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1 Introduction

A study item on Licensed-Assisted Access (LAA) using LTE was approved in RAN#65 [1]. The study item’s key objective is to explore the feasibility of operating LTE system in the 5 GHz band. There are quite a lot of regulatory requirements imposed on the 5 GHz band, and the contribution [2] have summarized the WLAN/RLAN regulatory requirements on different regions and countries. 

In this contribution, one of the regulatory requirements, namely the occupied channel bandwidth requirement, is discussed by comparing it with the occupied bandwidth (OBW) requirement in 3GPP specifications.

2 Discussion

In this section, the summary of RAN1 evaluation of occupied channel bandwidth will be provided. Then, some background summary will be provided for the OBW requirement in 3GPP and occupied channel bandwidth as in [3]. We then provided some initial assessments and tentative proposals given the relationship between occupied bandwidth and occupied channel bandwidth from the regulatory and 3GPP domain.

2.1 Summary of RAN1’s OBW

Several contributions in [4 – 9] have provided some analysis and assessments of occupied channel bandwidth regulatory requirements, and outcomes of the assessment have been captured in [2]. It should be noted that RAN1 analysed the occupied channel bandwidth regulatory requirement in order to identify the LAA physical layer design options. Table 1 summarises RAN1’s key findings and work on the occupied channel bandwidth regulatory requirements. 
Table 1: RAN1’s occupied channel bandwidth regulatory work summary

	Aspects
	Details
	Comments/Views

	Identify OBW regulatory limits
	RAN1 found that occupied channel bandwidth regulatory limits only available in ETSI BRAN [3]:

The definitions of the two requirements are:

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.

A device is allowed to operate on several adjacent or non-adjacent channels simultaneously. When equipment has simultaneous transmissions on 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.

The corresponding limits are: 

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.

NOTE: During an established communication, a device is allowed to operate temporarily in a mode where its Occupied Channel Bandwidth may be reduced to as low as 40 % of its Nominal Channel Bandwidth with a minimum of 4 MHz.

FCC only specifies a minimum 6 dB bandwidth to be at least 500 kHz with the 5.725-5.85 GHz band but sets no other restrictions on bandwidth utilization [10]. 
	RAN1 viewed that this regulatory requirements could impact LAA design:

· Need to evaluate the data transmission shall meet the requirement of occupying at least 80% of its nominal channel bandwidth.

· Need to clarify meaning of ”temporarily OBW reduction”.



	Downlink impact
	For downlink LTE, the impact of the OBW regulatory requirement seems to be relatively minor
	Impact to eNB OBW requirements seems small

	Uplink impact
	If uplink transmission on unlicensed spectrum is supported, a single UE scheduled for data transmission on this spectrum shall meet the requirement of occupying at least 80% of its nominal channel bandwidth and then the benefits of frequency division multiplexing provided by eNB scheduling are restricted.

LTE could for example transmit in two RBs on the edges of the band, and in that case the 99% of the power of signal would be in the bandwidth occupying more than 80% of the channel.

It seems unclear if there is any regulation or assumption on the signal waveform to occupy a certain bandwidth, e.g. non-contiguous PRB allocation over LAA system bandwidth.
	RAN1 viewed that 80% of nominal channel bandwidth limit may restrict the partial PRB allocation case in uplink, especially very small PRB allocation. 

	Impact on RRM measurement bandwidth
	It may be further discussed if  > 5MHz should be supported on 5GHz considering the large bandwidth available at 5GHz band. Excluding narrower bandwidths can have some impact on RAN1, e.g. it would be possible to obtain RRM measurements with accuracy that is comparable to the legacy measurement using only measurement samples from a single subframe.
	

	OBW testing/measurement
	Test procedure for occupied channel bandwidth is defined to utilize 99% bandwidth function of spectrum analyzer to measure occupied bandwidth with resolution bandwidth set to 100 kHz and sweep time set to > 1 s.

Test for occupied bandwidth may be satisfied without specific restriction to the signal waveform in frequency and time domain.
	RAN1 viewed that verification of  OBW via the test procedure in EN 301 893 is acceptable. 

The occupied channel bandwidth shall be between 80% and 100% of the declared nominal channel bandwidth, contain 99% of the power of the signal, and be verified under normal operating conditions by a spectrum analyser with a resolution bandwidth of 100kHz.


