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1 Introduction

At the RAN1 #77 meeting, the D2D control signalling in scheduling assignments was discussed and the following agreements were made [1]:

Agreement:

· PUSCH RE mapping is used for SA, Data and Discovery if D2DSS is not transmitted, at least by the same UE, on the same sub-frame

· For all UEs, 1-symbol gap is used in every D2D transmission subframe.

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)

· PUSCH DMRS are used for SA, Data and Discovery without frequency hopping across slots

· 2 RS signals on Symbols with l=3 and for normal CP, l=2 for extended CP

Working assumption: 

· For SA, the DMRS base sequence and the DMRS CS are fixed in the specifications: 510 for message scrambling and DMRS base sequence, CS = 0, Delta Shift = 0, sequence hopping disabled

FFS:
· FFS whether any special consideration is needed for “a transmission with TA > 1 symbol” when the WAN UL transmission is on a different carrier. 
· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

· FFS details of hopping parameters and how they are (pre-)configured
· FFS: remaining aspects of base sequence, cyclic shift and OCC

· FFS if it possible that the transmitting UE knows D2DSS is configured to be transmitted by another UE in the same subframe.
In this contribution we discuss content, physical structure, frequency hopping and resources for SA.
2 SA Content and Size
In this section we continue discussion on the content of SA message. The Table 1 presents the proposed SA content indicating the number of bits for each field.
Table 1: Content of D2D Scheduling Assignment Signaling
	Information
	Description
	Number of bits
	Required or can be configured

	L1 identity
	Function of L2 destination ID
	8
	FFS

	Frequency allocation
	PRB indication including hopping parameters
	5 (1.4 MHz)

7 (3 MHz)

9 (5 MHz)

11 (10 MHz)

12 (15 MHz)

13 (20 MHz)
	Required

	Frequency hopping flag
	Flag for frequency hopping enabling
	1
	Can be configurable

	MCS
	Modulation and coding scheme for data transmission. Only 21 out of 32 combinations are applicable due to agreement to support up to 16-QAM.
	5
	Required

	T-RPT type
	Type
	1
	Can be configurable

	T-RPT info
	Random: Seed
	8
	8
	Required

	
	Regular: Construction parameters
	8
	
	

	
	Bitmap: Indexation
	8
	
	

	NTTI
	The number of transmissions from a set ([1,2,3,4] or [1,2,4,8] depending on the preconfigured set)
	2
	Can be configurable

	Redundancy type
	IR or CC Flag
	1
	Can be configurable

	PDU Mapping Type
	Mapping type for retransmissions: consecutive or interleaved
	1
	Can be configurable

	Timing advance
	Timing Advance towards serving eNB or SA transmission timing
	6
	Required

	NPDU
	Number of PDUs for transmission in current SA scheduling cycle
	4
	Can be configurable

	SPS flag
	Activation of semi-persistent D2D allocation
	1
	Required if SPS D2D is supported

	Total number of bits
	Required
	Configurable
	Total

	
	32 (1.4 MHz)

34 (3 MHz)

36 (5 MHz)

38 (10 MHz)
39 (15 MHz)

40 (20 MHz)
	11
	43 (1.4 MHz)

45 (3 MHz)
47 (5 MHz)

49 (10 MHz)

50 (15 MHz)

51 (20 MHz)


Notes:
· In case frequency hopping is enabled the hopping type is derived from 1 MSB bit of the PRB indication field and the remaining bits are used to indicate frequency allocation;
· SPS flag indicates that D2D TX node intends to use the same SA parameters for data transmission on all next scheduling cycles until new SA is transmitted/received;
· NPDU and NTTI are optional and needed for flexible T-RPT generation and efficient receive processing. The parameters may be preconfigured or signaled in RRC.

Observation 1
· Approximate SA message size is 40-50 bits. 

