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1. Introduction

In 3GPP RAN1 LAA Ad-hoc meeting, the follow points are agreed for DRS enhancements in LAA.

· Consider RRM enhancements, including RSSI measurement and reports

· Design targets for LAA DRS includes at least
· LAA DRS should at least support for RRM measurement

· Detection of DRS from a cell based on a single DRS occasion

· Transmission burst containing DRS signals should consist of continuous OFDM symbols

· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS

· Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC

· Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds
There are still several open issues regarding to RRM/CSI measurement, DRS transmission, DRS signal design and DMTC.  This paper discusses design considerations and potential solutions for some of the open issues.


2. Discussion
To facilitate efficient operation of the following functionalities in LAA, periodic DRS transmission carrying certain network information is beneficial.

· Listen-before talk (clear channel assessment)

· Carrier selection
· RRM measurement including cell identification

· Discontinuous transmission on a carrier with limited maximum transmission duration
However, in unlicensed spectrum, periodic transmission in fixed subframe(s) can’t be guaranteed due to the channel contention.  In addition, according to regulatory rules, it requires wideband transmission spanning over at least 80% of nominal channel bandwidth in unlicensed spectrum when the channel is obtained.  Therefore, enhancements on R12 DRS are needed.
2.1 Enhanced DRS transmission
According to agreements in March LAA ad-hoc meeting, DRS transmission should be subject to LBT.  However, due to LBT in the unlicensed spectrum, channel access can’t be guaranteed for periodic DRS transmission in fixed subframe(s).  For example, as illustrated in Figure 1, DRS transmission in fixed subframe(s) with periodicity of 80 ms may suffer from long interruption (e.g. 160ms) due to channel contention failure and thus result in insufficient information for radio resource management/scheduling, especially for unlicensed spectrum with high traffic dynamics.
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Figure 1.  Illustration of Rel-12 DRS transmission in a unlicensed spectrum
In order to resolve the transmission uncertainty of reference signals, one way is to increase the number of periodic transmission opportunities within a fixed time period; another way is to allow pseudo-periodic transmission with multiple transmission attempts within a tolerable window for channel contention.  In March LAA ad-hoc meeting, two alternatives listed in the section of introduction were proposed for further study.  
In Alt1, DRS transmission behavior is the same as Release 12 but transmission periodicity may need to vary based on the traffic load to guarantee sufficient DRS transmission opportunities for UE measurements to meet the performance requirements within the required measurement period.  Higher traffic load is; shorter transmission periodicity is.  From system perspective, it would introduce more non-data-induced channel contentions periodically and higher reference signal overhead and thus further decrease system efficiency in high-traffic-load case.  From UE perspective, it would require more UE measurement attempts and it’s not good for UE power consumption.
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Figure 2.  Illustration of flexible DRS transmission within each DMTC window (Alt2)
In Alt2, as illustrated in Figure 2, eNB can attempt to transmit DRS in different subframe(s) within a DMTC window if LBT prevents DRS transmission in fixed subframe(s).  It allows higher chance for a eNB to transmit DRS within each DMTC window.  In high-traffic-load case, longer DMTC window may be needed to keep the same chance for a successful DRS transmission and it would consume more UE power for blind detection.   However, same DMTC window as Release 12 can be kept by shortening the time length of a DRS occasion with higher reference signal time/frequency-domain density.  Increasing reference signal time/frequency-domain density also helps DRS transmission to fulfill the regulation requirements.  From system perspective, it would introduce multiple non-data-induced channel contentions within each DMTC window only and reference signal overhead could be low if long DRS transmission periodicity is configured.  From UE perspective, there is not much difference, compared to Release 12 DRS procedure.  Therefore, we would like to propose:
Proposal #1: For DRS transmission, if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds.
2.2 RRM measurements
In LTE, the main functionality of RRM measurements is for cell association and carrier selection.  In LAA, RRM measurements in unlicensed carrier can be utilized for carrier selection only because cell association is based on RRM measurements in a licensed carrier.  Carrier selection in unlicensed spectrum requires the information of the channel loading in a carrier and RSSI measurement alone can already reflect this information.  However, the needs of RSRP measurement are still not clear and require further study.
In unlicensed spectrum, DRS transmission in each DMTC window can’t be 100% guaranteed even with proposed enhancements.  Since DRS transmission periodicity could be as long as 80 ms and the channel loading could change dynamically due to LBT, single L1 RSSI measurement within a DRS occasion would enable the network to obtain the latest information about the channel loading of a carrier if necessary.
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Figure 3.  Illustration of RSRP/RSSI measurement within a DMTC window 
However, due to sparse time/frequency-domain density of Release 12 DRS, it is difficult for a UE to detect a cell and meet RRM measurement requirements within a DRS occasion.  This also echoes the necessity to increase reference signal time/frequency-domain density mentioned in Section 2.1.  Unfortunately, increasing reference signal time/frequency-domain density may impact the measurement accuracy of RSSI due to the same over-estimation issue discussed in Release 12 small cell enhancements.  If the time length of a DRS occasion could be shortened due to higher time/frequency-domain density, more no-tx time can be allowed within a DMTC window and the no-tx time could be used for RSSI measurement as illustrated in Figure 3.  But it’s still unclear on what UE impact is and further study is needed.  Therefore, we would like to propose:
Proposal #2: RSSI measurement should be supported for LAA and the support of RSRP measurement is FFS.

