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1 Introduction

Due to the sharply increased demand for wireless broadband data, unlicensed spectrum is considered by cellular operators as a complement to LTE system in licensed spectrum. However, unlicensed spectrum can never match the qualities of the licensed regime. Utilizing unlicensed spectrum as a complement to LTE platform is a possible choice for a good trade off. Therefore, in RAN1 plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1]. 
During RAN1#79, the following functionalities were also identified:

Agreements:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band

· RRM measurement including cell identification
· AGC setting

· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference

· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
· The following functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE

In addition, during the Paris RAN1 ad-hoc meeting, the following agreements were reached:

Agreements:
· Design targets of 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
· Feasibility is for further evaluation
· Transmission burst containing DRS signals should consist of continuous OFDM symbols
· FFS: How to realize contiguous OFDM symbol transmission 
In this contribution, we discuss implications of these functionalities and design targets on the design and potential enhancements of DRS transmission for LAA. 

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. 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. As a result, during the Paris RAN1 ad-hoc meeting various alternatives were considered for DRS transmission subject to LBT, to potentially increase the probability of successful transmission by a cell to meet RRM measurement performance requirements: 
Agreements:
· 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
· Modifications to Rel-12 DMTC configuration are FFS
· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC
The following sections discuss the tradeoffs of the different alternatives.
2.1.1 DRS transmission Alt. 1
The first alternative for DRS transmission keeps the existing Rel-12 design for the DRS and DMTC occasions. Within every periodic DMTC occasion, the DRS is transmitted in the same fixed subframe. When LBT is applied, the unlicensed carrier must be successfully acquired before the start of the DRS occasion, otherwise the cell does not transmit DRS. This is illustrated in Figure 1 below.
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Figure 1: DRS transmission Alt 1

If the traffic on the unlicensed carrier is very light, then it is possible that Alt. 1 may be sufficient to meet performance requirements with a sufficient number of DRS transmissions within the configured measurement period. However, in the presence of contention the performance of Alt. 1 may be significantly impacted. In addition, a very large amount of overhead may be incurred if the cell reserves the channel before the subframe where the DRS occasion is configured, which is not beneficial from a system-level performance perspective. Figure 2 shows the probability of successful transmission of a given DRS occasion under Alt. 1 for different buffer occupancy values.
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Figure 2: DRS transmission probability under Alt. 1

The detailed evaluation assumptions are the same as [2] with additional assumptions for modelling DRS transmissions provided in Annex A. It should be noted that the evaluations in Figure 2 are for the case where DRS-only transmissions are made on an unlicensed carrier without LAA traffic to illustrate the RRM performance in the presence of only WiFi traffic, which may correspond to the conditions associated with activation/deactivation or carrier selection before LAA traffic is served on the carrier. Of course, DRS transmissions can multiplexed with subframes carrying LAA traffic when overlapped with the configured DRS occasions, as evaluated in Section 2.1.3.  
As expected, since the transmission probability decreases with load on the carrier, an enhancement which may be considered for Alt. 1 to improve transmission probabilities is to introduce shorter periods for the DRS occasions (e.g. 20ms). Another enhancement that can be considered is to support ‘one-shot’ detection of DRS occasion, since PSS/SSS/CRS energy accumulation across DMTC is more complicated as the PSS/SSS/CRS may not be transmitted due to LBT requirement.
[image: image3.png]95.0%

90.0%

85.0%

80.0%

75.0%

70.0%

65.0%

60.0%

Probability of at least 1 DRS Tx (Alt. 1)
within 200ms Measurement Period

0.2 0.4 0.6
Buffer Occupancy (WiFi)

—4—20ms DMTC,
'WiFi Traffic, No
LAA Traffic

~——40ms DMTC,
'WiFi Traffic, No
LAA traffic





Figure 3: DRS transmission probability under Alt. 1

Figure 3 illustrates the probability at least one DRS occasion (per LAA cell) is successfully transmitted within a 200ms measurement period. For example, if ‘one-shot’ RRM measurement is supported for LAA, the results in Figure 3 can be viewed as the probability that the minimum performance requirement can be met as a function of traffic load. It is observed that the performance requirement is very likely to be met at low traffic load with the exiting DRS periodicity, however especially at higher load, a noticeable benefit is observed in decreasing the DMTC period to 20ms.
Observation 1: In the presence of contention the performance of Alt. 1 is significantly impacted. In addition, a very large amount of overhead may be incurred if the cell reserves the channel before the subframe where the DRS occasion is configured, which is not beneficial from a system-level performance perspective.

