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1 Introduction
At the RAN1#78 meeting [1], the following agreements were achieved for PD2DSCH.
· For PD2DSCH,

· Only transmitted from synchronization source

· QPSK modulation

· TBCC

· 16bits CRC

· Message scrambling sequence is derived from PSSID

· Multiplexed in the same PRBs with D2DSS

· FFS: Symbols used only for D2DSS and PD2DSCH within a subframe
There is however still a lot to do on PD2DSCH. First, the content has not been defined yet, although candidate fields for PD2DSCH have been listed. There are also some remaining design issues, such as defining coding scheme, reference signals to use for demodulation, etc. In this contribution, we discuss these issues as well as some general aspects of PD2DSCH transmission.
2 General aspects of PD2DSCH transmission

In this section, we provide several high-level PD2DSCH proposals that help for both design and content of PD2DSCH.
2.1 PD2DSCH transmission 
For out-of-network coverage UEs, PD2DSCH should be transmitted whenever D2DSS is transmitted since it is the only way to provide system information. For in-coverage UEs, we propose the transmission of D2DSS to be configured by eNodeB [5]. For this case, D2DSS transmission is used for timing reference by out-of-coverage UEs [4]. Here PD2DSCH is necessary to provide information for D2D communication from in-coverage UEs to out-of-coverage UEs. For inter-cell communications/discovery scenarios, PD2DSCH transmission is also necessary since different cells may have different D2D configurations. 
Proposal 1: PD2DSCH is transmitted if a UE transmits D2DSS. 
2.2 PD2DSCH transmission for discovery
It was agreed that D2DSS is transmitted for both communication and discovery. UEs within a D2D discovery region use D2DSS for determining a reception timing reference. For inter-cell scenario, some D2D UEs may be in the range of two overlapped discovery regions. Different cells may have different configurations, such as D2D frame number, bandwidth, TDD configuration etc. PD2DSCH transmission is then helpful for UEs in different cells in inter-cell discovery scenario to exchange such parameters. That makes transmitting PD2DSCH necessary for discovery. In order to have any transmitted PD2DSCH useful for both communication and discovery, we propose to have the same content for both.
For partial-coverage scenario, an out-of-network-coverage UE will attempt to detect D2DSS from the set D2SSue_net, regardless if the D2DSS is transmitted by a discovery UE or a communication UE. Therefore, an out-of-network-coverage UE, after successful D2DSS detection, will continue to detect the corresponding PD2DSCH to confirm the detected synchronization signal. In order to enable an out-of-network-coverage UE synchronizing to the network and communicating with in-network-coverage UEs as soon as possible, a discovery UE which is transmitting D2DSS should forward the information in PD2DSCH for communication.

Another question to address is whether the PD2SCH content should be the same for in-coverage and out-of-coverage. Given that the PD2DSCH is the same for discovery (in-coverage) and communication (out-of-coverage), it is then natural to have the same content regardless of the in/out-of-coverage situations.
Proposal 2: PD2DSCH is transmitted for discovery. 
· The PD2DSCH content is the same for discovery and communication.
· The PD2DSCH content is the same for in-coverage and out-of-coverage

3 PD2DSCH content
In this section, we look at each of the proposed fields for PD2DSCH and examine whether having this field is useful.
3.1 PD2DSCH period and D2D radio frame number
The radio frame number is used frame timing synchronization between transmitters and receivers. In LTE, the system radio frame number repeats after 1024 radio frames. The same structure should be reused for D2D, with 1024 radio frames. Conceptually, PD2DSCH is similar to PBCH and should be transmitted in the same manner. As suggested in [3], the period of D2DSS should be fixed to 40 ms. If a similar transmission for PD2DSCH as for PBCH is used, the PD2DSCH TTI should be 4x40=160 ms, and PD2DSCH should be transmitted as shown in Figure 1.
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Figure 1: Example of PD2DSCH transmission using a transmission time interval of 160 ms, where the same information is repeated in 4 consecutive transmissions.
With this 40ms periodicity, 8 bits are needed to indicate the radio frame number: the 8 bits indicate which 40ms block is used, and UE can then figure out the radio frame number by itself within this 40ms interval. In addition, it can be reduced further to 6 bits, by using different scrambling sequences for each of the 4 repetitions of PD2DSCH, implicitly encoding 2 bits.
Proposal 3: For PD2DSCH transmission:
· Every PD2DSCH contains 4 repeated transmissions in 4 contiguous D2DSS subframes 
· The PD2DSCH TTI is 4 times the D2DSS period (160 ms)
· The PD2DSCH scrambling sequence has a period equal to the PD2DSCH TTI.
3.2 System bandwidth 
An out-of-coverage/partial-coverage UE needs to be able to know at which bandwidth to operate, and where to find the SA resource pool. For partial-coverage, UE needs to use the same bandwidth as the cellular system so that it can receive the transmissions from in-coverage UEs. Thus, the bandwidth information should be conveyed in PD2DSCH. 3 bits are enough, similarly to what is done in MIB.
3.3 Transmission and receiving resource pool