In further analysis we use 50 bits payload and 16 bit CRC for link budget studies.
Proposal 1
· Agree on the proposed content for SA.
3 Link Budget Analysis

3.1 On BLER Requirement for SA Channel

In [2] it was proposed to use the stricter BLER requirement for SA (BLER < 0.5%). According to current working assumption, the maximum SA cycle can be as large as 160ms, during this time up to 8 VoIP packets can be transmitted. Therefore, the fail of a single SA reception may lead to loss of 8 VoIP PDUs. So in order to maintain VoIP BLER requirement of 2% it is needed to reduce the BLER requirement for SA to 0.25%. Note, that in case an SA schedules SPS operation the requirement should be even stricter.
Observation 2
· The SA link budget should target more strict BLER targets than VoIP channel.
Proposal 2
· 0.25% BLER target is considered for D2D control information signaling in scheduling assignment subframes.
3.2 Time and Frequency Allocation Size
For SA channel it was not decided yet whether 1 or 2 PRBs bandwidth is preconfigured for transmission. Also, the amount of subframes for multi-TTI transmission needs to be fixed, at least for the Mode-2 out of coverage operation. In this section we analyze the link level performance of SA channel depending on the frequency allocation size and number of TTIs assuming practical channel propagation conditions including frequency and time offsets: [±0.2ppm] and [0:4.2μs] respectively.
We note, that the mother code rate is fully utilized for such a small payload size, so there should be no noticeable performance difference between chase combining and incremental redundancy retransmission schemes. Therefore, we use propose to use CC for the analysis and also propose to preconfigure it for SA.
Proposal 3
· SA retransmissions if configured are based on Chase combining.
Figure 1 shows BLER vs. MCL performance of for localized 1 and 2 PRBs allocation and using 1 to 4 consecutive TTIs.
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Figure 1. BLER vs. MCL for 1 and 2 PRBs frequency allocation with 1-4 transmissions
Observation 3
· The consecutive in time and localized in frequency SA transmissions have poor performance and do not satisfy strict BLER requirement for SA transmissions.
· The SA transmission occupying 1 PRB provides slightly better MCL performance comparing to 2 PRB allocation.
Proposal 4
· The transmission bandwidth of single SA transmission is fixed to 1 PRB.
3.3 SA Diversity Schemes
In Figure 1 it was shown that even 4 subframes used for transmission of a single SA message are not enough to maintain the strict BLER target, so the time or frequency diversity scheme should be specified. In this section we analyze the link level performance of SA transmission using different time-frequency diversity schemes. The results of simulations are provided in Figure 2. The PUSCH Type 2 frequency hopping and 40ms inter-TTI interval are applied.
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Figure 2. SA BLER vs. MCL, different combinations of frequency and time diversity schemes
Observation 4
· Both time and frequency diversity schemes satisfy more strict BLER requirement.
Proposal 5
· Time and/or frequency diversity schemes are used to improve link budget of SA transmissions.
· Up to two SA transmissions are supported for both Mode-1 and Mode-2 resource allocation schemes.
· Number of SA transmissions is configurable parameter.
3.4 On SA Frequency Hopping Design
For SA channel, the 3 options for frequency hopping were analyzed: PUSCH Type 1, Type 2 and PUCCH-like. 
For PUSCH Type 1 we consider only the half-band frequency hopping (hopping pattern = “10” for UL system BW > 49 PRB and “0” for system UL BW <= 49 PRB) because the quarter-band hopping options are expected to give smaller gains. The PUSCH Type 2 is configured to only inter-subframe hopping and initialization ID is common for all UEs in order to avoid collisions. In Figure 3 the examples of frequency position changing for frequency hopping schemes are illustrated.
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	Figure 3. Illustration of considered frequency hopping schemes


Performance in terms of BLER vs. MCL for all frequency hopping types is presented on Figure 4. As it can be seen, there is no significant difference between PUSCH hopping Type 1 and 2 performance. The Type 1 scheme is recommended in this case because it does not require definition of configuration parameters such as virtual sub-band and cell ID for PRBS initialization. Frequency diversity gain with PUCCH-like frequency hopping depends on the initial position of SA in the allocated band.
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	Figure 4. BLER vs. MCL 2 TTIs and 1 PRB, different combinations of frequency hopping.