Proposal 1: For Alt. 1, enhancements such as a shorter DMTC period and ‘one-shot’ DRS detection may be considered.
2.1.2 DRS transmission Alt. 2
The second alternative for 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 4 below. 
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Figure 4: 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. 

As previously mentioned, introducing shorter periods for the DRS occasions (e.g. 20ms) could also be considered for DRS transmission Alt. 2. Evaluation results are provided in Figure 5 to illustrate the RRM performance under Alt. 2 for different DRS periodicities. 
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Figure 5: DRS transmission probability under Alt. 2

Especially as the WiFi traffic load increases, a significant benefit is observed compared to Alt. 1, with a 20% increase in the probability that the measurement requirement may be met, for both 20ms and 40ms DMTC intervals.
Observation 2: At higher traffic loads, a significant performance benefit is observed for DRS transmission Alt. 2 compared to Alt. 1.

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. Table 1 provides the average number of DRS transmission attempts during a DMTC (per cell) as a function of traffic load. At higher load, the average number approaches the max DMTC size of 6 subframes, indicating that even when using Alt. 2, it is not uncommon for a cell to be unable to successfully transmit the DRS within the DMTC window due to contention. A configurable DMTC window can be considered in this case to provide more network flexibility for intra/inter-frequency RRM measurement.

Table 1: Average DRS transmission attempts (per cell) under Alt. 2

	Buffer Occupancy
	Average Tx attempts

	.2
	2.8

	.4
	3.6

	.6
	4.1


Finally, as with Alt 1, one potential issue is that PSS/SSS/CRS energy accumulation across DMTC would be complicated for the UE (the number of hypotheses of PSS/SSS/CRS locations increases exponentially with the number of DMTC windows); hence it would be beneficial to support ‘one-shot’ detection of DRS [3]. 

Observation 3: 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.

Proposal 2: For Alt. 2, a configurable DMTC window size may be considered.
2.1.3 Aperiodic DRS transmission
In addition to the two alternatives for DRS transmission based on the periodic DMTC, DRS could be transmitted ‘on demand,’ by a cell to increase the probability of successful transmission to meet RRM measurement performance requirements. For example, the DRS could be transmitted at the start of an ON-duration, where data and the DRS are multiplexed. Providing the DRS in the first subframe provides additional benefits for obtaining time/frequency synchronization on an unlicensed carrier and CSI feedback [4][5]. This is illustrated in Figure 6 below. 

[image: image6.emf]LAA Cell 1

Wi-Fi AP

DMTC occasion

DMTC Period

dropped due to LBT

Aperiodic DRS

time


Figure 6: Aperiodic DRS

The benefit of this approach is related to the typical observed intervals between subsequent DRS transmissions. Due to LBT, it is expected that the average delay between DRS observations at a UE may become much larger than the configured DMTC period. Figure 7 provides evaluation results of the average delay between subsequent DRS transmissions of a given cell for different traffic loads.
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Figure 7: Per-cell Average DRS Delay

It is observed from Figure 7 that without LAA traffic, the average delay can increase to >3x of the configured DMTC period at high load. The benefit of multiplexing DRS transmissions within LAA data subframes is also observed in Figure 7, with the average delay reduced to ~2x of the DMTC period. These results illustrate the potential benefit of the UE performing RRM measurements outside of the configured DMTC to reduce reporting delay and provide more measurements within a configured period, which cannot be achieved by just strictly periodic DRS transmission. 
Observation 4: Aperiodic DRS outside of the periodic DMTC can be transmitted to increase the transmission opportunity of DRS, e.g. DRS can be transmitted at the start of an ON-duration, where data and the DRS are multiplexed.
Proposal 3: DRS transmissions outside of the configured DMTC can be supported for time/frequency synchronization, cell detection, and RRM.
2.2 Enhancements for ‘one-shot’ DRS detection/measurement
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, whether both the CRS and CSI-RS signals comprising the DRS could be utilized as measurement signals may depend on the underlying physical layer design. One advantage of performing cell/TP detection using the CSI-RS is the ability to measure many cells reliably in a short time window (due to high reuse factor of CSI-RS and ZP CSI-RS configurations by neighboring cells). However further study is needed on how multiplexing of CSI-RS resources between cells can be achieved on the unlicensed carrier such that this property can be maintained. 
It is also possible to consider a modified DRS for cell discovery and RRM measurement to support one-shot detection of the DRS, which is mentioned as a possible enhancement in Sec 2.1. 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. Such PSS/SSS repetition can be applied if the DRS transmission occurs within DMTC occasion. Aperiodic DRS outside of DMTC does not need to contain repeated PSS/SSS in order to maximum resources available for data transmission.   
Observation 5: To improve one-shot DRS detection reliability as well as to ensure DRS transmission occupies contiguous OFDM symbols, PSS/SSS of DRS can be repeated in OFDM symbols not occupied by CRS within the DRS subframe.

