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1 Introduction

In RAN plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1]. The outcome of the study is captured in [2]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks.  In RAN plenary meeting #68, a new WI on LAA was approved and several functionalities are identified to be further studied [3]. 
In this contribution, we discuss different DRS design targets and potential enhancements to support RRM measurements including cell identification on unlicensed carriers.

2 LAA DRS Design
For the purpose of cell discovery and RRM on carriers utilizing unlicensed spectrum, a periodic RS with a low duty cycle would be an efficient mechanism with potentially without much additional specification effort since the discovery reference signal (DRS) introduced for Rel-12 SCE was considered as a starting point in RAN1#79. 
During RAN1#82 the following agreement and working assumption was reached regarding the Rel-13 design of DRS for 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

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 this section we discuss potential solutions for LAA cell/TP discovery and RRM measurements based on DRS transmission. 
2.1 DRS transmission on an unlicensed carrier subject to LBT
One major difference from the scenarios considered when designing DRS in Rel-12 is that the LBT operation on the unlicensed spectrum makes strictly periodic transmission of the DRS not always possible. From the agreement in RAN1#82 it is understood that DRS transmission still maintains the periodic DMTC configuration, but the transmission of the DRS within the DMTC occasion may be variable, subject to LBT. This is illustrated in Figure 1 below. 
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Figure 1: DRS transmission Alt 2

In effect, the configured DMTC serves as an opportunistic detection/measurement window for a UE. During the DMTC occasion, the UE would need to detect whether a cell was able to successfully access the channel and transmit the DRS.  The ability to vary the subframe location within the DMTC for a given cell’s DRS transmission increases the probability of successful DRS transmission when several nodes are contenting simultaneously. 

Depending on the LBT scheme, specifically the backoff mechanism, increasing the size of the DMTC window may allow for more transmission opportunities for different contending cells than currently possible with the Rel-12 design, although there is a tradeoff with longer serving cell disruption during inter-frequency measurement if a measurement gap is required. A configurable DMTC window can be considered in this case to provide more network flexibility for intra/inter-frequency RRM measurement and controlling DRS transmission probability.

Proposal 1: For Alt. 2, enhancements such as a shorter DMTC period and a configurable DMTC window size should be considered to provide more network flexibility for intra/inter-frequency RRM measurement and controlling DRS transmission probability.
2.2 DRS candidate structures
In addition to the periodicity of the LAA discovery signal, the composition of the discovery/measurement signal also needs to be discussed. When considering the DRS for this purpose, during RAN1#82 the following conclusion was reached regarding different design options:

Conclusions:
· Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain

· PAPR should be evaluated
· PSS and SSS are repeated in time domain
· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz
· This does not preclude measurement on 6 PRBs
· The transmission periodicity is the same as Rel-12 DRS
· Note that other DRS structures are not precluded
Of the two candidate structures, the Rel-12 FDD DRS design or the 4-symbol DRS design have different tradeoffs in terms of measurement/cell-detection performance and channel occupancy overhead. Although the 4-symbol DRS design occupies fewer resources in the time domain than the Rel-12 design, it is not expected to be able to increase the transmission probability. This is because, considering receiver complexity and to support multiplexing with PDSCH, it would be necessary to transmit the new DRS in the same OFDM symbols as the legacy design (e.g. 4/5/6/7) within a given subframe. In addition, based on performance evaluations in [4], there are concerns about whether such a design can support one-shot cell detection or RRM measurement due to the low number of available samples in a DRS occasion. 
It is preferable to keep the Rel-12 FDD DRS design unchanged. However, if required to improve one-shot detection reliability as well as to ensure DRS transmissions occupies contiguous OFDM symbols, PSS/SSS of DRS can be repeated in OFDM symbols not occupied by CRS within the DRS subframe [4]. Such PSS/SSS repetition can be applied if the DRS transmission occurs within DMTC occasion. The introduction of such repetitions, if needed, requires careful consideration of the impact on complexity and receiver implementation.

