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1. Introduction

At the RAN1 #82bis meeting, following agreements and working assumption regarding LAA DRS were made [1].
Working assumptions:
· 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

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
Agreements:
· 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 
Agreements:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.

· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.

· FFS: Partial TTI in SF0 and SF5

· FFS: Changes to scrambling for SSS/CRS 

· Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)

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

· FFS: Changes to scrambling for SSS/CRS 

There are still following issues on DRS according to FFS points in previous agreements and working assumptions.

· Issue 1: DRS and PDSCH multiplexing in a same subframe within DMTC

· Whether and how to multiplex DRS and PDSCH in a same subframe
· Whether PDSCH and DRS can be multiplexed in the same subframe other than subframe #0/#5
· How UE identify the DRS subframe
· Issue 2: Sequence generation for SSS/CRS/CSI-RS in DRS

· Issue 3: Configuration of CSI-RS in DRS subframe for the purpose of CSI channel measurement
In this contribution, we discuss further details on above issues related to DRS transmission and RRM measurement for LAA. Issues related to CSI measurement (i.e., Issue 3) and possible signalling including the indication of the presence of DRS are discussed in our companion contributions [2] and [3], respectively. 
2. DRS and PDSCH multiplexing in a same subframe within DMTC
At the RAN1 #82 meeting, following working assumption was made. During the corresponding discussion, it was clarified that allowing DRS and PDSCH multiplexing within DMTC increases the eNB operation flexibility.
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 

Since the design of LAA DRS is decided, i.e., signals comprising the LAA DRS are the same as first 12 symbols of the Rel-12 DRS for FDD, basically DRS and PDSCH can be multiplexed in the same subframe as in Rel-12. However, DRS and PDSCH multiplexing in subframe other than #0 and #5 needs some discussion since there is no such a case in Rel-12 DRS with 1 ms occasion duration.
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Figure 2-1: Possible cases of DRS and PDSCH transmission within DMTC window
Figure 2-1 shows some possible cases of DRS and PDSCH transmission within DMTC window. As shown in Case 2 and 2’, the benefit of allowing DRS and PDSCH multiplexing within DMTC is that DRS transmission within DMTC can be achieved without additional LBT when eNB has the ongoing channel access at the start of DMTC window. However, if DRS and PDSCH multiplexing in subframe other than #0/#5 is not allowed, this benefit degrades in some cases. For example, when first subframe in DMTC window is not subframe #0 or #5, even if eNB has the ongoing channel access at the start of DMTC window, eNB may need to perform additional LBT for DRS transmission due to maximum burst length limitation. In another example as shown in Case 3 in Figure 2-1, eNB may transmit multiple PDSCH subframes until subframe #0 or #5 within DMTC and it may block some DRS transmission opportunities of other eNBs. Therefore, to maximize the benefit of allowing DRS and PDSCH multiplexing with flexibility of DMTC offset configuration, DRS and PDSCH multiplexing in subframe other than #0/#5 should also be allowed.
Proposal 1: Within DMTC, DRS can be multiplexed with PDSCH in any subframe.
For the UE rate matching in DRS subframe, whether the presence of DRS needs to be signalled or not has been discussed during the email discussion [4]. Assuming that eNB transmits the DRS at most once within each DMTC window subject to LBT, UE may observe PSS/SSS/CRS from the serving LAA cell twice within DMTC window, i.e., one is in DRS subframe and another is in normal subframe #0 or #5 within DMTC. If CSI-RS in DRS is configured for RRM measurement or CSI measurement or both, UE rate matching in DRS subframe and that in normal subframe #0 or #5 have to be different. If DRS and PDSCH are multiplexed in subframe other than subframe #0/#5, UE can identify the DRS subframe based on the detection of PSS/SSS in subframe other than subframe #0/#5. However, as in Case 2 in Figure 2-1, if DRS and PDSCH are multiplexed in subframe #0 or #5 and there is another normal subframe containing PSS/SSS within DMTC, the detection of PSS/SSS cannot distinguish between the DRS subframe and the normal subframe #0 or #5. In order to solve this issue, following options can be considered.
· Option 1: Signalling the presence of DRS

· Option 2: Defining the appropriate UE assumption on DRS

· 2a: UE assumes that the first subframe containing PSS/SSS/CRS detected within DMTC window is the DRS subframe and other subframes containing same PSS/SSS/CRS within DMTC is not the DRS subframe.
· 2b: UE assumes that all subframes containing PSS/SSS/CRS detected within DMTC are the DRS subframes (i.e., in Case 2 in Figure 2-1, both subframe #0 and #5 are considered as DRS subframe).