Observation 5
· For SA there is no significant difference between PUSCH type 1 and PUSCH type 2 frequency hopping.
· PUCCH frequency hopping gains depend on the initial position of SA in the allocated band.
Proposal 6
· The PUSCH type 1 frequency hopping is used for SA transmissions.
4 On Timing Advance Signaling in SA
At the previous RAN1 WG meeting, it was agreed that for D2D data communication within network coverage (Mode 1 communication), the D2D data packets are transmitted following the UL timing to minimize the impact at the eNodeB reception of UL WAN that may be multiplexed with the D2D communication resources.

Earlier, it was decided that for Mode-1 SA transmission the D2D TX follows the DL timing. In order for the receiver D2D UE to compensate the timing difference between D2D SA and data transmission it was agreed that:
· 6 bits are used to indicate D2D reception timing adjustment in SA (at least for Mode1), giving values of TA spaced at intervals corresponding to the extended CP length with a cell radius of 100km.
However, the above agreement is subject to further considerations since it can be seen that a granularity of extended CP (ECP) lengths may be too coarse for most practical deployments with cell sizes that are reasonably small. However with 6 bits TA quantization the only ECP granularity can be used to support large cell sizes of up to 100 km as it was tasked by public safety community.
The adjustment to current RAN1 agreement needs to be made in order to efficiently support deployment scenarios with different cell sizes. In our view, the interpretation of TA field in SA should be dependent on maximum cell radius and distance of D2D TX relative to serving eNodeB. Timing adjustment field in SA can be reinterpreted according to the deployment specific parameter associated with the maximum cell radius which may be broadcasted in SIB. The RRC signalling can be used to indicate one of the predefined TA granularity sets (TAGS). For instance, two sets of timing advance granularity sets can be defined for deployments with cell radius less than 10 km and deployments with cell radius between 10 km and 100 km respectively. The indication of which sets shall be used by D2D TX can be signalled by the eNB:

· TaGranSet1 = [16Ts, 32Ts, 64Ts] for deployments with cell radius < 10 km;

· TaGranSet2 = [64Ts, 128Ts, 256Ts]·5/4 for deployments with 10 km < cell radius <100 km;

The 6 bit TA signalling in SA can be interpreted according to the TA granularity set indicated by eNB. The 6 bits TA field in SA may be divided into two subfields in order to enable adaptive TA granularity depending on the actual TA value between UE and eNodeB or between SA transmission and D2D data transmission:

· TA-SA-MSB. 2 MSBs encode information about TA region (TAR) in logarithmic scale and corresponding granularity. It is also used to derive coarse timing advance offset (TAO) applied by D2D transmitter. The TAR and TAO are associated with the TA granularity set indicated by SIB of serving cell and can be calculated as follows:

The UE uses the actual TA relative to SA transmission timing (DL reception timing) to determine the TA region in logarithmic scale and encodes it using two MSBs to further derive the timing advance granularity (TAG) and timing advance offset (TAO):

Timing advance region:
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Timing advance granularity: 
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Timing advance offset:


[image: image7.wmf]î

í

ì

>

×

=

×

×

=

=

-

0

,

2

)

(

2

2

)

0

(

0

,

0

)

