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1 Introduction

In this contribution, we discuss scheduling assignments and control information in support of D2D physical channels carrying broadcast communication data and discovery messages.

Accompanying discussion documents [1-4] present our recommendations on physical channel design aspects, resource allocation principles for D2D broadcast data/discovery/control and synchronization procedures.
2 Scheduling assignments
We propose to introduce only one new physical layer channel to support D2D in R12 [1]. We refer to this new L1 D2D channel as Physical D2D Broadcast Channel (PDBCH) in this contribution.

The PDBCH carries broadcast communication data, i.e. VoIP in R12, or it carries discovery payload messages, or it is used to carry accompanying control signaling in the form of scheduling assignments. In our view, different payload types (broadcast data, discovery, control) on the PDBCH are then simply distinguished in L2 through the MAC header.

The PDBCH when carrying broadcast data will contain a single TB mapped from a new D2D Shared Channel (D2D-SCH). Support for basic link adaptation and DRX functionality is provided through Scheduling Assignments.

It is clear that in order to provide a competitive link budget when using LTE radio access for D2D communication data like voice, support for blind HARQ re-transmissions, i.e. some 4-5 re-transmissions per TB are needed. Similarly, for discovery payload message sizes in excess of around 140-160 bits, meeting a reasonable link budget implies spreading a discovery message transmission across at least 2 subframes / TTI’s.
For D2D broadcast communication, the Physical D2D Broadcast Channel (PDBCH) carries either VoIP PDU’s (data) or scheduling assignments (control).

We propose that in R12, no particular optimization is done with respect to multiplexing data and control on PDBCH in the same subframe / TTI. A given PDBCH in a subframe will either contain a scheduling assignment or it will contain data. A given D2D transmitter UE then follows a time-domain pattern, i.e. a D2D multiframe structure to alternate between PDBCH carrying control only versus PDBCH carrying data (Figure 1).

Typically, a given D2D transmitter UE will require 4 subframes every 20ms when transmitting VoIP as a payload using 4 total transmissions per SDU. However, scheduling assignments may not need to follow the same periodicity of 20 ms, and can be sent less frequently in the order of 8-10 times per sec. We propose to align transmission opportunities for scheduling assignments to those required for D2D broadcast communication data with VoIP as payload.

One additional consideration is that out-of-coverage UE’s will also need to transmit D2DSS/PD2DSCH in support of transmitter/receiver synchronization. In order to maintain local oscillator lock, it is necessary to transmit D2DSS every 40-60ms using 2 OFDM symbols occupying 6 PRBs in one subframe. The PD2DSCH can be sent less frequently and when sent is transmitted in a subframe also containing D2DSS from the transmitter UE.
In order to take advantage of co-located transmissions of D2D signals / channels to minimize receiver on-time when monitoring and when receiving VoIP data during a talk spurt, we propose to align the basic multiframe transmission patterns to the 20 ms cycle due to VoIP and 40 ms cycle due to transmission of D2DSS in out-of-coverage.

[image: image1.emf]Time

F

r

e

q

u

e

n

c

y

L

T

E

 

C

h

a

n

n

e

l

 

B

W

,

 

e

x

:

 

1

0

 

M

H

z

P

D

B

C

H

 

(

S

A

)

40 ms transmission period 

for SA carried on PDBCH

P

D

B

C

H

 

(

S

A

)

P

D

B

C

H

 

(

S

A

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

S

A

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

P

D

B

C

H

 

(

V

o

I

P

)

1 Frame (10 ms)

D2DSS

1 Frame (10 ms)

D2DSS

SA in scheduling period n 

allocates for period n+1


Figure 2: Time-domain allocation of PDBCH carrying control (SA) and PDBCH carrying data
In summary, we propose that the SA resource pools are allocated with a periodicity of TSA=40 ms. A PDBCH carrying a scheduling assignment in scheduling period n schedules multiple PDBCH occurrences carrying VoIP for the next scheduling period n+1 to allow for processing and receiver sync. It is possible to configure more than 1 transmission opportunity for PDBCH carrying SA, i.e. 2 per scheduling period in order to provide more decoding robustness.

