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1 Introduction

In the last meeting, significant progress was achieved on LAA DRS design. In this contribution, we present our views on the remaining details of DRS design. CSI-RS related issues for DRS are treated in our companion paper [1].
2 DRS LBT Energy Detection Threshold
In the last RAN1 meeting, the following agreement was reached regarding the DRS LBT design.
Agreements:
· A DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC immediately follows a single idle observation interval of at least 25 us

· The total duration of the DL transmission burst is not longer than 1 ms (i.e. x = 0 from previous agreement)

· FFS: ED threshold used

For the remaining FFS of ED threshold used for DRS, the decision should depend also on the outcome of ED threshold adaptation discussion for data. It would be reasonable to consider applying a common rule to both DRS and data transmission with the possibility of including some relaxation margin for DRS due to its low duty cycle access and short transmission duration. For example, the maximum ED threshold for DRS can be the same or greater (within a predefined margin) than the maximum ED threshold for data, which may depend on eNB’s capability/functionality of detecting an on-going Wi-Fi transmission [4]. If only a fixed maximum ED threshold for DRS is adopted, then it should be the maximum of all scenario-dependent maximum ED thresholds. 
Proposal 1: Maximum energy detection threshold for DRS should be the same or greater (within a predefined margin) than that applied for data transmission.
3 DRS SSS/RS Sequences
During RAN1#82 the following agreement was reached regarding the sequence generation for SSS/RS in subframes with DRS:

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

· FFS: other alternatives

The alternatives were further refined as the following options in [2]:

· Option 1) Within DMTC, SSS/CRS/CSI-RS sequence in DRS follows Rel-12 SSS/CRS/CSI-RS sequence for subframe 0 when DRS is transmitted in subframe 0~4 and Rel-12 SSS/CRS/CSI-RS sequence for subframe 5 when DRS is transmitted in subframe 5~9.
· Option 2) Within DMTC, SSS sequence in DRS follows Rel-12 SSS sequence for subframe 0 when DRS is transmitted in subframe 0~4 and Rel-12 SSS sequence for subframe 5 when DRS is transmitted in subframe 5~9. CRS/CSI-RS sequence in DRS follows Rel-12
· Option 3) Within DMTC, SSS/CRS/CSI-RS sequence in DRS follows Rel-12 SSS/CRS/CSI-RS sequence for subframe 0.
Since it has been agreed that Rel-12 PSS/SSS/CRS is always transmitted in subframe 0 and 5 (subject to LBT), and they are meant to be detected by non-serving UEs, this means that Option 3 should be ruled out. Between Option 1 and Option 2, Option 1 avoids the need for UE to blindly detect the sequences used for CRS/CSI-RS of DRS. Therefore, it would be preferable in terms of UE implementation complexity and detection performance to adopt Option 1.  
Proposal 2: Within DMTC, SSS/CRS/CSI-RS sequence in DRS follows Rel-12 SSS/CRS/CSI-RS sequence for subframe 0 when DRS is transmitted in subframe 0~4 and Rel-12 SSS/CRS/CSI-RS sequence for subframe 5 when DRS is transmitted in subframe 5~9.
4 Multiplexing of DRS and PDSCH

Another open issue is the support for multiplexing of DRS and PDSCH as mentioned in the RAN1#82 working assumption:
Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH

· FFS how to multiplex DRS and PDSCH in a same subframe 

· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 

In our view, to increase scheduling flexibility and DRS transmission opportunities it would be beneficial to support DRS multiplexing with PDSCH with PDSCH in subframes other than subframe 0 and 5. Clearly, the UE should be aware of the multiplexing in order to perform the appropriate rate matching for EPDCCH/PDSCH, and this can be done via UE blind detection of DRS as explained in our companion paper on control signalling in [3]. 
It is noted that if multiple signals with the DRS structure appear in the same DMTC window, e.g. PSS/SSS/CRS in subframe 0/5 and DRS in another subframe, there may be ambiguity at the UE about which “DRS”  signal should be considered is actually the DRS for the purpose of both RRM measurement and CSI measurement (if configured). This may also impact the assumption of PDSCH/EPDCCH rate matching around these signals if for example, the periodic CSI-RS/CSI-IM collides with the DRS CSI-RS. To avoid such potential confusion, the eNB could decide not to transmit DRS later than subframe 0/5 if PSS/SSS/CRS is already transmitted in subframe 0/5 in the same DMTC. Correspondingly, UE may assume the first detected PSS/SSS/CRS in DMTC is the DRS for the purpose of both RRM measurement and CSI measurement (if configured). For other CSI-RS related issues (e.g. potential collision between DRS CSI-RS and periodic CSI-RS), please refer to our companion paper on CSI measurement in [1].
Proposal 3: DRS can be multiplexed with PDSCH in subframes other than subframe 0 and 5. 
5 Conclusions
In this contribution, we discussed the remaining details of LAA DRS design. Our proposals are summarized below:
Proposal 1: Maximum energy detection threshold for DRS should be the same or greater (within a predefined margin) than that applied for data transmission.
Proposal 2: Within DMTC, SSS/CRS/CSI-RS sequence in DRS follows Rel-12 SSS/CRS/CSI-RS sequence for subframe 0 when DRS is transmitted in subframe 0~4 and Rel-12 SSS/CRS/CSI-RS sequence for subframe 5 when DRS is transmitted in subframe 5~9.

Proposal 3: DRS can be multiplexed with PDSCH in subframes other than subframe 0 and 5. 
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