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1 Introduction

At the RAN1 #77 meeting, the following agreement was made with respect to the discovery physical channel design [1]:
· For D2D discovery, the scrambling of D2D discovery messages, 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

With respect to the DM-RS transmission, the following agreement was made [1]:

· 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

· FFS: remaining aspects of base sequence, cyclic shift and OCC

· 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

· 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 share our views on the remaining aspects of D2D physical structure.
2 Discussion on Scrambling and DM-RS Signal
According to the agreement in the RAN1 #77 meeting, “the scrambling of D2D discovery messages, 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”. This is mainly defined to simply the design and reduce the complexity at the receiver, e.g., without the need for DM-RS blind detection. As a natural extension, group hopping should be disabled for the generation of DM-RS signals for D2D discovery. The benefits of enabling DM-RS group hopping is not clear since, following the above agreement, the same group hopping initialization would be used by all UEs. Further, disabling group hopping is also beneficial in term of implementation cost and decoding complexity, especially when considering the inter-cell discovery with asynchronous network deployments. Under this scenario, ProSe-enabled devices do not need to track the subframe number for decoding discovery packet if group hopping is disabled.
The same design principle should be applied for the scrambling sequence generation. More specifically, subframe index should not be included in the scrambling seed for D2D discovery, i.e., cinit = 510.
In current LTE specification, two orthogonal cover codes (OCC), [1 1] and [1 -1] are defined for DM-RS signal generation. Note that as only 1 CS (CS = 0) is specified for D2D discovery, it would not be appropriate to randomly select one of OCCs for transmission of the DM-RS signals. This is primarily due to the fact that certain ambiguity occurs between phase rotations of two DM-RS symbols introduced by OCC and large frequency offset. In this case, discovering UE may not be able to differentiate the OCC or estimate frequency offset correctly, and consequently be unable to identify the correct DM-RS sequences. To simply the design, only OCC with [1 1] is specified for D2D discovery. 
Proposal 1
· For D2D discovery, 
· Group hopping is disabled, i.e., u = (510) mod 30 = 0. 

· Scrambling sequence is initialized with cinit = 510.  
· OCC is fixed to [1 1]. 
3 Discussion on Differentiation of PS and non-PS Service

As stated in the SA2 LS [2], “for non-public safety open discovery use case the expected size of the information carried in discovery messages is currently assumed to be 192 bits”. In addition, potential message sizes for public safety (PS) and non-PS D2D discovery may be different. From the perspective of physical layer design, if the final payload sizes for PS and non-PS services are distinct, it would be desirable to define a unified packet generation solution for D2D discovery, which would substantially simply the implementation and allow power-efficient discovery. 
Several options can be considered to differentiate the PS and non-PS service. One straightforward approach is to allocate separate discovery pools for transmission of the PS and non-PS discovery signals. The partitioning and configuration of orthogonal time and frequency resources for the PS and non-PS services can be signalled via SIB by eNB. While this option may reduce the decoding complexity at the receiver, it may not be desirable in terms of resource allocation efficiency when considering dimensioning of discovery resource pools, especially for Type 1 discovery. 
An alternative option is to differentiate the PS and non-PS discovery signal through physical layer. In particular, dedicated PS and non-PS service identity can be defined and employed to scramble the different CRC masks. To further simply the implementation at the receiver to avoid the blind decoding, zero padding may be needed to align the discovery message size between the PS and non-PS services.   

Proposal 2
· RAN1 should specify a simple and efficient mechanism to differentiate the PS and non-PS service. The following options may be considered:

· Separate discovery pools for PS and non-PS services may be configured by eNB. 

· Dedicated PS and non-PS service identity can be defined and employed to scramble the different CRC masks. Further, zero padding may be needed to align the discovery message payload between the PS and non-PS service.
4 Discussion on Discovery Range Classes
In a recent LS to RAN1 WG [3], CT1 WG has asked for confirmation regarding the support of multiple discovery range classes as part of their work on ProSe direct services provisioning parameters. Specifically, to quote from the LS:
CT1 would like to get confirmation from RAN1 that the Authorized discovery range for announcing per PLMN is meant to contain the maximum transmit power at which the UE is allowed to announce in a given PLMN, and if so, which transmit power values should map to the short, medium and long ranges.
To address the requirement of different discovery range classes, as alluded to in the LS itself, D2D UEs may be configured with different maximum transmit power levels corresponding to the three discovery range classes. However, there are certain aspects that should be considered regarding configuration of different UEs with different maximum transmission power levels towards achieving different range classes:

1.   During the RAN1 #77 meeting, it was agreed to apply power control to the eNodeB based on configured P0 and alpha values for discovery signal transmissions. This implies that merely configuring different maximum transmit power levels may not lead to expected differentiation in terms of achievable discovery range depending on the configured values of P0 and alpha for the discovery pool and the relative location of the UE from the eNodeB. This effect can be expected to impact the performance of the long discovery range class the most.
2.  Even without the consideration of power control to the eNodeB, if two UEs, corresponding to long and short discovery range classes, transmit discovery signals on the same resource (possible for Type 1 discovery) or on discovery resources close to each other in frequency, the interference from the UE with long discovery range class can significantly impact the reception of the discovery signals from the short discovery range UE due to an aggravated near-far effect. 
Keeping the above in mind, in order to realize different discovery range classes for different UEs, configuring the UEs with different maximum transmit power levels should be done in conjunction with configuring different discovery transmission resource pools (considering at least Type 1 discovery) corresponding to the different discovery range classes. This can avoid the challenges mentioned above and thereby actually facilitate the requirement of classification of discovery ranges. For instance, a separate transmission resource pool can be configured for UEs with long discovery range with higher value of P0 and alpha = 0 to enable this class of UEs to realize long discovery range irrespective of their relative location from the eNodeB.
Proposal 3

· Configuration of multiple discovery transmission resource pools is supported. 

· The network can configure different transmission resource pools with different P0 and alpha values along with configuration of different maximum transmit power values to support short, medium, and long discovery range classes. 
5 Conclusions

In this contribution, we share our views on the remaining aspects of D2D physical channel design for discovery. Based on the discussion in the previous sections, we summarize our views through the following proposals:

Proposal 1

· For D2D discovery, 

· Group hopping is disabled, i.e., u = (510) mod 30 = 0. 

· Scrambling sequence is initialized with cinit = 510.  
· OCC with [1 1] is specified.

Proposal 2

· RAN1 should specify a simple and efficient mechanism to differentiate the PS and non-PS service. The following options may be considered:

· Separate discovery pools for PS and non-PS services may be configured by eNB. 

· Dedicated PS and non-PS service identity can be defined and employed to scramble the CRC bits. Further, zero padding may be needed to align the discovery message payload between the PS and non-PS service.
Proposal 3

· Configuration of multiple discovery transmission resource pools is supported. 

· The network can configure different transmission resource pools with different P0 and alpha values along with configuration of different maximum transmit power values to support short, medium, and long discovery range classes.
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