· Option 3: UE blind detection of CSI-RS in subframe containing PSS/SSS/CRS

In order to avoid the signalling impact at the finalizing phase of WI as much as possible, first we can focus on option 2 and 3. Option 2b means that the DRS including CSI-RS (if configured) is transmitted in every subframe #0 and #5 within DMTC even if periodic CSI-RS configuration is not aligned with subframe #0 and #5. Since this option causes an overhead increase, this option is not preferable. In option 3, UE may need to blindly search one or multiple CSI-RS candidates according to the CSI-RS configuration for the serving cell. In addition, compared with option 2a, there would be no clear motivation on that eNB skips DRS transmission on first subframe containing PSS/SSS/CRS within DMTC window. Therefore, option 2a would be the most appropriate option for UE identification of DRS subframe. This UE assumption should be applied not only for rate matching but also for RRM and CSI measurements based on CSI-RS. If some L1 signalling in LAA subframe is introduced, option 1 can also be considered.
Proposal 2: UE assumes that the first subframe containing PSS/SSS/CRS detected within DMTC window is the DRS subframe and other subframes containing same PSS/SSS/CRS within DMTC is not the DRS subframe.
3. Sequence generation for SSS/CRS/CSI-RS
According to the following agreements made at RAN1 #82 meeting, we should consider the sequence generation for SSS/RS in subframes with DRS since DRS transmission in subframe other than #0 and #5 is allowed in LAA.
Agreements:

· 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

During the corresponding discussion at RAN1 #82bis meeting, following options have been identified.
· 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.

In option 1, UE can always assume CRS/CSI-RS sequence based on either #0 or #5 according to the detected SSS pattern for RRM measurement within DMTC. For CSI measurement, demodulation and synchronization, UE needs to identify whether CRS/CSI-RS sequence in the subframe within DMTC is based on subframe index or #0/5 if DRS and PDSCH multiplexing in subframe other than #0/#5 is allowed. This identification can be done by blind detection of DRS, e.g., PSS/SSS in the subframe. However, it means that UE processing for the subframe within DMTC would become slightly complicated, e.g., UE tries to detect CRS on first symbol of the subframe based on two different sequences or UE tries to detect CRS after detecting the PSS/SSS in the same subframe. If DRS and PDSCH multiplexing in subframe other than #0/#5 is not allowed, this option can provide a consistent UE assumption on CRS/CSI-RS sequence for CSI measurement, demodulation and synchronization.
In option 2, UE blind search of CRS/CSI-RS sequence is required for measurement within DMTC since UE would not know the subframe index for DRSs of neighbor eNBs. On the other hand, for demodulation and synchronization, UE can always follow the subframe index.
In option 3, if we remove all subframe index dependency for the CRS/CSI-RS sequence generation in LAA SCell even outside DMTC, it may solve any UE confusion issue regarding CRS/CSI-RS sequence. However, the impact of removing the subframe index dependency has not been investigated yet.
Therefore, we think option 1 is the most appropriate option for SSS/RS sequence generation in terms of both the interference randomization based on subframe index and the simple UE procedure/assumption for measurement, demodulation and synchronization. If the UE processing complexity due to allowing DRS and PDSCH multiplexing in subframe other than #0/#5 within DMTC is severe, we should discuss the trade-off between this issue and the benefit of allowing DRS and PDSCH multiplexing in subframe other than #0/#5 within DMTC.
Proposal 3: 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. Conclusion 

In this contribution, we have discussed on remaining issues related to DRS transmission and RRM measurement for LAA. We made the following proposals. 

Proposal 1: Within DMTC, DRS can be multiplexed with PDSCH in any subframe.
Proposal 2: UE assumes that the first subframe containing PSS/SSS/CRS detected within DMTC window is the DRS subframe and other subframes containing same PSS/SSS/CRS within DMTC is not the DRS subframe.
Proposal 3: 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.
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