From Table 1, it can be noted that ETSI BRAN’s occupied channel bandwidth regulatory limits are the main reference. The main aspect that needs to be studied is the impact to uplink partial PRB allocation/scheduling for LAA UEs. This is related to the occupied channel bandwidth’s lower limit and the NOTE in the requirement. Hence this will also be the key assessment in the following sections.  
2.2 Background of Occupied bandwidth in 3GPP

The OBW requirement in 3GPP (i.e. TS36.101/36.104 specification) was formulated based on consideration from some regulatory requirements such as ITU-R SM.328 [11] and ITU-R Radio Regulations. It is originally defined by the ITU-R as a maximum bandwidth, and emission outside of this bandwidth shall not exceed a certain percentage of the total emissions. It enables operating agencies, national and international organizations, to carry out measurements to quantify the bandwidth actually occupied by a given emission and thus to make sure, by comparison with the necessary bandwidth, that such an emission does not occupy an excessive bandwidth for the service and is therefore not likely to create interference beyond the limits laid down for this class of emission.
2.2.1 BS OBW
For E-UTRA single carrier, the necessary bandwidth is equal to the channel bandwidth. The OBW is used in some regions as a regulatory requirement and it is today a mandatory requirement for the UE and BS in RAN4 specification.

In TS36.104 section 6.6.1, the definition of OBW is [12]:

The occupied bandwidth is the width of a frequency band such that, below the lower and above the upper frequency limits, the mean powers emitted are each equal to a specified percentage /2 of the total mean transmitted power. 
The value of  /2  shall be taken as 0.5%. 
For a BS operating in single-carrier or multi-carrier, the OBW requirement is applicable to each E-UTRA carrier and shall be less than the channel bandwidth. For a BS operating in intra-band contiguous CA, the OBW shall be less than or equal to the aggregated channel bandwidth.

The OBW requirement in TS36.104 is expressed per antenna connector. In case of multi-carrier transmission with one or multiple transmitter antenna connectors, transmit diversity or MIMO transmission, the requirement apply for each transmitter antenna connector.

2.2.2 UE OBW

In TS36.101section 6.6.1, the definition of OBW is [13]:

The occupied bandwidth is a measure of the bandwidth containing 99% of the total integrated power of the transmitted spectrum on the assigned channel.
For a UE operating in single-carrier or inter-band CA or intra-band non-contiguous CA, the OBW for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth. For a UE operating in intra-band contiguous CA, the OBW shall be less than the aggregated channel bandwidth. 
2.3 Assessments and Proposals

By comparing the 3GPP occupied bandwidth with the ETSI BRAN occupied channel bandwidth, we notice that their definitions are the same, which is essentially defined as 99% of the power of the transmitter signal. However, the OBW limit is different from the occupied channel bandwidth because there is no lower OBW requirement limit in 3GPP specifications. 
In RAN1#79 meeting, an agreement was reached that the LAA system bandwidth shall be >= 5 MHz for PHY layer options. In this way, the occupied channel bandwidth is only applicable for the case of the nominal channel bandwidth >= 5 MHz. Hence,
Proposal 1: The LAA occupied channel bandwidth is applicable for nominal channel bandwidth >= 5 MHz only, and yominal channel limit should be defined for LAA UE and eNBhe same OBW defnition and limits. ng. ially very small PRB allocattheir OBW limit(s) needs to be defined for LAA UE and eNB.
In the ETSI BRAN specification [3], the nominal channel bandwidth is defined. The nominal channel bandwidth(s) is then declared by RLAN manufacturers. When RAN4 defines the OBW, the necessary bandwidth definiton is used. We also notice that the following bandwidths are used in the TS 36.141 [14]:
· Declared channel bandwidth for BS operation in single-carrier, 

· Declared maximum RF bandwidth for BS operation in multi-carrier and/or CA. 

· Aggregated channel bandwidth provided by test house for testing BS capable of contiguous CA operation
In principle, it is plausible to map the nominal channel bandwidth to the bandwidths above. Initial LAA operation will be the SDL mode (i.e. downlink CA only). The CA of licensed carrier(s) and unlicensed carrier(s) will be of inter-band CA nature, which is a non-contiguous spectrum operation. This corresponds to adjacent and non-adjacent channels transmission, where aggregated channel bandwidth can be interpreted as “n” times the individual nominal channel bandwidth. Therefore, we could reuse as much as possible the principles used in 3GPP.  Another principle is the OBW testing, as illustrated in Figure 1. 
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Figure 1: Illustration of B,M,T test principle of OBW
From Figure 1, the unlicensed 5 GHz band plan will be designed eventually in RAN4, which is basically the standardisation of a new band. So, assume that both intra-band contiguous and intra-band NC/inter-band CA principle can be applied, the spectrum block in 5 GHz frequency range can be treated as a sub-block. Alternatively, separate manufacturer declaration of nominal channel bandwidth can be performed. So, we propose 
Proposal 2: Nominal channel bandwidth should be mapped to its equivalence(s) in 3GPP specifications for LAA UE and eNB.
According to EN 301 893 [3], when WLAN equipment has simultaneous transmissions in adjacent channels, the occupied channel bandwidth is applied for the bandwidth of the total number of adjacent channels, and for non-adjacent channels the occupied channel bandwidth shall be considered for each channel separately. The case of simultaneous transmissions in adjacent channels and non-adjacent channels are similar with contiguous spectrum operation and non-contiguous spectrum operation defined in 3GPP, respectively. However, in 3GPP the occupied bandwidth cover 99% power of all of the contiguous spectrums is only apply for contiguous carrier aggregation, for contiguous carrier in multi-carrier operation in BS side, the occupied bandwidth is applied to each E-UTRA carrier. For non-contiguous spectrum in 3GPP, the occupied bandwidth limit shall also be considered for each spectrum separately, which is similar with occupied channel bandwidth.