(

4

1

4

R

R

G

TA

G

R

R

O

TA

if

TA

TA

TA

TA

if

TA

TA

R


· TA-SA-LSB. The remaining 4 LSBs bits encode information to derive the final timing adjustment using granularity and timing offset indicated through two MSBs (TA-SA-MSB). The final TA value is:
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The proposed solution requires 1 bit signalling in SIB and reuses the already agreed 6 bits for TA signalling in SA. The Figure 5 below illustrates the basic principle for interpretation of the proposed TA signalling for deployments with different cell radius.
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Figure 5. On interpretation of TA field sent by D2D TX
Proposal 7
· Specify a few (e.g. two) TA granularity sets for deployment scenarios with different cell sizes.
· Use eNB signaling to configure TA granularity set to be used by D2D TXs.
· Apply logarithmic timescale to use different TA granularity depending on the difference between SA transmission timing and DL reception timing.
5 DMRS for SA

Following the D2D discovery agreement on a single fixed DMRS for all transmissions it was proposed to reuse the same DMRS configuration for SA: Cell ID = 510, OCC = 0, Cyclic Shift = 0. In our view, the working assumption on the fixing DMRS to a single configuration significantly limits channel estimation performance in the presence of potential collisions of SA transmission. That may also restrict the use of enhanced receiver processing schemes with interference cancellation capabilities.
Introduction of several possible DMRS configurations for SA transmission would reduce the issue without significant implications to receiver complexity. As it was shown in [3], the blind detection of RS from a small preconfigured set have negligible impact on link performance.
Fixing of 2 OCC and applying 2 cyclic shifts can obtain 4 different DMRS for SA channel that in our view provides reasonable tradeoff between receiver complexity and potential performance improvement.
Proposal 8
· Revise the working assumption on DMRS configuration for SA.
· UE randomly selects DMRS from 4 possible configurations: 2 OCC and 2 Cyclic Shifts.
6 Resources for SA

One of the remaining aspects of SA design is the resources for SA transmission. In this section we analyze different sizes of SA logical resource pool and T-RPT design aspects for SA.
As it was shown in the SA link budget analysis, the 1 PRB x 2 TTIs allocation is needed for public safety communication. Therefore, at least 2 subframes should be allocated in SA resource pool if 2 TTIs are configured for SA transmission. In order to provide additional interference randomization, time reuse flexibility and possible half-duplex avoidance, the number of subframes in a single SA region may be configured to a larger value, e.g. 16 subframes. In case of out-of-coverage operation the exact SA resource pool configuration should be fixed.

Additionally, to extract the time diversity gains which are shown in section 3.3, the SA logical resource pool may be distributed over SA cycle. However this may bring additional scheduling latency which is not desirable for the delay sensitive VoIP traffic.
To analyze the performance dependence on SA region configuration we take a 160ms SA cycle and different resource pool sizes in terms of allocated subframes [2, 4, 8, and 16]. In frequency the region is composed from 48 PRBs. Note that such a big SA cycle implies to target a strict PER requirement of 0.25% for successful VoIP reception.
We consider the following types of T-RPT for SA:

1) Contiguous – the logical SA region is divided on equal time sub-channels of 2 subframes. The UE selects one of them for transmission of 2 contiguous transmissions with frequency hopping applied;
2) Pseudo-random – the UE pseudo-randomly generates T-RPT inside the SA region. The frequency hopping is applied. Presented as the upper bound since cannot be used in practical systems due ;
3) Deterministic – the deterministic equation time resource hopping as in discovery is applied. The advantage of this approach is that receiving UE may unambiguously combine retransmissions;
All options are also shown for 2 cases: the resources are selected once per simulation, or the re-selection from SA to SA is applied. The results of simulation of the SA transmissions inside periodic SA region are shown in Figure 6.
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	Figure 6. CDF of PER per link of SA transmissions, a) Without re-selection, b) With re-selection


Observation 6
· Contiguous allocation performs worse than pseudo-random and deterministic patterns.
· Deterministic patterns can provide similar performance as the pseudo-random patterns having advantage in construction/reconstruction procedure.

