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1
Introduction
This contribution discusses the physical channel design for scheduling assignment. In RAN1 #76 meeting, we reached agreements regarding the scheduling of D2D broadcast communication as following [1]. 

Working assumptions

· For D2D broadcast communication, scheduling assignments that at least indicate the location of the resource(s) for reception of the associated physical channel that carries D2D data are transmitted by the broadcasting UE

· The indication of resource(s) for reception may be implicit and/or explicit based on scheduling assignment resource or content

· Scheduling assignments use PUSCH structure for transmission

· Details of PUSCH structure including DMRS and RE mapping are FFS

· At least the following are not precluded from further study: Scheduling assignments piggybacked with data, or indicated over DMRS

· For Mode 2

· A resource pool for scheduling assignment is pre-configured and/or semi-statically allocated

· FFS whether the resource pool for scheduling assignment is same as the resource pool for D2D data 

· UE on its own selects the resource for scheduling assignment from the resource pool for scheduling assignment to transmit its scheduling assignment

· For Mode 1 

· the location of the resources for transmission of the scheduling assignment by the broadcasting UE comes from the eNodeB 

· the location of the resource(s) for transmission of the D2D data by the broadcasting UE comes from the eNodeB 

In this document, we discuss physical channel design of scheduling assignment and relevant data transmission.
2
Information for scheduling assignment
For the physical channel design of the scheduling assignment (SA), we need to discuss first the required information for the scheduling assignment. In this section, we briefly touch this issue leaving the detailed discussion in [2]. 
· Resource allocation information: scheduling assignment is the contention based transmission. If the scheduling assignment indicates resource allocation flexibly, there would be additional collision between data transmissions assigned by different scheduling assignments. Therefore the resource for the data transmission should be implicitly indicated by the resource of the scheduling assignment

· MCS indication: D2D communication in Rel-12 is based on broadcast transmissions without L1/L2 feedback. The support of variable MCS levels would not necessarily provide a benefit for the broadcast transmission. MCS level can be pre-configured or fixed inside a resource pool.
· Blind retransmission related information: It is a working assumption that blind retransmissions are supported for D2D broadcast communication. Thus, we may need to have either NDI or RV depending on the retransmission combining scheme.
Observation:
· Only blind retransmission related information (NDI or RV) is required for the scheduling assignment
3
Physical channel design
We have agreed that the scheduling assignment uses PUSCH structure for transmission and it can also be piggybacked with data, or indicated over DMRS. Based on the observation that only NDI or RV information is required, the information size of the scheduling assignment is very small and we do not need to have a separate physical channel for the transmission of scheduling assignment information. In that perspective, we propose to use DMRS for the indication of scheduling assignment. 
By using DMRS based scheduling assignment, D2D reception operation becomes simple. D2D RX UE monitors resource pool for scheduling assignments by detecting DMRS to determine whether there is data transmission. If a DMRS is detected in a certain resource, UE receive the data transmitted in the same subframe with the DMRS and also receive the retransmission data for the combining. The resources for the retransmission should be implicitly indicated by the first transmission in order to avoid unnecessary collision of data.
Since the Rx UE relies on DMRS for the data reception, DMRS detection should be sufficiently reliable. However the current PUSCH DMRS structure is designed mainly for the channel estimation of PUSCH data so that the detection property is not guaranteed. Coverage of the scheduling assignment should also be taken into account. As we support blind retransmission, the coverage of D2D broadcast communication is increased. The scheduling assignment should support at least the same coverage with the data. Therefore, modified DMRS structure should be introduced to support reliable DMRS detection and coverage extension. While two SC-FDMA symbols out of 14 (or 12) are used for DMRS in current PUSCH, we may add more SC-FDMA symbols for the DMRS in scheduling assignment subframe. Detailed physical structure is illustrated in figure 1. For the retransmission, normal DMRS seems sufficient since DMRS only works for channel estimation in this case.
Blind retransmission related information (NDI or RV) can also be implicitly mapped to the first transmission. Since Tx and Rx knows where first transmission and where retransmissions occurs, we can assume that NDI is implicitly indicated. Since the amounts of physical resource for first transmission and retransmissions are different, different RV can be used for the first transmission and retransmissions. There might be two options for the decision of RV. First option is that pre-defined RV can be implicitly mapped to each transmission. The other option is indicating RV explicitly using DMRS, e.g. OCC. For simplicity option 1 is preferred.
There was a discussion in RAN1 #76 that separate resource pool for scheduling assignments can be considered to save the battery consumption of RX UEs. However, if the scheduling assignment is transmitted only in limited resource, there could be degradation on resource utilization and delay property as well. DMRS based scheduling assignment can be applicable in both cases. This should be discussed further considering possible power consumption benefit and performance degradation.
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Figure 1: DMRS design for scheduling assignment and data
Proposal:
· Scheduling assignment is indicated by the DMRS of the first data transmission
· Modified DMRS is used for the first D2D broadcast transmission
· Redundancy version (RV) can be implicitly decided according to the detection of first transmission
· Separate resource pool for scheduling assignments are FFS
4
Multiplexing 

RAN1 agreed that we have a resource pool configuration for D2D scheduling assignment and broadcast communication as well at least for mode-2 operation. In public safety scenario, it is likely that a resource pool is defined for each D2D public safety group, policemen group, firemen group, etc. Therefore all UEs in a given resource pool should be able to receive all broadcast data transmitted in the resource pool.
Inside a resource pool, how to multiplex D2D data is an open issue. WAN can use both FDM and TDM since there is no constraint. However, D2D has half duplex constraint. If FDM is assumed, Tx UEs cannot receive other UEs that are also transmitting D2D data at the same subframe. This violates the general concept of broadcasting where all UEs in a given resource pool should be able to receive the broadcast data, especially in the case that UEs are in the same public safety group.The simplest way to resolve the half duplex issue is to use TDM. However, for the flexible utilization of resources, FDM may have benefits. 

Considering above aspects, we propose to have TDM as a baseline at least under the same resource pool. If FDM is used, half duplex problem should be resolved.
Proposal:
· TDM is the baseline for the multiplexing of D2D scheduling assignment and broadcast data inside a resource pool
· If FDM is used, half duplex problem should be resolved

5
Conclusion

Based on the discussion in this contribution, we propose following.
Proposal:
· Scheduling assignment is indicated by the DMRS of the first data transmission
· Modified DMRS is used for the first D2D broadcast transmission
· Redundancy version (RV) can be implicitly decided according to the detection of first transmission
· Separate resource pool for scheduling assignments are FFS
· TDM is the baseline for the multiplexing of D2D data inside a resource pool
· If FDM is used, half duplexing constraint should be taken into account
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