Observation 1: The principle of occupied channel bandwidth applicable for adjacent channels is similar to occupied bandwidth for contiguous carrier aggregation operation, but not applicable for non-CA multi-carrier configuration in BS side.
Observation 2: The principle of occupied channel bandwidth applicable for non-adjacent channels is similar to occupied bandwidth for non-contiguous spectrum operation.

2.3.1 Partial uplink PRB transmission/scheduling

According to the IEEE 802.11n and later the 802.11ac specifications, WLAN equipment have the ability to transmit in smaller channel bandwidths when operating on a channel with greater than minimal bandwidth, e.g. 20 MHz channel bandwidth when operating on the channel using a 40 MHz mask bandwidth, 20 and 40 MHz when operating on 80 MHz and 20, 40 and 80 MHz when operating with a 160 MHz mask bandwidth. Since the LO of the equipment is normally tuned to the largest nominal channel bandwidth, then with the same transmit spectral emission mask, operation at smaller nominal channel bandwidth will result in more stringent emission requirement. Hence, it is our understanding that the provision of regulatory limit to allow RLAN equipment to operate below its nominal channel bandwidth can resolve the over-stringent emission requirement, at the same time allowing partial uplink PRB allocation. It can be noted that ETSI BRAN specification in [3] has revised the nominal bandwidth reduction from 80% of nominal channel bandwidth with minimum of 16 MHz to 80% of nominal channel bandwidth with minimum of 4 MHz. This allows finer PRB allocation.     

2.3.2 OBW lower limit
As explained in section 2.2, no lower limit is defined for OBW in 3GPP despite the fact that ETSI BRAN in [3] specifies the occupied channel bandwidth shall be at least 80 % of the declared nominal channel bandwidth. The issue is whether lower the limit of 80% will impact the current 3GPP specifications. From our understanding, in 3GPP the occupied bandwidth is the bandwidth occupied for transmit signal power in the whole channel. 

For LTE downlink (BS side), the OBW lower limit has no impact because the transmit signal power is based on full PRB allocation for each LTE carrier while fulfilling the unwanted emission requirement. 
For LTE uplink (UE side), considering the uplink multiplexing, a UE may not be configured with full RB of the given bandwidth. The concern is uplink multiplexing may have serious limitations due to occupied channel bandwidth limit. Our understanding is that either occupied bandwidth or occupied channel bandwidth is just one way to specify out-of-band emission; also the occupied bandwidth in TS36.101 is defined for full PRB for each channel bandwidth. Also the total transmitted power is the power of the transmitted spectrum within the range of all measured frequencies, which are the frequency span selected for spectrum analyzer. Therefore it seems there are two options for this issue:
Option 1: Reuse the 3GPP principle of OBW by testing OBW under full PRB case. Partial PRB case and lower OBW limit are not considered and inherently fulfilled. 

Option 2: Introduce the lower OBW limit based on ETSI BRAN [3], and test OBW under full PRB and minimum PRB case for unlicensed 5 GHz band only. No change to licensed band OBW limits. 

However, this issue needs to be discussed in RAN4 so we have the following proposal
Proposal 3:  RAN1 send RAN4 an LS asking clarification on the issue of OBW lower limit.
3
Conclusions
In this contribution, we gave some initial assessments on occupied channel bandwidth defined in EN301 893 specification [3]. By comparing occupied bandwidth defined in current 3GPP specifications, some observations and proposed are given as follows:
Observation 1: The principle of occupied channel bandwidth applicable for adjacent channels is similar to occupied bandwidth for contiguous carrier aggregation operation, but not apply for non-CA multi-carrier configuration in BS side.

Observation2: The principle of occupied channel bandwidth applicable for non-adjacent channels is similar to occupied bandwidth for non-contiguous spectrum operation.

Proposal 1: The LAA occupied channel bandwidth is applicable for nominal channel bandwidth >= 5 MHz only, and yominal channel limit should be defined for LAA UE and eNBhe same OBW defnition and limits. ng. ially very small PRB allocattheir OBW limit(s) needs to be defined for LAA UE and eNB

Proposal 2: Nominal channel bandwidth should be mapped to its equivalence(s) in 3GPP specifications for LAA UE and eNB.

Proposal 3:  RAN1 send RAN4 an LS asking clarificaiton on the issue of OBW lower limit.
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