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1
Introduction
At RAN1 #76BIS, following key agreement was made for control of D2D communication [1]:

	Agreement: 

Apart from data channel (and associated DMRS) and scheduling assignment (and possible PD2DSCH), no separate L1 D2D control channel is defined. 


Given this agreement, we focus this contribution on scheduling assignments (SA) and NDI signaling through DMRS.  
In particular, the following key design ideas are proposed:

· SAs  (discussed in Section 2 – applies to both Mode 1 and Mode 2) 
a. SAs carry additional control in addition to resources for reception
b. Retransmissions of SA is supported and follows a fixed hopping pattern 

· NDI signaling through DMRS (discussed in Section 4 – applies to both Mode 1 and Mode 2).
2  
Scheduling assignments (Mode 1 and 2)
In this section, we discuss scheduling assignments. In particular:

· Content of SA  is discussed in Section 2.1
·  Transmission of SA is discussed in in Section 2.2. 
· Half duplex problem in SA is discussed in Section 2.3

2.1 Content of scheduling assignments

Following agreements were made for content of SA at #76BIS [1]:  

	Agreements:
· One or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined
· RPT is either implicitly or explicitly signaled in SA

Agreement:

· MCS indication is provided dynamically per SA with 5 bits, using the existing 5-bit UL MCS table

· The MCS indication is included in SA

Agreement

· The SA includes an ID of N bits (N<=16, working assumption N=8) with at least the following purpose:

· to enable the UE to reduce the probability of decoding of data packets the UE is not interested in

· FFS what the ID is derived from

· Not precluding scrambling SA CRC 


In response to these agreements, following decisions were made in RAN2 which were conveyed to RAN1 in [3]. 

	RAN2 Agreements:
1
In case of group- and uni-cast, L2 will convert the higher layer ProSe ID address identifying the destination (UE, Group) into two bit strings of which one can be forwarded to L1 and used as L1 ID whereas the other is used as L2 destination address. 

2
For broadcast L2 can indicate to L1 that it is a broadcast transmission. As baseline RAN2 assumes that this indication is a pre-defined L1 ID in the same format as for group- and unicast.

3
RAN2 has no preference for the L1 ID size. RAN2 sees no problem providing an ID of a size as indicated in the RAN1 LS (e.g. 8 or 16).


Following the agreements made at #76BIS both in RAN1 and RAN2, we propose two types of control information in SA:

1. Information related to resources for data reception 

a. RB assignment  

b. RPT for retransmission patterns
c. Frequency hopping pattern 

d. SPS (incl. periodicity) of data
2. Additional control information for data reception 
a. RV – 1 bit information indicating IR or CC
b. Timing advance of data
c. Destination ID by scrambling SA CRC

We note that for Mode 1, the resource information comes from the eNodeB while for Mode 2; the resource information is determined by the UE. However, both Modes can use the same format for signaling. We further note that we propose same design for both Mode 2 and Mode 1 – however for Mode 1, some fields may be reserved or interpreted differently by the receivers as compared to Mode 2. Hence a Mode 1/2 disambiguation flag is provided within the SA. 
Proposal 1: In addition to RPT, SA includes number of retransmissions per MAC PDU and SPS information for multiple MAC PDUs 
Proposal 2: SA includes the following additional control information RV and TA of data
Proposal 3: SA CRC is scrambled with Destination ID (similar to current PDCCH). 
Additional details regarding SA contents are given in Table 3. Design of RPT itself is discussed in Section 2.1.1.
Table 1 Format used for scheduling assignments

	Field Name
	Length
	Note

	Mode disambiguation flag
	1
	Used to distinguish Mode 1 vs Mode 2

	Hopping flag
	1
	 Used to indicate frequency hopping

	N_Ulhop
	1 (1.4 MHz)
1 (3 MHz)
1 (5 MHz)
2 (10 MHz)
2 (15 MHz)
2 (20 MHz)
	 Propose to limit to inter-sub-frame   hopping.