In-coverage UEs receive their transmission pools from eNodeB. For out-of-coverage UEs, the transmission pool could be received from other UEs, or could be pre-configured. While both solutions could work, we do not see a strong motivation to let a UE signal the resource pool; the main motivation is to avoid out-of-coverage UEs listening all the time to obtain their SAs. With preconfigured SA pools, this goal is achieved once an out-of-coverage UE obtains the bandwidth and D2D radio frame number. A D2D UE receiver can detect SA in the related bandwidth. Consequently, we do not see the need to signal the transmission and receiving resource pool on PD2DSCH.

3.4 Synchronization source ID

In order to implement synchronization by D2DSS detection, the synchronization source ID should be indicated from every synchronization source to its D2D receivers. There should be a linkage between D2DSS and synchronization source ID with a one-to-one mapping [3]. Thus, it is not necessary to convey any such explicit information on PD2DSCH. Furthermore, the message scrambling sequences of PD2DSCH has been agreed to be derived from PSSID, and the transmitter of PD2DSCH is a synchronization source [1]. This means the PSSID is implicitly carried by PD2DSCH and it can be used to verify the detection of PSSID. 
3.5 Support for multi-hop and current hop level indication
As explained in [4], multi-hop synchronization is a desirable feature. It is however beneficial to limit the number of hops to avoid error propagation. In [4], the maximum hop number is suggested to be 3, which requires 2 bits indication in PD2DSCH. In [3], we propose that out-of-coverage synchronization sources transmit D2DSS from the set D2DSSue_oon. Such synchronization sources may be independent or have derived their synchronization from an eNodeB. An additional bit can be included in PD2DSCH to indicate if the synchronization is derived from an eNodeB. 
3.6 Time to scan

The time to scan has been proposed in [6]. The motivating scenario was overlap of two unsynchronized groups. In this scenario, it was proposed that the timing reference of the two groups should be aligned [6]. We think it is not necessary to make these two unsynchronized groups have the same timing reference and do not see any clear performance benefit of such alignment. Every UE can decide to follow the timing reference of one of the groups. If two groups overlap, a D2D UE in group1 can detect group2 timing reference and decode group2’s SA. A UE can decide by itself on which group it synchronizes to.
3.7 PCID of eNB from which UE has derived its Tx timing

The PCID information is useful in inter-cell scenario where adjacent cells have different timing references and/or different D2D resource pools. 
For different inter-cell timing references, a cellular UE can detect the adjacent cell timing by knowing the PCID of the adjacent eNB. For a D2D UE, if the PCID of eNB from which UE has derived its Tx timing is signaled by PD2DSCH, then the D2D UE can know the adjacent cell timing reference from cellular link by knowing PCID. But actually, the D2D UE can know the adjacent cell timing from detected D2DSS and related PD2DSCH. So from the inter-cell timing reference aspect, the PCID of eNB is not needed.
For the resource pool in the inter-cell scenario, a common resource can be used for a D2D group. In such a case, the PCID information is not needed.
3.8 UE power information

The power information which includes the UE power capability and UE power limitation information can be signaled or predefined. For in-coverage scenario, the UE power information is configured by the network. For out-of-coverage scenario, the UE power information can be predefined. For the partial network coverage scenario, the serving eNB could have the in-coverage D2D UEs transmit some power information. We do not see strong motivation for this, however: a UE in partial coverage is far from the eNB, thus unlikely to create significant interference on the uplink. Note that this is true even for higher power public safety UEs: the eNB transmit power is usually much larger than the UE transmit power.

