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1. Introduction

In RAN1#82bis, reuse of Rel-12 DRS structure for LAA was agreed as follows [1].
Agreements (RAN1#82bis):

· The signals comprising the LAA DRS are the same as symbols 0-11 of the Rel-12 DRS for FDD (LAA assumes normal CP)

· DRS occasion duration is 12 symbols

· NZP-CSI-RS of the Rel-12 DRS can be transmitted in symbols #9 and #10, if configured

Working assumptions (RAN1#82bis):

· SINR side condition or detection probability for LAA cell detection performance requirement(s) can be relaxed compared to Rel-12

· Cell detection with a single DRS occasion is supported based on existing PSS/SSS
· Send LS to RAN4 to confirm feasibility of cell detection with a single DRS occasion to decide SINR side condition and cell detection probability

· Detection probability associated with transmission burst can be discussed further

According to the RAN1 decision, RAN4 will evaluate the performance of DRS for LAA, and depending on the evaluation results, RAN1 may or may not need to revisit DRS design for further performance enhancements

Another point to be decided by RAN1 is details of multiplexing of DRS transmission with (E)PDCCH/PDSCH and CRS/CSI-RS/CSI-IM. So far, the followings were agreed [2].
Working assumption (RAN1#82):

· 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 

Agreements (RAN1#82):

· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· 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

In this paper, we discuss remaining issues for DRS transmission in LAA.
2. Performance enhancement of DRS
Depending on the further evaluation of detection/measurement performances with DRS in RAN4, enhancement of existing DRS structure may or may not be necessary. As discussed in [3], our suggestions for potential enhancements on top of the Rel-12 DRS structure are as follows.
· If PSS/SSS performance enhancement is necessary, repetition of PSS/SSS in multiple OFDM symbols can be considered first.

· If CRS performance enhancement is necessary, CRS RE density in a DRS subframe can be increased than in Rel-12.

· If CSI-RS performance enhancement is necessary, CSI-RS RE density in a DRS subframe can be increased than in Rel-12.
3. Detailed design of DRS transmission

In this section, we discuss further details of DRS design considering multiplexing DRS transmission with (E)PDCCH/PDSCH and CRS/CSI-RS/CSI-IM.
3.1. DRS scrambling sequence generation

According to the current agreement, DRS can be transmitted in any subframe within DMTC (or even outside DMTC) configured to a UE. In case of neighbour cell measurement, UE may not know the subframe index of a carrier where it should detect DRS within DMTC. In this case, if DRS scrambling sequence is tied to each subframe index as in Rel-12, UE may have to blindly detect 5 or 6 DRS scrambling sequences. Therefore, not to introduce too much blind detection at UE, we suggest the following design of DRS scrambling sequence.
Suggestion 1: Scrambling sequences of PSS/SSS/CRS/CSI-RS composing DRS are generated using subframe index 0 when transmitted in subframe 0~4, and using subframe index 5 when transmitted in subframe 5~9
3.2. Multiplexing DRS and (E)PDCCH/PDSCH in subframe 0/5

It was already agreed DRS can be multiplexed with PDSCH at least in subframe 0/5. Therefore, it is natural to allow multiplexing DRS with (E)PDCCH at least in subframe 0/5 as well. 

Suggestion 2: DRS can be multiplexed with (E)PDCCH in subframe 0 and 5
Then, we discuss further details regarding rate matching of EPDCCH/PDSCH considering both cases of “full TTI” and “partial TTI”.
Rate matching for EPDCCH/PDSCH in full TTI subframe
· PSS/SSS/CRS: There is no issue since PSS/SSS/CRS are always transmitted in subframe 0 and 5
· DRS-CSI-RS (NZP-CSI-RS for DRS): UE follows ZP-CSI-RS configuration and it is up to eNB how to handle DRS-CSI-RS rate matching by ZP-CSI-RS configuration
Rate matching for EPDCCH/PDSCH in ending partial TTI subframe
Since DRS occasion consists of 12 symbols, it is natural to consider support of multiplexing DRS transmission in subframe 0 or 5 with (E)PDCCH/PDSCH in ending partial TTI subframe with 12 [and 13] symbol length.
· PSS/SSS/CRS: There is no issue since PSS/SSS/CRS are always transmitted in subframe 0 and 5

