for the partial network coverage scenario.
Power control
For the D2D Communications partial coverage scenario, it is very desirable that power control is imposed to protect Cellular UL transmissions from D2D interference. Similar to the TPC command bit contained in the D2D grant for D2D Communications Mode 1 transmitters, PD2DSCH contains a single bit which toggles between maximum available Tx power vs. reduced (fixed) Tx power. Alternatively, it could be considered to toggle between maximum available Tx power and open-loop driven Tx power control. However, for the latter case it would be necessary to extend the pathloss determination mechanism to use D2DSS.
For in-coverage D2D Communication Mode 1 UEs, the eNB will use RRC signaling through SIB or by dedicated RRC configuration to advertise which particular power control setting should be propagated on the PD2DSCH.
D2DSS ID complement

In our view, to keep D2DSS detection complexity low, PD2DSS should allow for a distinction between out-of-coverage ProSe transmitter UEs (D2DSSue_ooc), in-coverage D2D Communications UEs (D2DSSue_net) and D2D Discovery only UEs. This can be done by using 3 distinct root sequences. SD2DSS will then allow to distinguish 168 D2D identifiers [1].
In order to allow for a number of available D2DSS identities similar to R8 LTE, it is most straightforward to place 2 additional bits as part of the PD2DSCH to allow for a total of up to 504 D2D identities. This approach has the advantage that in-coverage D2D Communication UEs can then derive their D2DSS identity from the serving Cell ID. Similarly, out-of-coverage ProSe transmitters can benefit from up to 504 distinct D2DSS identities. Due to absence of PD2DSCH for in-coverage D2D Discovery UEs, either because they only support Discovery as by UE capability, or when configured to only use Discovery in the serving cell, these UEs will only be able to benefit from 168 distinct D2DSS identities. We think this limitation is not prohibitive.
Proposal 1:

PD2DSCH carries 3 bit system bandwidth, 7 bit Tx resource pool configuration, 1 bit power control and 2 bit D2DSS ID complement (in addition to the 14 bit DFN, 3 bit TDD UL/DL configuration).

Proposal 2:

PD2DSCH Tx resource pool configuration indicates a subset of RRC configurable SA / D2D Data subframe allocations and/or allocation periodicities as an index list similar to the R8 LTE PRACH configuration index.
3 PD2DSCH mapping

It was agreed in RAN1#78bis that D2D Communication UEs which transmit D2DSS will also transmit PD2DSCH for the in-coverage and out-of-coverage case. In-coverage UEs participating only in D2D Discovery do not transmit PD2DSCH. 
In our view, PD2DSCH should use DMRS on time-domain symbols #4 and #11 for demodulation, i.e. reuse of R8 LTE principles for coherent demodulation of PUSCH. The availability of the fixed known DMRS sequences in the D2D synchronization subframes also has the beneficial side effect that it allows to improve upon UE acquisition performance in presence of very large initial frequency offsets. Both D2DSS and DMRS can be exploited by D2D UE receiver design to determine the frequency offset and acquire oscillator lock [1].
In consequence, PD2DSCH will then occupy the remaining 7 time-domain symbols #3 and #5 to #10 which are not occupied by D2DSS on symbols #1/#2 and #12/#13 and DMRS in symbols #4 and #11 in a D2D synchronization subframe (Figure 1).

When transmitted in the center 6 RBs and when occupying these remaining 7 time-domain symbols, PD2DSCH offers a good link budget while carrying a limited size payload size in the range of 25-35 bits before CRC.
[image: image1.emf]Time

Frequency

1 subframe (1 ms)

Guard

1 2 3 4 5 6 7 8 9 1011121314

DMRS DMRS

6 

PRBs

PD

2

DSS

PD

2

DSCH

SD

2

DSS


Figure 1: Proposed D2DSS and PD2DSCH symbol mappings
Some PD2DSCH payload fields will not be needed in some D2D scenarios. For example, TDD UL/DL frame configuration will not be used for FDD. Another example are Tx resource pool configuration and power control fields for the D2D Communication out-of-coverage case.

It might be reasoned that D2D UE implementation should not be unnecessarily burdened with blind detection requirements and therefore a single PD2DSCH format should be supported similar to R8 PBCH. Depending on the UE receiver design approach, a smaller payload size carried on PD2DSCH might provide better a somewhat link-level performance. We note that UE receiver knowledge that the PD2DSCH is employed in a given context can always be exploited to improve upon UE detection performance.
We propose that PD2DSCH uses two different transmission formats. In-coverage D2D Communication UEs transmit PD2DSCH including 7 bit Tx resource pool configuration and 1 bit power control. PD2DSCH for out-of-coverage UEs does not include these 2 fields. A D2D Communication UE will prior to PD2DSCH decoding in a D2D synchronization subframe determine whether the detected D2DSS belongs to the set of D2DSSue_ooc or D2DSSue_net and configure its receiver accordingly.

Proposal 3:

PD2DSCH uses DMRS in time-domain symbols #4 and #11 for demodulation.
Proposal 4:

PD2DSCH occupies time-domain symbols #3 and #5 to #10 in D2D synchronization subframes.
Proposal 5:

PD2DSCH when sent by an out-of-coverage D2D Communications UE does not include Tx resource pool and power control fields, i.e. 2 PD2DSCH formats are used.
4 Conclusion

In this contribution we discuss additional payload contents for PD2DSCH in addition to those already agreed in RAN1#78bis. We also present our proposal for the PD2DSCH transmission format.
Proposals:

1. PD2DSCH carries 3 bit system bandwidth, 7 bit Tx resource pool configuration, 1 bit power control and 2 bit D2DSS ID complement (in addition to the 14 bit DFN, 3 bit TDD UL/DL configuration).

2. PD2DSCH Tx resource pool configuration indicates a subset of RRC configurable SA / D2D data subframe allocations and/or allocation periodicities as an index list similar to the R8 LTE PRACH configuration index.
3. PD2DSCH uses DMRS in time-domain symbols #4 and #11 for demodulation.
4. PD2DSCH occupies time-domain symbols #3 and #5 to #10 in D2D synchronization subframes.
5. PD2DSCH when sent by an out-of-coverage D2D Communication UE does not include Tx resource pool and power control fields, i.e. 2 distinct PD2DSCH formats are used.
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