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1. Introduction

In ETSI regulation on 5GHz RLAN [1], the following is specified regarding Occupied Channel Bandwidth (OCB) as follows. 
	4.3 Nominal Channel Bandwidth and Occupied Channel Bandwidth

4.3.1 Definition

The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel.

The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal.
NOTE: A device is permitted to operate in one or more adjacent or non-adjacent channels simultaneously.

When equipment has simultaneous transmissions in adjacent channels, these transmissions may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels. When equipment has simultaneous transmissions in non-adjacent channels, each power envelope shall be considered separately.

4.3.2 Limits

The Nominal Channel Bandwidth shall be at least 5 MHz at all times.

The Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth.
In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet this

requirement.

During an established communication, the device is allowed to operate temporarily with an Occupied Channel Bandwidth below 80 % of its Nominal Channel Bandwidth with a minimum of 4 MHz.


For the compliance test of the OCB, the following is specified [1].
	5.3.3 Occupied Channel Bandwidth

5.3.3.1 Test conditions

The conformance requirements in clause 4.3 shall be verified only under normal operating conditions, and on those channels and channel bandwidths defined in clause 5.1.3.

The measurements shall be performed using normal operation of the equipment with the test signal applied (see clause 5.1.2.1).

The UUT shall be configured to operate at a typical RF power output level used for normal operation.

When equipment has simultaneous transmissions in adjacent channels, these transmissions may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels. When equipment has simultaneous transmissions in non-adjacent channels, each power envelope shall be considered separately.

For a UUT with antenna connector(s) and using dedicated external antenna(s), or for a UUT with integral antenna(s) but with a temporary antenna connector(s) provided, conducted measurements shall be used.

In case of conducted measurements on smart antenna systems (devices with multiple transmit chains) measurements

need only to be performed on one of the active transmit chains (antenna outputs).

For a UUT with integral antenna(s) and without a temporary antenna connector(s), radiated measurements shall be used.

5.3.3.2 Test method

5.3.3.2.1 Conducted measurement

The measurement procedure shall be as follows:

Step 1:

Connect the UUT to the spectrum analyser and use the following settings:

- Centre Frequency: The centre frequency of the channel under test

- Resolution Bandwidth: 100 kHz

- Video Bandwidth: 300 kHz

- Frequency Span: 2 × Nominal Bandwidth (e.g. 40 MHz for a 20 MHz channel)

- Sweep time: > 1 s; for larger Nominal Bandwidths, the sweep time may be increased until a value where the 

sweep time has no impact on the RMS value of the signal
- Detector Mode: RMS

- Trace Mode: Max Hold

Step 2:

Wait for the trace to stabilize.

Step 3:

Make sure that the power envelope is sufficiently above the noise floor of the analyser to avoid the noise signals 
left and right from the power envelope being taken into account by this measurement.

Use the 99 % bandwidth function of the spectrum analyser to measure the Occupied Channel Bandwidth of the 

UUT. This value shall be recorded.

The measurement described in step 1 to step 3 above shall be repeated in case of simultaneous transmissions in non-adjacent channels.


In this paper, we discuss the general interpretation of the OCB regulation and discuss how to satisfy the regulation on the OCB in LAA UL.
2. Interpretation of OCB regulation
To be compliant with ETSI regulation on OCB, 99% of the LAA UE’s UL transmission power should occupy more than 80% of system bandwidth (including guard band). Exceptionally, UE’s 99% transmit power bandwidth may be temporarily smaller than 80% of system bandwidth while it should be larger than 4MHz.
On the other hand, it seems unclear in which time scale the OCB regulation should be satisfied. Motivation of OCB regulation may be to guarantee stable channel bandwidth occupation which is consistent with the system (or nominal) bandwidth declared for the UUT. In that sense, OCB may not need to be satisfied with very small time scale. As introduced in previous section, ETSI regulation is specified to observe larger than 1 second for the compliance test of OCB.
Observation 1: LAA UE’s UL transmission power should occupy more than 80% of system bandwidth (including guard band) to be compliant with ETSI regulation on OCB.