Proposal 2: DRS design for Rel-13 LAA should use the same structure as the Rel-12 DRS for FDD. PSS/SSS repetitions should only be introduced if justified based on performance requirements and consideration of potential implementation complexity.
2.3 DRS and PDSCH multiplexing with the DMTC, and SSS/RS sequence
As mentioned in the RAN1#82 working assumption, it seems beneficial to support multiplexing of the DRS and PDSCH within the DMTC. To increase scheduling flexibility and DRS transmission opportunities it also seems beneficial to support DRS multiplexing with PDSCH even when subframe 0 or 5 is not part of the DRS occasion. One remaining open issue is related to the generation of the SSS/RS sequences. To avoid unnecessary complexity of UE having to perform additional blind detection of SSS/CRS sequences and to provide the greatest scheduling flexibility, it seems beneficial to support Alt.2 of the way forward, and generate the SSS/RS sequences irrespective of the subframe index of DRS.
Proposal 3: PDSCH and DRS can be multiplexed in the same subframe, regardless of the subframe index. 

Proposal 4: Generate the SSS/RS sequences irrespective of the subframe index of DRS within the DMTC.
2.4 LBT for DRS
Due to the properties of the DRS design, namely the short duration and support for multiplexing of the transmissions serving and neighbouring cells within the measurement window, the LBT design for DRS transmissions is one example where a different LBT design/configuration may be considered relative to the design used by the data transmissions. For example, while LBT Cat. 4 scheme for LAA data transmissions is considered, FBE can be applied for DRS-only transmissions to reduce reception complexity at the UE and support reuse-1 among DRS transmissions as in Rel-12. In addition, the CCA threshold for DRS-only transmission could be higher than data transmission to increase the transmission opportunity for DRS. During RAN#81 the following agreement was reached on LBT for transmission bursts containing DRS without PDSCH within the DMTC:

Agreements:
· A single idle sensing interval allows the start of a DL transmission burst (which may not start with the DRS) containing DRS without PDSCH within the DMTC

· Total sensing period may be greater than one sensing interval referred to in the above

· FFS: Whether the above can be used for the case where transmission burst does not contain PDSCH but contains DRS, and any other reference signals or channels

· FFS: Whether the above can be used for DL transmission bursts longer than 1+x ms, x << 1 ms

· Further discuss the length of the sensing interval, and the energy detection threshold, or their possible ranges

· The ECCA counter used for LBT category 4 for the PDSCH is frozen during DL transmission burst containing DRS without PDSCH
Since DRS transmission is subject to RRM performance requirements, exponential backoff mechanisms may not be suitable since it can lead to large variability in the transmission timing depending on the system load. Instead, LBT without random backoff based on a single CCA slot prior to the DL transmission burst (e.g. based on LBT Cat. 2 FBE) could be utilized to restrict potential DRS transmission within the measurement window. Correspondingly, if DRS transmission Alt. 2 is supported, at least one OFDM symbol between the end of DRS and the next possible start OFDM symbol of DRS should be reserved, e.g. the last OFDM symbol per subframe within the DMTC should be muted. This is already supported if the Rel-12 FDD DRS design is supported without configuration of CSI-RS (e.g. 12 symbol DRS design). When data and DRS need to be transmitted, the eNB can multiplex them in a single ON duration using Cat. 4 LBT. However, how to support reuse-1 among DRS-only and DRS with data transmission needs further study.
Proposal 5: LBT for DL transmission burst containing DRS without PDSCH within the DMTC should be based on LBT Cat. 2 with a single CCA slot. 
3 Conclusions
In this contribution, we discussed the possible solutions for LAA cell discovery, RRM and synchronization taking into account regulatory requirements and desired functionalities for LAA. Further evaluations are necessary in order to understand if new performance requirements are required for LAA and to quantify the potential gain of enhancements to measurements as discussed in [4]. The following observations and proposals were made:
Proposal 1: For Alt. 2, enhancements such as a shorter DMTC period, and a configurable DMTC window size may be considered.
Proposal 2: DRS design for Rel-13 LAA should use the same structure as the Rel-12 DRS for FDD. The introduction of PSS/SSS repetitions should only be introduced if justified based on performance requirements and consideration potential implementation complexity.
Proposal 3: PDSCH and DRS can be multiplexed in the same subframe, regardless of the subframe index. 

Proposal 4: Generate the SSS/RS sequences irrespective of the subframe index of DRS within the DMTC.
Proposal 5: LBT for DL transmission burst containing DRS without PDSCH within the DMTC should be based on LBT Cat. 2 with a single CCA slot. 
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