· Pattern reselection leads to performance degradation for the target PER.
· 16 subframes SA region per 160ms SA cycle and deterministic T-RPT provide the best performance with ~97% reliability for SA transmissions on 0.25% PER target.
Proposal 9
· Use deterministic time patterns for SA transmissions.
7 Conclusions

In this contribution we discussed the remaining aspects of SA design: the content, physical structure, frequency hopping, DMRS and time resources. The following proposals were made:
Proposal 1
· Agree on the proposed content for SA.
Proposal 2
· 0.25% BLER target is considered for D2D control information signaling in scheduling assignment subframes.
Proposal 3
· SA retransmissions if configured are based on Chase combining.
Proposal 4
· The transmission bandwidth of single SA transmission is fixed to 1 PRB.

Proposal 5
· Time and/or frequency diversity schemes are used to improve link budget of SA transmissions.

· Up to two SA transmissions are supported for both Mode-1 and Mode-2 resource allocation schemes.

· Number of SA transmissions is configurable parameter.
Proposal 6
· The PUSCH type 1 frequency hopping is used for SA transmissions.
Proposal 7
· Specify a few (e.g. two) TA granularity sets for deployment scenarios with different cell sizes.
· Use eNB signaling to configure TA granularity set to be used by D2D TXs.
· Apply logarithmic timescale to use different TA granularity depending on the difference between SA transmission timing and DL reception timing.
Proposal 8
· Revise the working assumption on DMRS configuration for SA.
· UE randomly selects DMRS from 4 possible configurations: 2 OCC and 2 Cyclic Shifts.
Proposal 9
· Use deterministic time patterns for SA transmissions.
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Appendix A – Link Level Simulation Assumptions
In this section, we provide simulation assumptions for link level evaluation results. The assumptions used for analysis are summarized in tables below:

Table 2: Link level assumptions.

	Parameter
	Values

	Carrier Frequency
	2 GHz

	Channel model
	IMT UMi CDL, velocity = 3 km/h;

	Number of antennas
	1TX, 2RX

	Physical channel
	PUSCH physical channel: 1 and 2 PRBs;  Extended CP

	Channel estimation
	Practical channel estimation (PRB based)

	FEC
	TBCC, CRC = 16 bits, 50 bits payload

	QoS target
	0.25 % residual BLER

	System bandwidth
	10 MHz

	CFO simulation
	Uniform ±0.2 ppm

	TO simulation
	Uniform [0:4.2μs]

	Period for Time Hopping
	40 ms


Table 3: MCL calculation template.

	Parameter
	Value

	Transmitter
	

	(1) Tx power (dBm)
	23

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-174

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	Depends on number of allocated PRBs

	(6) Effective noise power = (2) + (3) + (4) + 10 log10(5) (dBm)

	(7) SINR (dB) 

	(8) Receiver sensitivity  = (6) + (7) (dBm)

	(9) MCL = (1) ( (8) (dB)


Appendix B – System Level Simulation Assumptions

In this section, we provide simulation assumptions for system level evaluation results. The assumptions used for analysis are summarized in tables below:

	Parameter
	Value

	Deployment scenarios
	Out of coverage, Option 5, 57 cells, ISD = 1732m [5]
Hotspot drop (100% outdoor)

	Synchronization
	Ideal synchronization

	D2D spectrum
	700 MHz @ 10 MHz, 48 PRBs are allocated for SA transmissions

	Maximum TX power
	23 dBm

	Power control
	Maximum power transmission

	RSRP threshold
	-107 dBm

	Pathloss model
	According to [5]

	Fast fading model
	According to [5]

	UE antenna configuration
	1 TX, 2 RX

	UE number
	3 transmitters and 29 receivers per cell sector in average

	In-band emission model
	Modeled according to the modified mask from TS 36.101 with {3,6,3,3} specific offsets [5]

	Traffic model
	VoIP traffic with header compression (328 bit payload) according to [5] is generated but only SA transmission of 50 bit is analyzed

	Transmission resource units
	48 frequency channels of 1 PRB

2 TTI transmission
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