Observation 2: LAA UE’s 99% transmit power bandwidth may be temporarily smaller than 80% of system bandwidth while it should be larger than 4MHz to be compliant with ETSI regulation on OCB.

Observation 3: OCB regulation may not need to be satisfied with very small time scale.

3. LAA UL design to be compliant with OCB regulation
For Rel-13 LAA DL, OCB regulation was not specially handled since DL transmission bandwidth can be controlled by eNB implementation depending on the regional requirements. On the other hand, LAA UL design may have to consider OCB regulation depending on the time scale in which the regulation should be satisfied. We consider three general approaches for LAA UL design to satisfy OCB regulation and the corresponding specification impacts.
Approach 1) Statistical satisfaction of OCB over, e.g. 1 second
With this approach, eNB scheduler may satisfy OCB regulation by implementation without modification of existing UL physical channel (e.g., PUSCH, SRS, PRACH and PUCCH) structure. For example, eNB may schedule PUSCH/SRS to statistically occupy 80% of system bandwidth. PUCCH transmission bandwidth may already satisfy 80% system bandwidth by the nature of slot hopping. PRACH may not need to be considered since portion of PRACH transmission will be very small over overall UL transmission.
Approach 2) Satisfaction of OCB per every subframe

This approach may lead to the following impacts to the LAA UL design.
PUSCH: Always assigning 80% system bandwidith to a single UE in each subframe may be too much restriction and may not be desirable. Modification of the existing PUSCH resource allocation or wideband DM-RS for PUSCH [2] may be considered to guarantee 80% system bandwidth occupation with multiplexing reasonable number of UEs in a subframe.
SRS: Wideband SRS configuration may be used without modification of existing SRS structure

PRACH: Modification of the existing PRACH structure is necessary [3]. However, it may be enough for the modified PRACH structure to satisfy 4 MHz PRACH bandwidth considering the exception of OCB regulation for the temporary transmission.
PUCCH: Existing PUCCH structure with slot hopping may already satisfy the OCB regulation 
Approach 3) Satisfaction of OCB per every OFDM symbol

This approach may lead to the following impacts to the LAA UL design.

PUSCH: Modification of the existing PUSCH resource allocation [2] may be considered to guarantee 80% system bandwidth occupation with multiplexing reasonable number of UEs in a subframe.

SRS: Wideband SRS configuration may be used without modification of existing SRS structure

PRACH: Modification of the existing PRACH structure is necessary [3]. However, it may be enough for the modified PRACH structure to satisfy 4 MHz PRACH bandwidth considering the exception of OCB regulation for the temporary transmission.

PUCCH: Modification of the existing PUCCH structure is necessary and the standard impact could be large to consider not only the PUCCH transmission bandwidth but also multiplexing of multiple PUCCHs (and PUSCH) in a same subframe [4]. However, introduction of PUCCH may be deprioritized in Rel-14 LAA depending on the further discussion regarding support of dual connectivity in Rel-14 LAA.
Suggestion: Consider three general approaches for LAA UL design to satisfy OCB regulation considering the corresponding specification impacts.

Approach 1) Statistical satisfaction of OCB over, e.g. 1 second

Approach 2) Satisfaction of OCB per every subframe

Approach 3) Satisfaction of OCB per every OFDM symbol

4. Summary and conclusions

In this paper, we discussed the general interpretation of the OBC regulation and discussed how to satisfy the regulation on the OBC in LAA UL. The observations and suggestions of this paper are summarized as follows.

Observation 1: LAA UE’s UL transmission power should occupy more than 80% of system bandwidth (including guard band) to be compliant with ETSI regulation on OCB.

Observation 2: LAA UE’s 99% transmit power bandwidth may be temporarily smaller than 80% of system bandwidth while it should be larger than 4MHz to be compliant with ETSI regulation on OCB.

Observation 3: OCB regulation may not need to be satisfied with very small time scale.

Suggestion: Consider three general approaches for LAA UL design to satisfy OCB regulation considering the corresponding specification impacts.

Approach 1) Statistical satisfaction of OCB over, e.g. 1 second

Approach 2) Satisfaction of OCB per every subframe

Approach 3) Satisfaction of OCB per every OFDM symbol
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