Proposal 4: The PSS/SSS of DRS can be repeated in OFDM symbols not occupied by CRS within the DRS subframe as a solution for one-shot DRS detection and to enable a transmission burst containing DRS signals to consist of continuous OFDM symbols.
2.3 LBT for DRS
As additionally discussed in [6], 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 instance, in this contribution, all the evaluation results assume a LBE Cat. 3 scheme for LAA data transmissions, while FBE is applied for DRS-only transmissions to reduce reception complexity at the UE and support reuse-1 among DRS transmissions as in Rel-12.  Table 2 below shows the distribution of the number of cells which transmit DRS during a given DMTC window for Alt.1 with a 40ms DMTC period. One observation is that as the traffic load increases the probability that not all the cells of the LAA operator can be transmitted within the same DMTC, which implies an increased reporting delay for a UE attempting to measure neighbouring cells of the same or different operator.
Table 2: Average number of DRS transmissions within a given DMTC under Alt.1
	Buffer Occupancy (WiFi)
	Average DRS transmissions per DMTC

	
	0
	1
	2
	3
	4

	.2
	0.155
	0.231
	0.14
	0.065
	0.41

	.6
	0.336
	0.329
	0.252
	0.025
	0.057


In addition, 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, or with fixed contention window, or with linearly scaling the backoff and enforcing a maximum value on the backoff counter could be utilized to restrict potential DRS transmission within the measurement window. When data and DRS need to be transmitted, the eNB can multiplex them in a single ON duration.

Observation 6: The LBT design for DRS transmissions is one example where a different LBT design/configuration may be beneficial relative to the design used by the data transmissions.
Proposal 5: Support of different LBT scheme/parameters for DRS-only transmissions and data transmission should be considered. 
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. The following observations and proposals were made:
Observation 1: In the presence of contention the performance of Alt. 1 may be significantly impacted. In addition, a very large amount of overhead may be incurred if the cell reserves the channel before the subframe where the DRS occasion is configured, which is not beneficial from a system-level performance perspective.

Proposal 1: For Alt. 1, enhancements such as a shorter DMTC period and ‘one-shot’ DRS detection may be considered.
Observation 2: At higher traffic loads, a significant performance benefit is observed for DRS transmission Alt. 2 compared to Alt. 1.

Observation 3: 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.

Proposal 2: For Alt. 2, a configurable DMTC window size may be considered.
Observation 4: Aperiodic DRS outside of the periodic DMTC can be transmitted to increase the transmission opportunity of DRS, e.g. DRS can be transmitted at the start of an ON-duration, where data and the DRS are multiplexed.
Proposal 3: DRS transmissions outside of the configured DMTC can be supported for time/frequency synchronization, cell detection, and RRM.
Observation 5: To improve one-shot DRS detection reliability as well as to ensure DRS transmission occupies contiguous OFDM symbols, PSS/SSS of DRS can be repeated in OFDM symbols not occupied by CRS within the DRS subframe.

Proposal 4: The PSS/SSS of DRS can be repeated in OFDM symbols not occupied by CRS within the DRS subframe as a solution for one-shot DRS detection and to enable a transmission burst containing DRS signals to consist of continuous OFDM symbols.
Observation 6: The LBT design for DRS transmissions is one example where a different LBT design/configuration may be beneficial relative to the design used by the data transmissions.
Proposal 5: Support of different LBT scheme/parameters for DRS-only transmissions and data transmission should be considered. 
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Annex A: Evaluation methodology

A.1
DRS evaluation assumptions

	Parameters
	Value

	Network deployment
	Indoor, 1 WiFi operator, 1 LAA Operator

	LAA LBT Scheme
	LBT Cat. 3

	DRS LBT Scheme
	FBE

	DRS Transmission schemes
	Alt. 1 or Alt. 2 with subframe-level granularity

	DMTC Duration
	6ms

	DRS Duration
	1ms

	Measurement Period
	200ms

	DRS CCA-ED
	-62dBm

	DMTC Configuration
	Period: 20ms, 40ms 

Aligned for all cells
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