3.9 TDD/FDD and TDD configuration
D2D UEs also need to know if the system operates in TDD/FDD mode, and if in TDD, which configuration is used. The TDD uplink-downlink configuration can be signaled on PD2DSCH using 3 bits. The TDD/FDD indication for D2D link can be encoded by 1 bit in PD2DSCH or be jointly encoded with the TDD uplink-downlink configuration. For example, the 3 TDD configuration bits result in 8 states, for which 7 states will be used for TDD configuration and the remaining one can be used for FDD configuration. 
3.10 Summary
The content that needs to be carried on PD2DSCH is shown in Table 1, with 15 bits in total. Reserved bits could be added for future uses. Note that this size is similar to the MIB size (14 bits) carried on PBCH.
Proposal 4: The following content of PD2DSCH is proposed:
Table 1: The information carried in PD2DSCH.
	Information in PD2DSCH
	Number of bits

	D2D frame number
	6

	System bandwidth 
	3

	Synchronization source type
	1

	Current PD2DSCH hop level
	2

	TDD UL-DL configuration+ TDD/FDD differentiation
	3

	Total
	15


4 PD2DSCH design
In this section, we address the remaining issue of PD2DSCH design.
4.1 PD2DSCH reference signal

Two options for reference signal for PD2DSCH can be considered. 

DMRS-based demodulation

With this mode of operation, DMRS in the 4th symbol (normal CP) or the 3rd symbol (extended CP) is used for demodulation. DMRS parameters can be a function of the PSSID. DMRS and PD2DSCH occupy 72 REs in all available SC-FDMA symbols. There are 7 (normal CP) or 5 (extended CP) available SC-FDMA symbols in the subframe for PD2DSCH, as shown in Figure 2. 
The code rate of PBCH is 1/48, and if PD2DSCH uses 5 SC-FDMA symbols, there are 2880 coded bits per PD2DSCH TTI. Hence, up to 2880/48-16=44 information bits can be encoded at the rate of 1/48, i.e. PBCH coding rate.
D2DSS-based demodulation

With this option, there is no DMRS symbol. This saves 2 SC-FDMA symbols. There are 9 (normal CP) or 7 (extended CP) available SC-FDMA symbols in the subframe for PD2DSCH. PD2DSCH can only occupy 62 REs in order to match the D2DSS bandwidth. With 7 SC-FDMA symbols, there would be 3472 code bits per PD2DSCH TTI. Hence, up to 3472/48-16=56 information bits could be encoded at a rate of 1/48.

Since there are few PD2DSS sequences, channel estimation would have to be partly based on SD2DSS. However, it has been agreed that the transmit power will be reduced for SD2DSS. This would significantly affect the channel estimation performance. Moreover, following the principle of LTE, there should be no antenna port definition for SD2DSS [3]. This makes it impossible to interpolate channel estimates derived from SD2DSS within the subframe. Hence, D2DSS-based demodulation does not appear to be easily feasible.
Proposal 5: PD2DSCH uses DMRS-based demodulation.
4.2 PD2DSCH channel coding and SC-FDMA symbol location in D2DSS subframe

As discussed in Section 3, 15 information bits are needed for PD2DSCH. TBCC with 16 bits CRC has been agreed for PD2DSCH. For PBCH, a rate 1/3 mother code is used, with a repetition factor of 16.  In terms of design target, since PD2DSCH is conceptually similar to PBCH, similar channel coding should be used. This gives room for 5 additional reserved bits, as shown in Table 2. 
Proposal 6:  PD2DSCH uses the same channel coding as PBCH: 

· 1/3-rate convolutional code with 16 times repetition factor 

Table 2: Number of bits for PD2DSCH. 