Proposal #3: Single L1 RSSI measurement is based on single DRS occasion if the DRS occasion is successfully detected by a UE.   Further details on RSSI measurement are FFS.
2.3 Enhanced DRS design
A single occasion of Rel-12 DRS consists of a period with a duration of one to five consecutive subframes for FDD and two to five consecutive subframes for TDD.  Within the occasion, Rel-12 DRS consists of CRS port 0 in all downlink subframes and DwPTS of all special subframes, PSS in the first subframe for FDD or the second subframe for TDD, SSS in the first subframe, NZP CSI-RS in zero or more subframes based on the RRC-layer configuration.
According to the regulatory requirements in unlicensed spectrum, each channel occupation requires frequency-domain spanning over at least 80% nominal channel bandwidth.  In addition, DRS transmission in consecutive OFDM symbols is necessary to maintain the channel access right within a DRS occasion in unlicensed spectrum.  There are two options to fulfill the requirements. 

Option #1: Increase time/frequency-domain density of DRS

Option #2: Insert a physical channel carrying necessary network information within a DRS occasion  

To minimize UE impact, option #2 is preferred.  However, according to Section 2.1 and 2.2, increasing time/frequency-domain density of DRS is beneficial to DRS transmission successful rate within each DMTC window and RRM measurement so option #1 also could be considered with minimal RE mapping change of reference signals.
According to the study in Release 12, more time-domain occurrence of PSS/SSS improves cell detection rate within a DMTC window.  For improved cell detection, time-domain occurrence number of PSS/SSS can be considered to be increased.  However, for minimized UE impact, it is not preferred to change the frequency mapping of PSS/SSS.
For improved RRM measurement performance, it is also proposed to increase the time-domain density of reference signals, e.g. extending CRS in the remaining OFDM symbols or adding PRS, and reduce the time length of a DRS occasion.  It’s also helpful to increase DRS transmission successful rate within a DMTC window and meet regulatory requirements.
Since there could be multiple operators sharing one unlicensed carrier, network identification and LBT configuration information exchange are very helpful for UE detection of LAA eNBs within the same operator and coexistence efficiency of LAA eNBs across different operators.  It is proposed that DRS should be able to carry at least PLMN identification and LBT configuration.  Which physical channel, e.g. PBCH or EPDCCH, is used to carry this information within a DRS occasion can be further studied.  Therefore, we propose:
Proposal #4: Enhanced DRS (eDRS) in R13 LAA consists of at least PSS/SSS, CRS and network information block (NIB).

· FFS whether/how to increase the time-domain density of eDRS
Proposal #5: Network information block (NIB) carries at least PLMN identification and LBT configuration applied to the LAA eNB in a unlicensed carrier.
2.4 CSI measurement
Configurations of CSI reporting and CSI measurement resources can be discussed separately.  Whether periodic CSI reporting is needed can be further studied.  Regarding CSI measurement resources, both periodic and aperiodic CSI reporting can be supported even if only periodic CSI measurement resources exist.  However, only aperiodic CSI reporting can be supported if only aperiodic CSI measurement resources exist.  In addition, in unlicensed spectrum, channel accessibility can’t be 100% guaranteed so aperiodic CSI measurement resources may be deferred for a long while subject to LBT and channel loading.  Longer time separation between two CSI measurement resources introduces longer CSI reporting latency and potential throughput degradation.  Therefore, periodic CSI measurement resources should be supported in LAA to shorten the potential time separation.  
Since short control signaling is not allowed in every country, it’s difficult to guarantee periodic CSI measurement resources in unlicensed spectrum.  However, pseudo-periodic CSI measurement resources can be supported by the following two options.

Option #1: UE may assume the existence of CSI measurement resources if the configured periodic DL transmission collides with any DL transmission, e.g. DRS and data transmission in LAA.
Option #2: UE may assume the existence of CSI measurement resources in a DRS occasion based on higher-layer signaling, e.g. NIB or RRC-layer configuration from licensed carrier
Proposal #6: CSI-RS and CSI-IM can be assumed for CSI measurement within a eDRS occasion if eDRS is successfully detected.


3. Conclusion
In this paper, potential enhancements regarding LAA DRS are discussed.  In our views, DRS transmission in flexible subframe within a DMTC window is beneficial for RRM measurements, CSI measurements and AGC setting and synchronization.  To meet regulatory rules and improve measurement efficiency, enhancements on Release 12 DRS are necessary.  With above discussion, proposals are summarized as follows.
Proposal #1: For DRS transmission, if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds.
Proposal #2: RSSI measurement should be supported for LAA and the support of RSRP measurement is FFS.

Proposal #3: Single L1 RSSI measurement is based on single DRS occasion if the DRS occasion is successfully detected by a UE.   Further details on RSSI measurement are FFS.
Proposal #4: Enhanced DRS (eDRS) in R13 LAA consists of at least PSS/SSS, CRS and network information block (NIB).

· FFS whether/how to increase the time-domain density of eDRS
Proposal #5: Network information block (NIB) carries at least PLMN identification and LBT configuration applied to the LAA eNB in a unlicensed carrier.

Proposal #6: CSI-RS and CSI-IM can be assumed for CSI measurement within a eDRS occasion if eDRS is successfully detected.
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