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1 Introduction
In RAN1#82bis meeting, DRS design for LAA was discussed with the following agreements:
Agreements:
· 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

· The PSS/SSS/CRS in LAA DRS is a subset of Rel-12 PSS/SSS/CRS.

· FFS: Changes to scrambling for SSS/CRS 

· UE can be configured with DRS and CSI-RS in the same subframe, for the purpose of CSI channel measurement using the configured CSI-RS

· FFS: CSI-RS configuration details

· FFS: Depending on the DRS design, the UE can assume CRS ports are transmitted during a DRS occasion for the purpose of CSI measurement 
Furthermore, for DL control/data transmission, the following proposal has been reached:
Agreements:
· DL transport block in the last subframe of a DL Tx burst can be transmitted using DwPTS structure, or a full subframe

· FFS how to signal the structure of the last subframe

· FFS whether to define a 13-symbol partial subframe

· FFS whether DwPTS structure with 3 OFDM symbols can be used for the last subframe

· FFS down selection
In this contribution, we further discuss the remaining details of LAA DRS design.
2 Discussion

Multiplexing of DRS and PDSCH in the DMTC
It has been agreed in RAN1#82 meeting that 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 Cat 4 LBT scheme defined for PDSCH. But how to multiplex DRS and PDSCH in a same subframe is FFS. One possible problem when DRS and PDSCH are multiplexed in the DMTC is that PDSCH transmission in the DMTC may block the DRS transmission from the neighbor cells. For example, as illustrated in Figure 3, PDSCH transmission follows Cat 4 LBT starts before the DMTC, the DRS transmission in a neighbor cell is blocked accordingly. 
Possible solution could be to reserve the last OFDM symbols (e.g. the last one or two OFDM symbol of each subframe) for PDSCH transmission within DMTC to avoid the blocking to DRS in the neighbor. This is similar to the design of LAA DRS where the last two symbols of a DRS subframe is reserved as CCA gap. During RAN1 82bis, it has been agreed that the last subframe of a DL Tx burst can be transmitted using DwPTS structure. Similarly, PDSCH can be transmitted using DwPTS duration of 12 symbols when it is multiplexed with DRS in the DTMC. Note that, the DMRS pattern defined for DwPTS shall also be reused.
Proposal 1: When PDSCH is transmitted in the DMTC, DwPTS duration of 12 symbols should be reused. 
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Figure 1 Scenario where DRS is blocked by PDSCH transmission from another cell
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Figure 2 subframe structure when DRS and PDSCH are multiplexed
Another question is whether DRS and PDSCH can be multiplexed in subframes other subframes 0/5 and how PDSCH rate matching is done when DRS moves around in the DMTC. In our view, in order to increase the spectrum utilization, DRS and PDSCH multiplexing in subframes other than subframes 0/5 shall be supported. For the corresponding PDSCH rate matching issue, the following options have been identified during the offline discussions
· Option a)  DRS REs are rate matched in all subframes within DMTC

· Option b)  eNB doesn’t schedule EPDCCH/PDSCH in the PRB pairs which collide with DRS REs

· Option c)  Dynamic signaling the presence of DRS,FFS the dynamic signaling
· Option d)  UE blindly detects existence of DRS in a subframe 

· FFS reducing UE blind detection by, e.g., transmitting DRS only in the first subframe which overlaps with DMTC period in the transmission burst 

· Combination of the above options can be considered

For option a), the rate matching problem can be solved and it is easy for UE implementation, but this scheme brings additional overhead. Option b) can be excluded since more overhead than option 1 will occur. For option d), LAA UE can determine the presence of DRS by blindly detecting PSS/SSS. However, there would be a probability of 5-10% for the UE to miss PSS/SSS with one shot detection even for the strongest RSRP cell based on the evaluation [1] [2]. In addition, if option d) is adopted, the confusing issue for the UE to identify the DRS may happen, since the UE may detect PSS/SSS in two subframes within the DMTC because of the opportunistic transmission of the tracking reference signal in subframe 0/5. For option c), a common dynamic signaling can be utilized to indicate the presence subframe of DRS in the subframe. However, DCI cannot be used to convey the dynamic signaling since the UE needs to know the rate matching pattern for DCI decoding. 

Proposal 2: PDSCH and DRS multiplexing in subframes other than 0/5 should be supported in the DMTC. Ways to solve the PDSCH rate matching issue should be studied. 
Furthermore, when DRS and PDSCH multiplexing in subframes other than subframes 0/5,  since the LAA UE does not need to acquire the radio frame level timing for an LAA Scell by DRS detection, therefore it is proposed that 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 (i.e. no additional specifications). In addition, CRS/CSI-RS sequence in DRS can follow Rel-12, which is subframe dependent. 
Proposal 3: 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 is subframe dependent as in Rel-12.
CSI-RS in DRS

During RAN1 82bis, it has been agreed that UE can be configured with DRS and CSI-RS in the same subframe, for the purpose of CSI channel measurement using the configured CSI-RS. Here we further discuss the CSI-RS pattern and CSI-RS configuration in DRS burst. As discussed and proposed above, when PDSCH is transmitted in the DMTC, DwPTS structure as well as its DMRS pattern (e.g, DwPTS configuration with 12 OFDM symbols) can be reused. Therefore, the CSI-RS pattern for DwPTS as being discussed in the FD-MIMO WI [3] can be considered for LAA. Compared to the TDD DwPTS, the OFDM symbol 2/3 can also be used for CSI-RS since there is no PDCCH and PSS there. But CSI-RS in symbol 5/6 may not be used in LAA DRS since their collision with PSS/SSS. Figure 3 illustrates the proposed CSI-RS pattern for DRS subframe and the CSI-RS pattern in DwPTS of TDD. 
Proposal 4: New CSI-RS pattern shall be introduced in DRS subframe and CSI-RS pattern for DwPTS introduced in FD-MIMO WI can be considered. 
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Figure 3 Proposed CSI-RS pattern for DwPTS (left) and CSI-RS pattern for DRS subframe (right)
3 Conclusions

In this contribution, we discuss the remaining details of LAA DRS design with the following proposals.
Proposal 1: When PDSCH is transmitted in the DMTC, DwPTS duration of 12 symbols should be reused. 
Proposal 2: PDSCH and DRS multiplexing in subframes other than 0/5 should be supported in the DMTC. Ways to solve the PDSCH rate matching issue should be studied. 
Proposal 3: 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 is subframe dependent as in Rel-12.
Proposal 4: New CSI-RS pattern shall be introduced in DRS subframe and CSI-RS pattern for DwPTS introduced in FD-MIMO WI can be considered. 
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