· DRS-CSI-RS: depending on further decision on the CSI-RS support in DwPTS (related to FD-MIMO discussion), following options can be considered.
· option 1) UE follows ZP-CSI-RS configuration assuming ZP-CSI-RS RE mapping defined for full TTI subframe is applied even in an ending partial TTI subframe
· option 2) UE doesn’t apply ZP-CSI-RS for ending partial TTI subframe (with this option, network may not support DRS-CSI-RS multiplexing with EPDCCH/PDSCH in ending partial TTI subframe)
Suggestion 3: DRS can be multiplexed with (E)PDCCH/PDSCH in subframe 0 and 5 in ending partial TTI subframe which consists of not less than 12 OFDM symbols.
· FFS for handling rate matching for DRS-CSI-RS in ending partial TTI subframe

3.3. Multiplexing DRS and (E)PDCCH/PDSCH in subframes other than subframe 0/5

To support DRS multiplexing with (E)PDCCH/PDSCH in subframes other than subframe 0/5, we consider the following aspects for EPDCCH/PDSCH rate matching
Rate matching for EPDCCH/PDSCH in full TTI subframe

· PSS/SSS/CRS: Since existence of PSS/SSS or scrambling sequence of CRS can vary depending on the DRS transmission, the following options can be considered
· option 1) UE blindly detects DRS every subframe (even outside DMTC) and applies rate matching for PSS/SSS according to the detection result

· option 2) UE perfoms rate matching of PSS/SSS every subframe (even outside DMTC)

· option 3) Introduce a common L1 signaling every subframe to indicate applicability of rate matching for PSS/SSS

· DRS-CSI-RS (NZP-CSI-RS for DRS): UE follows ZP-CSI-RS configuration and it is up to eNB how to handle DRS-CSI-RS rate matching by ZP-CSI-RS configuration. However, configuring ZP-CSI-RS for all the subframes within DMTC incurs too much overhead. It should be also noted that Rel-12 ZP-CSI-RS configuration cannot cover 6 subframes within DMTC.
Rate matching for EPDCCH/PDSCH in ending partial TTI subframe

· PSS/SSS/CRS: The same options as in full TTI subframe can be considered.
· DRS-CSI-RS: The same options as in subframe 0/5 can be considered.

Considering network overheads and/or UE complexity in supporting multiplexing of DRS with (E)PDCCH/PDSCH in subframes other than subframe 0/5, we suggest the following.

Suggestion 4: DRS cannot be multiplexed with (E)PDCCH/PDSCH in subframes other than subframe 0 or 5.

3.4. Multiplexing DRS transmission with CSI measurement resources in subframes other than subframe 0/5
When DRS is transmitted without (E)PDCCH/PDSCH, the following options can be considered regarding how to provide CSI measurement resources (e.g. full port CRS, configured CSI-RS, configured CSI-IM).
· option 1) UE can assume CSI measurement resources exist in subframes where DRS is transmitted
· option 2) UE cannot assume CSI measurement resources exist in subframes where DRS is transmitted without (E)PDCCH/PDSCH

It seems agreement in RAN1#82bis already guarantees that UE can assume configured CSI-RS exists in subframes where DRS is transmitted. Therefore, option 1) seems to be a natural extension of the previous agreement. However, UE should not be mandated to detect DRS for the purpose of detecting existence of CSI measurement resources
Suggestion 5: UE can assume full port CRS, configured CSI-RS and configured CSI-IM for CSI measurement exist in subframes where DRS is transmitted. UE is not mandated to detect DRS for the purpose of detecting existence of CSI measurement resources.
4. Summary and conclusions

In this contribution we discussed remaining issues for DRS transmission in LAA. The suggestions are summarized as follows.
Suggestion 1: Scrambling sequences of PSS/SSS/CRS/CSI-RS composing DRS are generated using subframe index 0 when transmitted in subframe 0~4, and using subframe index 5 when transmitted in subframe 5~9

Suggestion 2: DRS can be multiplexed with (E)PDCCH in subframe 0 and 5

Suggestion 3: DRS can be multiplexed with (E)PDCCH/PDSCH in subframe 0 and 5 in ending partial TTI subframe which consists of not less than 20 OFDM symbols.
· FFS for handling rate matching for DRS-CSI-RS in ending partial TTI subframe

Suggestion 4: DRS cannot be multiplexed with (E)PDCCH/PDSCH in subframes other than subframe 0 or 5.

Suggestion 5: UE can assume full port CRS, configured CSI-RS and configured CSI-IM for CSI measurement exist in subframes where DRS is transmitted. UE is not mandated to detect DRS for the purpose of detecting existence of CSI measurement resources.
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