	Resource block assignment
	5 (1.4 MHz)
7 (3 MHz)
7 (5 MHz)
11 (10 MHz)
12 (15 MHz)
13 (20 MHz)
	 Used to indicate D2D data resource in frequency

	RPT
	3
	Used for time randomization

	Number of retransmissions/packet
	2
	

	SPS information
	6
	 

	MCS

	5
	 

	RV
	1
	Indicates whether IR or CC is used

	Timing advance of data
	11
	

	For future use
	5
	Reserved


2.1.1 Design of RPT

We propose a 3 bit RPTs b0b1b2 which are used as follow:

1. b0 – regular or irregular RPT

a. Regular refers to the same duration between two consecutive re-transmissions

b. Regular pattern can be more useful for Mode 1 as it can simplify WAN UL and D2D multiplexing since WAN UL uses a synchronous H-ARQ

2. b1b2 – average duration between two re-transmissions – takes values 1, 2, 4, 8
a. For regular RPT, these correspond to exact duration between two re-transmissions

b. For irregular RPT, additional randomization (potentially based on Destination ID) can be used

2.2 Transmission of scheduling assignments

Following agreements were made for content of SA at #76BIS including design target RSRP [1] .  
	Agreement:

· The MCS for SA is fixed in the specifications 

· The modulation used for SA is QPSK

· If multiple transmission opportunities of the same SA are supported

· FFS whether one or more RPT are defined for (re)-transmissions of SAs
Agreement: 

As good or better than -107 dBm is the design target for D2D VoIP communication.
Agreement: 

· For Discovery and data communication and SA
· No modification to (PUSCH) interleaver 
· Scrambling seed of the SA is fixed in the specifications




We note that these agreements were following the working assumption of using PUSCH for SAs made at RAN1 #76 [2].

In order to allow receivers in RRC_IDLE to receiver scheduling assignments, we propose that the SAs use downlink timing. 

Proposal 4: SAs are transmitted using DL timing (T2 = 0 for FDD and T2 = 624Ts for TDD). 
Next, we look at the link level design of SA with a particular focus on blind re-transmissions. We note that frequency diversity technique is more appropriate for SA compared to time diversity due to latency constraints on SA transmissions. Results for multiple transmissions with frequency diversity are provided in Figure 1 below.
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Figure 1 SA Link Performance
First, we note that the SA reliability target should be more stringent that VoIP target of 2% since lost SA can translate to multiple VoIP packets being lost.

Observation 1: SA BLER target should be less than VoIP target of 2% -- a target of 0.5% is suggested for SA. 
We note that retransmissions of SA are needed to meet the -107 dBm design target for 0.5% BLER. Based on the results in Figure 1, we make the following observation and proposal.

Observation 2: 2 transmissions of SA are needed to meet -107 dBm design target.

Proposal 5: blind re-transmissions with pre-specified frequency hopping pattern and number of re-transmissions are supported for SA transmissions.  
We also propose that each transmission of SA is fixed PRB size (e.g. 1 PRB pair).
2.2.1 Coding for SA

In this section, we discuss coding for SA. First, we observe that PUSCH currently used Turbo coding for all message sizes (40 bits or higher). 


Observation 3: PUSCH currently uses Turbo coding for all message sizes.

However, given that the expected message size of SA is small, TBCC can be considered instead of Turbo coding. A comparison of TBCC and Turbo is provided in Figure 3. Based on the results, we make the following observation and proposal.
Observation 4: TBCC performs better (by 0.3-0.5 dB) than Turbo depending on SA message size.

Proposal 6: For SA transmission, Rel-8 TBCC is used instead of Turbo codes for PUSCH.
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Figure 2 TBCC vs Turbo for SA

2.3 Half duplex problem in SA
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Figure 3  SA resource pool and scheduling
We note that the following agreement was made at #76BIS for SA resources [1] which is illustrated in Figure 3.  

