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1
Introduction
At RAN1 #76, following key agreements were made for control of D2D communication [1]:

	· Resource allocation:

· Mode 1: eNodeB or rel-10 relay node schedules the exact resources  -- supported in-coverage

· Mode 2: UE on its own selects resources from resource pools –  at least in edge/out-of-coverage

· Scheduling assignments (SA): indicate the resource(s) for reception of the associated D2D data
· Additional control (observations): NDI, Tx UE ID, MCS/RV were identified as possible control


First of all, to avoid any confusion in future it is better to align naming convention with convention used for D2D Discovery. So here onward Mode 1 is called Type 2 (eNB scheduled resource allocation) and Mode 2 is called Type 1 (UE autonomous resource selection).
In this contribution, we present a design for control of D2D communication. In particular, the following key design ideas are proposed:

· SAs  (discussed in Section 3 – applies to both Type 1 and Type 2) 
a. Retransmissions of SA is supported and follows a fixed hopping pattern 

b. SAs carry additional control in addition to resources for reception
· Additional control information (discussed in Section 4 – applies to both Type 1 and Type 2).
a. Following additional control information is sent over SA: MCS/RV for data, Target ID

b. Following additional control is multiplexed with data: NDI via DMRS 

c. No additional control channel is defined 

Before discussing the design for SA and additional control, we briefly summarize the relevant parts of a companion contribution [2] in Section 2. 
2  
Summary of resource allocation signalling from eNB (Type 2)
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Figure 1 Overall signalling flow for D2D grants and SA (FDD)

Overall proposed signalling flow is depicted in Figure 1. In a companion contribution, we have presented a detailed design for scheduling of D2D SA and Data by the eNodeB [2].  

Below we summarize the proposals from [2] that are relevant to this contribution: 

	Proposal 1: Type 2 (eNB Scheduled) scheduling reuses existing PDCCH and DCI format 0 for D2D grants from eNB.

Proposal 6: SA resource pool is signaled through SIB (in or edge-of-coverage) or is pre-configured (out-of-coverage).

Proposal 10: the number and pattern of retransmissions of a given packet are signaled through RRC and a D2D-data grant accordingly signals the resources for retransmissions of a packet.

Proposal 11: SPS scheduling of both SA and data is supported.

Proposal 13: the number and pattern of retransmissions of a given packet signaled through RRC also apply to SPS scheduling of data transmission.


3  
Scheduling assignments (Type 1 and Type  2)
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Figure 3  SA resource pool and scheduling
In this section, we discuss content and transmission of SA. 
We assume that an SA resource pool is signaled through SIB or is pre-configured, and occupies a small fraction of system resource (e.g. 4 ms. every 160 ms.).
In Section 3.1, we discuss the content of scheduling assignment and in Section 3.2; we discuss transmission of scheduling assignments.
3.1 Content of scheduling assignments

At a high level, we propose two types of control information in SA:

1. Information related to resources for data reception 

a. RB assignment  

b. Number and pattern of retransmissions 

c. Frequency hopping pattern 

d. SPS (incl. periodicity) of data
2. Additional control information for data reception 
a. Target ID  -- compressed  (used to scramble CRC similar to current PDCCH)
b. MCS/RV of data

c. Timing advance of data
We note that for Type 2, the resource information comes from the eNodeB while for Type 1; the resource information is determined by the UE. However, both Types can use the same format for signaling. We further note that we propose same design for both Type 1 and Type 2 – however for Type 2, some fields may be reserved or interpreted differently by the receivers as compared to Type 1. Hence a Type 1/2 disambiguation flag is provided within the SA. 
Proposal 1: SA includes number and pattern of retransmissions of data and SPS information. 
Proposal 2: SA includes additional control including Target ID, MCS/RV and TA of data
Proposal 3: SA CRC is scrambled with Target ID (similar to current PDCCH). 
Additional details regarding SA contents are given in Table 3. 
Table 3 Format used for scheduling assignments

	Field Name
	Length
	Note

	Type disambiguation flag
	1
	Used to distinguish Type 1 vs Type 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

	Retransmission pattern 
	3
	Used for time randomization

	Number of retransmissions/packet
	2
	

	SPS information
	6
	 

	MCS and RV
	5
	 

	Timing advance of data
	4
	

	For future use
	10 
	Reserved


3.2 Transmission of scheduling assignments

In this section, we discuss details of transmission of scheduling assignment following the working assumption of using PUSCH for SAs made at RAN1 #76.

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 latency constraints on SA transmissions. Results for multiple transmissions with frequency diversity are provided in Figure 3 below.
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Figure 4 SA Link Performance
We note that retransmission of SA are needed to meet either the -107 or -112 dBm design threshold. Based on results in Figure 3, we make the following observation and proposal.

Observation 1: 2 transmissions of SA are needed to meet -107 dBm targets, and 3 to 4 transmissions of SA are needed to meet -112 dBm design target depending on target BER.

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 scheduling assignment is fixed PRB size (e.g. 1 PRB pair).
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Additional control for D2D broadcast (Type 1 & Type 2)
We note the following observations were made in [1]:

	Study further until RAN1#76bis which of the following items of control signalling are needed for D2D data communication, including how these relate to the means for a receiving UE to identify which D2D data transmissions can be combined.

· NDI

· Tx UE ID 

· Explicit RV indicator

· MCS indication

· Others are not precluded


As discussed in Section 3, we propose MCS/RV and Target 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 1 bit NDI 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. Two possible DMRS choices are known at the receiver – we choose two DMRS with maximum cyclic shift

a. Design proposal for this is to determine these using Target ID

b. Symbols 3 and 10 both use the same DMRS cyclic shift – 2 RB transmissions. 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 Target ID). 
3. Receiver employs a simple binary non-coherent sequence detector  
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Figure 5 DMRS Blind Detection Results
We make the following observation and proposal based on link level simulation results:

Observation 2: NDI transmission through DMRS has adequate performance for -107dBm and -112 dBm design targets

Proposal 6: 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: SA includes number and pattern of retransmissions of data and SPS information. 

Proposal 2: SA includes additional control including Target ID, MCS/RV and TA of data
Proposal 3: SA CRC is scrambled with Target ID (similar to current PDCCH).

Proposal 4: SAs are transmitted using DL timing (T2 = 0 for FDD and T2 = 624Ts for TDD). 

Observation 1: 2 transmissions of SA are needed to meet -107 dBm target, and 3 to 4 transmissions of SA are needed to meet -112 dBm design target depending on target BER.

Proposal 5: blind re-transmissions with pre-specified frequency hopping pattern and number of re-transmissions are supported for SA transmissions.  

Observation 2: NDI transmission through DMRS has adequate performance for -107dBm and -112 dBm design targets

Proposal 6: NDI is transmitted through DMRS cyclic shift selection
References
[1] Chairman’s notes, RAN WG1 #76, Prague, Czech Republic, Feb, 2014
[2] R1-141451, “eNB resource allocation for D2D broadcast communication”, Qualcomm Inc.
PAGE  
6/7

_1456737577.vsd
�

Data


SA


SA1


D1


D2


D3


4ms


Data


SA


D2D-SA-Grant


DSG


DDG


D2D-Data-Grant


UL Spectrum


DL Spectrum


Data



_1456141698.vsd
Data


SA


SA1


D1


D2


D3


4ms


~ 160 ms



