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1 Introduction
Several options for specifying out-of-band (OOB) emissions were discussed in previous meetings in contributions such as [1] and [2]. The alternatives can be grouped into

· ACLR-type requirements: These are defined with a reference bandwidth on the order of the carrier bandwidth and will as such define co-existence properties with users allocated a similar bandwidth.
· Spectrum Emission Mask-type (SEM) requirements: These are defined with a reference bandwidth smaller than the carrier bandwidth and as such define co-existence properties with users allocated a smaller bandwidth, such as GSM or different adjacent band services. A special case is the ASSL
 that defines OOB emissions in a bandwidth equal to the resource block size and thus define co-existence properties with adjacent LTE allocations on a resource-block level.
In general, ACLR and SEM requirements should be relative to the carrier power as pointed out in [2]. In addition to the relative limits there may be fixed limits such as the FCC requirements [4].
2 Spectrum Emissions Mask (SEM)
An SEM defined with sufficiently small reference bandwidth, it becomes a useful tool in defining co-existence with adjacent systems having narrower bandwidth than LTE. Some important examples are:

· Adjacent LTE carriers that consist of a set of 180 kHz resource blocks, where the co-existence with each allocated resource block may be of interest.

· Adjacent GSM systems with ~200 kHz carrier bandwidth.

· Services in adjacent bands as analysed in ERC Report 65 [5], where the mask used is the WCDMA mask having a 30 KHz measurement BW up to 1 MHz from the carrier and a 1 MHz reference bandwidth beyond that point.

· Co-existence as defined by FCC [4] which is defined as an absolute value and could therefore be separate from the general SEM definition. It is only relevant for co-existence with services outside the assigned resource block, where the reference bandwidth in the 1st MHz from the block edge has a reference bandwidth being a fraction of the emission bandwidth of the system and a 1 MHz reference bandwidth beyond that point.

The emission mask should also capture the “shape” of the OOB emissions in a suitable way. For WCDMA, the OOB emissions were essentially “wideband” and the shape could be covered with a quite large reference bandwidth (1 MHz) at a sufficient separation from the carrier. The same may be the case for LTE when a “flat” allocation of the resource block is applied as exemplified in Figure 1. If there is a variation in allocated power between resource blocks as exemplified in Figure 2, there may be “bumps” in the OOB emissions. The width of the “bumps” will be of the same order as a resource block. To capture these in the OOB definition, the reference bandwidth should also be of the same order.
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Figure 1 Example LTE emissions with “flat” allocation of power to resource blocks. Example SEM and ACLR1 requirements are indicated.
2.1 Proposed “unwanted emissions” concept

The scenarios point at an SEM reference bandwidth not being larger than ~200 kHz. A suitable “legacy” number is 100 kHz. It would have to be verified if this number will be suitable also for matching the mask in the first adjacent MHz as defined in ERC Report 65. The FCC requirements which apply mainly in Region 2 should be defined separately as an absolute limit and may need a smaller measurement bandwidth in some cases.
The SEM limit should also be set to allow some variations due to varying power allocation between resource blocks as shown in Figure 2.
In WCDMA the SEM is not only defined in the OOB domain, but also across the spurious domain inside the operating band. This can also be the case for the LTE mask, as long as the limits in the spurious domain are consistent with recommended spurious limits in SM.329 [6]. The application of Category B limits agreed between ETSI and ECC [7] would be a basis for such limits in the spurious domain. The “unified” in-band OOB + spurious emissions for LTE should be named “unwanted emissions” which is the agreed terminology [6] that encompasses both OOB and spurious emissions.
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Figure 2 Example LTE emissions with large variation in allocated power per resource block. Example SEM and ACLR1 requirements are indicated.
3 Adjacent Channel Leakage ratio (ACLR)
The original ACLR definition developed for WCDMA had as its main intention to put requirements on OOB emissions leakage into adjacent WCDMA carriers. A similar definition for LTE can be a similarly useful tool for assessing adjacent channel compatibility, including co-existence with
· Adjacent 5 MHz WCDMA carriers, which will be an important scenario.

· Adjacent LTE carriers, where “average” leakage into spectrum allocations of the fundamental LTE bandwidths will be of interest (e.g. 1.25, 5, 10, 15 and 20 MHz).

Today’s ACLR limit in the 1st adjacent channel is 4 dB more relaxed than the corresponding SEM integrated over the same bandwidth. This makes the ACLR1 requirement quite pointless, since it can never be limiting for performance. 
3.1 Proposed ACLR concept

If there is to be both an ACLR-type requirement with carrier-wide reference bandwidth and an SEM with much narrower reference bandwidth, the ACLR limit should be somewhat stricter than the integrated SEM. In this way, the ACLR can capture the “average” behaviour over a carrier, while the SEM can take into account the “bumps” in the spectrum emissions resulting from variations in power allocations. This is exemplified in Figure 1 and Figure 2.
Since it is important to assess sharing properties both with adjacent WCDMA systems and with LTE carriers it is proposed that ACLR is defined with different bandwidths:
· ACLR/WCDMA (5 MHz reference bandwidth) in a 1st adjacent channel

· ACLR/LTE (reference bandwidth equal to LTE carrier bandwidth) in a 1st and 2nd adjacent channel
ACLR measured in other bandwidths (smaller or larger) than the LTE carrier or 5 MHz will still be defined by the SEM.

4 Emission limits for allocations at the operating band edge
When operating with a carrier allocated at the band edge, there are certain aspects of the proposed unwanted emissions and ACLR concepts that need to be considered.

· The legacy WCDMA SEM is to some extent a “regulatory” limit in Europe for the first 10 MHz since it is directly referenced in ERC Report 65 [5]. Spurious emission limits beyond the 10 MHz point are also assumed to be ‑30 dBm. This needs to be carefully considered when setting the actual SEM limits.
· It would in theory be possible to define a different SEM for carriers at the band edges than for carriers inside the operating band, because of the difference in regulatory requirements. Since the gain from an implementation point of view would be quite small, it is however proposed to have the same SEM limits defined at the band edges.

· For carriers with bandwidth larger than 5 MHz positioned close to or adjacent to the band edge, the 1st or 2nd adjacent channel that define the ACLR/LTE may fall partly or fully outside the point 10 MHz from the band edge. If it is fully outside, it should not be defined. If it is partly outside it can still be defined, but may not be limiting compared to the unwanted emission limits defined by SEM and spurious emissions.

5 Proposal

It is proposed to add the baseline proposals for SEM and ACLR to Section 6.6.1 and 6.6.2 of the LTE BS Technical Report [8], as shown in the Annexed text proposal.
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� ASSL = Adjacent Subcarrier Set Leakage ratio as defined in [3].
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