	Agreements:
· Semi-static pool(s) of resources can be allocated for SA


At RAN1 #76BIS, many contributions considered the problem of half duplex in SA where a UE that transmits an SA is also able to receive SAs from other UEs.  One of the main reasons for this can be interference management by  detecting resources used by other transmitters (see e.g. [4], [5]) --  in our view, this does not provide significant gains at a system level which is discussed in a companion contribution [6]. 

3 
Additional control for D2D broadcast (Mode 1 & 2)
As discussed in Section 3, we propose MCS/RV and Destination ID are sent using scheduling assignments. We additionally propose that NDI be multiplexed with data using DMRS – this needs to be decoded blindly at the receiver. Figure 5 shows performance for 2 bit detection through DMRS blind detection at a link level. Following simulation assumptions are used:

1. Channel model: ITU UMi NLOS at 700 MHz, reduced variability

2. Four possible DMRS choices are known at the receiver – we choose four DMRS with maximum cyclic shift

a. Design proposal for this is to determine these using Destination ID
b. Symbols 3 and 10 both use the same DMRS cyclic shift with 2 RB transmissions. 
i. We note that one can also use different DMRS sequences for the two symbols with the maximum shift between the two NDI choices (this would also be done based on the Destination ID). 
3. Receiver employs a simple binary non-coherent sequence detector  
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Figure 4 DMRS Blind Detection Results
We make the following observations and proposal based on link level simulation results:

Observation 5: 2 bits can be transmitted through DMRS with adequate performance for -107dBm design targets

Observation 6: due to non-coherent combining across two symbols, the performance is robust to frequency offset errors

Proposal 7: NDI is transmitted through DMRS cyclic shift selection
We note that signaling NDI gives flexibility to the transmitter to start a new packet transmission based on actual packet arrivals.
5 
Conclusion

In this contribution, we talked about control for D2D broadcast communication and made the following observations and proposals:  

Proposal 1: In addition to RPT, SA includes number of retransmissions per MAC PDU and SPS information for multiple MAC PDUs 
Proposal 2: SA includes the following additional control information RV and TA of data
Proposal 3: SA CRC is scrambled with Destination ID (similar to current PDCCH). 
Proposal 4: SAs are transmitted using DL timing (T2 = 0 for FDD and T2 = 624Ts for TDD). 
Observation 1: SA BLER target should be less than VoIP target of 2% -- a target of 0.5% is suggested for SA. 
Observation 2: 2 transmissions of SA are needed to meet -107 dBm design target.

Proposal 5: blind re-transmissions with pre-specified frequency hopping pattern and number of re-transmissions are supported for SA transmissions.  
Observation 3: PUSCH currently uses Turbo coding for all message sizes.

Observation 4: TBCC performs better (by 0.3-0.5 dB) than Turbo depending on SA message size.

Proposal 6: For SA transmission, Rel-8 TBCC is used instead of Turbo codes for PUSCH.

Observation 5: 2 bits can be transmitted through DMRS with adequate performance for -107dBm design targets

Observation 6: due to non-coherent combining across two symbols, the performance is robust to frequency offset errors

Proposal 7: NDI is transmitted through DMRS cyclic shift selection
References
[1] Chairman’s notes, RAN WG1 #76BIS, Shenzhen, China, Apr, 2014
[2] Chairman’s notes, RAN WG1 #76, Prague, Czech Republic, Feb, 2014
[3] R1-141906, “Reply LS on identifier in scheduling assignment for D2D communication”, RAN2
[4] R1-141256, “Distributed resource allocation for D2D communication”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, RAN1 #76BIS

[5] R1-141425, “Distributed Resource Allocation for D2D Communication”,  ZTE
[6] R1-141969, “Resource allocation for Mode 2 D2D broadcast communication”, Qualcomm Inc.
PAGE  
1/8

_1460388281.vsd
Data


SA


SA1


D11


D12


D13


4ms


~ 160 ms


SA2


D21


D22


D23