We note that it is not necessary that the allocation periodicities for PDBCH carrying data follow exactly that of the scheduling assignments. Therefore, it is equally well possible to set the allocation duration of PDBCH carrying VoIP to an integer multiple of TSA such as for example TSA=40 ms and TDATA=160ms with 4 repetitions of a SA for any given VoIP allocation period.
For out-of-coverage D2D transmitters, UEs will send the D2DSS in the same subframe that contains the PDBCH carrying their scheduling assignment. The 2 D2DSS OFDM time-domain symbols will then puncture into the PDBCH REs.
While PDBCH containing data, i.e. VoIP will not contain multiplexed control information, it is possible that D2DSS will puncture into the PDBCH when the allocation period for data is an integer multiple of that used for the scheduling assignments for certain configurations of the data resource pool.
3 Control information

It is the main purpose of the scheduling assignment to convey information about the time / frequency location of upcoming PDBCH transmissions within the D2D data resource pool.

Clearly, full allocation granularity similar to LTE R8 UL grants or DL assignments is not possible to support given that SA should not exceed a payload of up to some 35-40 bits to guarantee link robustness with single TTI transmission comparable to VoIP transmissions using 4 total Tx per PDU and by taking into account that they need to contain a lengthy L2 identifier. 
Therefore, we think the baseline for design of the SA should be to index within a list of resource allocation patterns in time/frequency domain. The design of these allocation patterns should take into account frequency-domain hopping of PDBCH for link robustness and time-domain randomization for allowing receiver tracking of multiple D2D receiver groups with half-duplex transceivers.

Another important design consideration is how to support blind HARQ re-transmissions and whether to indicate NDI for new TB’s. We think that it is undesirable that any form of UCI is multiplexed into PDBCH carrying data for multiple reasons. Firstly, explicit indication of either NDI or RV would result in the need for robust L1 coding comparable to UCI multiplexed into R8 PUSCH, i.e. AN and/or CQI. Secondly, given that fixed time-domain allocation patterns with known periodicities are used, it would be unnecessary to convey an explicit NDI and/or RV given that these patterns follow the needs of the VoIP codec generating a new SDU every 20 ms. 
Therefore, we think the recommended approach to support R12 broadcast data, i.e. VoIP is to fix the number of RV transmissions to 4, start transmission of a new TB in the first allocated transmission opportunity following the SA, then cycle through a known RV sequence. 

For example, using TSA=40 ms and TDATA=40 ms, there will be 8 subframes for VoIP over the 40 ms period resulting in TB1 RV0, RV2, RV3, RV1, then TB2 RV0, RV2, RV3, RV1 being transmitted by the D2D UE.

Another important consideration is whether scheduling assignments should provide for flexibility to set the MCS of upcoming VoIP transmissions. We see some advantage to semi-static link adaptation, however we do not think that a full 5 bit MCS is necessary when limiting VoIP to the use of QPSK only and with typical TB sizes corresponding to R8 TB sizes for VoIP, i.e. 3 bits may be sufficient.

In summary, we think that scheduling assignments should contain the following information,

2 bit extension field (value 00 used for R12 broadcast data carrying VoIP)

8 bit L2 broadcast ID (derived from ProSe higher layer identifiers)
3 bit shortened MCS setting (limited to QPSK and VoIP TB sets for R12)

7 bit time/frequency allocation pattern (next scheduling period n+1, supporting different BW allocations)

1 bit CP length (to allow for flexibility in setting the appropriate CP length for individual scheduling periods)

4 bit shortened TA value (derived from eNB TA value for transmitting UE when using UL timing)

12 or 16 bit CRC
4 Conclusion

In this contribution, we discuss scheduling assignments and control information in support of D2D physical channels carrying broadcast communication data and discovery messages.

In summary we propose,

1. No control information is multiplexed into the new R12 L1 broadcast channel (PDBCH) when carrying data
2. A scheduling assignment (SA) carries a 2 bit extension field, 8 bit L2 broadcast ID, 3 bit shortened MCS, 7 bit time/frequency allocation patter, 1 bit CP length, 4 bit shortened TA and 12 or 16 bit CRC

3. A received scheduling assignment in scheduling period n allocates PDBCH in scheduling period n+1. Possibly, the allocation period for PDBCH can be an integer multiple of the scheduling period used for SA.
4. Scheduling assignments for D2D broadcast data are transmitted at least every 40 ms and the D2DSS is punctured into a subframe containing the SA for out-of-coverage D2D transmitter UEs.

5. NDI and RV sequence for a PDBCH transmission are implicitly derived through the allocated subframe sequence obtained from the scheduling assignment
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