	Information bits
	20 (15 information bits, 5 bits reserved for further use)

	CRC bits
	16

	Uncoded bits
	36

	QPSK, 6 PRBs, 3 symbols per subframe,

Totally 4 subframes used for PD2DSCH
	coded bits: 1728
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Figure 2: Example for PD2DSCH location within D2DSS subframe with DMRS, PD2DSS and SD2DSS, for extended CP (left) and normal CP (right).
In [3], we discuss the location of D2DSS SC-FDMA symbols and show that PD2DSS and SD2DSS should be located on consecutive SC-FDMA symbols. An example of PD2DSCH resource mapping in one subframe is illustrated in Figure 2 assuming 3 SC-FDMA symbols for PD2DSCH per D2DSS subframe. As mentioned earlier, 4 contiguous D2DSS subframes are used to implement 16 times repetition, as shown in Figure 1.
4.3 Usage for the unused resources within D2DSS subframe
As illustrated in Figure 2, there are 2 or 4 SC-FDMA symbols available in 6 PRBs bandwidth within every D2DSS subframe. These resources could be used to improve the system performance. In this sub-section, some possible options are discussed for using these resources.
The unused resources in D2DSS subframes can be used for D2D channels. There are two cases:

· Case 1: The D2D data transmitter is also a synchronization source.
· Case 2: The D2D data transmitter is not a synchronization source

For case 1, DMRS can be used for both data channel and PD2DSCH demodulation. 

For case 2, since the D2D data transmitter is not a D2D synchronization source, the D2D data transmitter may have different timing references with the potential D2D receivers. Hence there may be QCL issues between the different D2D synchronization reference sources. To confirm QCL will be very difficult for D2D broadcast, so case 2 is not preferred. 
Under certain conditions, the surplus resources could be reallocated by eNodeB and be reused by cellular link. For example, a D2D capable UE not configured with D2D and currently operating in normal LTE uplink and downlink communication with a suitable UL timing advance may utilize unused resources. To use these unused resources for cellular link, rate matching should be done around the used signal and channel, such as DMRS, D2DSS, PD2DSCH and GAP. Since not every subframe in the middle of 6 PRB is used for D2DSS, signaling is needed to indicate the cellular UE to do such rate matching, e.g. 1 bit implicit or explicit dynamic signaling could be used to indicate whether rate matching should be done.
Proposal 7:  If unused resources in D2DSS subframes are used for other channels, rate matching around PD2DSCH, D2DSS and DMRS symbols should be done.

· Indication of rate matching could be signaled to in-coverage UEs.
5 Conclusions
For the general aspects for PD2DSCH transmission, we have the following proposal: 
Proposal 1: PD2DSCH is transmitted if a UE transmits D2DSS. 
Proposal 2: PD2DSCH is transmitted for discovery. 
· The PD2DSCH content is the same for discovery and communication.
· The PD2DSCH content is the same for in-coverage and out-of-coverage

Proposal 3: For PD2DSCH transmission:
· Every PD2DSCH contains 4 repeated transmissions in 4 contiguous D2DSS subframes. 
· The PD2DSCH TTI is 4 times the D2DSS period (160 ms)
· The PD2DSCH scrambling sequence has a period equal to the PD2DSCH TTI.
Proposal 4: The following content of PD2DSCH is proposed:
	Information in PD2DSCH
	Number of bits

	D2D radio frame number
	6

	System bandwidth 
	3

	Synchronization source type
	1

	Current PD2DSCH hop level
	2

	TDD UL-DL configuration+ TDD/FDD differentiation
	3

	Total
	15


Channel design is discussed as well and is summarized in this proposal:

Proposal 5: PD2DSCH uses DMRS-based demodulation.

Proposal 6:  PD2DSCH uses the same channel coding as PBCH:
· 1/3-rate convolutional code with 16 times repetition factor 

For the PD2DSCH channel design and surplus resource usage in D2DSS subframe, we have the following proposals:
Proposal 7:  If unused resources in D2DSS subframes are used for other channels, rate matching around PD2DSCH, D2DSS and DMRS symbols should be done.

· Indication of rate matching could be signaled to in-coverage UEs.
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