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1. Introduction

In the past few RAN4 meetings there was some discussion on defining performance requirements for intra-band contiguous CA with minimum channel spacing. In this contribution we look at some base station RF emission requirements/specifications and how they relate to minimum channel spacing. We find that the existing specifications do not impose any requirements within the guard band inside the channel and therefore may not be sufficient to ensure that there is minimal interference from between adjacent carriers and that robust system acquisition can be supported. 
2. Discussion

Review of basestation emission requirements

Basestation transmissions in the vicinity of the channel edge are governed by ACLR, occupied bandwidth, and operating band unwanted emission requirements in TS 36.104.  Spurious emission requirements apply at offsets 10 MHz and greater from the channel edge and are therefore not applicable to this evaluation.  For ACLR, occupied bandwidth, and operating band unwanted emissions, each of these apply outside of the channel bandwidth.  For ACLR, the requirement is defined with a square filter with bandwidth equal to the transmission bandwidth configuration centered on the adjacent channel to protect adjacent E-UTRA channels, or an RRC filter to protect an adjacent 1.28, 3.84, or 7.68 Mcps UTRA channels.  The ACLR requirement is generally 45 dB.  For occupied bandwidth, the requirement is that the transmitted power be contained to within less than the channel bandwidth.  Outside of the occupied bandwidth, total power must at least 23 dB lower both above the channel and below the channel.  We believe that the interpretation of the occupied bandwidth should be the transmission bandwidth configuration (as defined in table 5.6-1 of 36.101).  Finally, for operating band unwanted emissions, the requirement is for emissions measured in relatively narrow measurement bandwidth of 100 kHz immediately outside of the channel bandwidth is -7 dBm for wide area BS operating 5, 10, 15, and 20 MHz channels.

From these requirements, it can be seen that the emission requirements on the basestation are covered by numerous requirements outside of the channel, but there are no requirements inside of the channel except for occupied bandwidth.  The reasoning is that unwanted emission requirements are primarily motivated by the need to protect systems in adjacent channels. However, there may be other reasons why it is important to specify basestation emissions within the guard band inside the channel, recognizing that the transmission bandwidth configuration of the LTE channel leaves 5% guard inside the channel on both upper and lower edges.

Observation 1:  The existing unwanted emission requirements on the basestation transmitter apply outside of the channel.  
By extension, for multi-carrier E-UTRA BS or for the BS configured for contiguous intra-band carrier aggregation, the unwanted emission requirements apply at the outside of the aggregated channel bandwidth.  There are no requirements on unwanted emissions between the component carriers.  Here, an interpretation of occupied bandwidth per component carrier where the occupied bandwidth for each component carrier corresponds to the transmission bandwidth configuration for the carrier is our understanding.
Observation 2:  The existing unwanted emission requirements for contiguous intra-band CA apply only outside of the aggregated channel.  
In the absence of these constraints on basestation transmitter occupied bandwidth related to transmission bandwidth configuration, in the case where carriers are placed at minimum channel spacing, an overlap is created between the outermost RB's in each component carrier.  Demodulation requirements such as those discussed as a consequence of [1] do not include RF aspects such as spectral leakage from one carrier to another.  This allows RF requirements and demodulation requirements to be decoupled.  In order to be able to maintain this principle, emission requirements for the basestation must be enforced with respect to the transmission bandwidth configuration rather than the channel bandwidth.  Moreover, system acquisition in a contiguous intra-band CA scenario, especially with closely spaced carriers, is ill-defined without guard band between carriers in the basestation transmission.  
Observation 3:  Without specifications on the basestation emissions with respect to the transmission bandwidth configuration, rather than the channel bandwidth, demodulation and system acquisition cannot be well defined.
System acquisition

System acquisition is generally performed by searching for “spectrum boxes” where an LTE system is located. System acquisition through searching for sync signals on every possible carrier frequency is not feasible because of the huge number of EARFCNs supported by a UE(a UE would have to search every 100kHz in each supported band). The acquisition time would take tens of minutes or hours and the power consumption impact would be very high. In order for the acquisition process to be reliable, the spectrum shape of an LTE channel has to be relatively well defined. In the case of minimum channel spacing, the spectrum shape becomes unclear unless there is some requirement on the emission limit in the space between the carriers. We would also like to point out that system acquisition has to be performed on a single channel and not on aggregated channels (e.g. the UE cannot search for a “box” of N carriers instead of 1) because of the very large number of possible combinations of aggregated carriers and channel spacings (multiple channel bandwidths x number of aggregated carriers x channel spacing combinations). 
Considering the above, in order to guarantee reliable system acquisition, the level of RF emissions between carriers should be clarified.

Proposal 1: Clarify the emission level in the space between carriers.
Emission requirement in the guard 

One way to mitigate this problem is to ensure that the basestation meets emission requirements outside of the transmission bandwidth configuration, or within the guard at the edges of the channel.  In practice, the basestation already naturally reduces its emissions in the guard since it must meet unwanted emission requirements immediately outside the channel without the availability of infinitely sharp filters.  For examples, studies in [2] indicate that basestation close-in emissions decays very quickly from the edge of the transmission bandwidth to the edge of the channel.
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Figure 1.  An example basestation emissions.  Figure 3 from reference [2].
The problem is exacerbated when the component carriers are spaced more closely together.  In the case of minimum channel spacing, the guard region and therefore the gap between component carriers becomes diminishingly small.  For example, in the case of 18.3 MHz spacing between adjacent 20 MHz carriers, the gap between the outermost RB's in each carrier is only 300 kHz.  Compare this to nominal spacing of 19.8 MHz where the gap is 1.8 MHz.  In order for system acquisition to be able to be robustly performed, a discernable gap must be present between these carriers regardless of the spacing as described in the previous section.  Furthermore, for demodulation, it must be ensured that the spectral leakage from one carrier does not interfere with the other carrier.  Therefore, to accommodate both nominal and minimal spacing, we propose that emission requirements be defined in the immediate vicinity about the transmission bandwidth configuration edge for each component carrier.
Proposed specification changes
To ensure robust system acquisition in a general way, especially for the case of contiguous intra-band CA, we propose to modify the existing requirement for occupied bandwidth.  For single carrier, we propose that the occupied bandwidth requirement be applied to transmission bandwidth configuration rather than to the channel bandwidth.  This will ensure that the power outside of the transmission bandwidth, in the guard, will be limited.  

6.6.1
Occupied bandwidth

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. See also ITU-R Recommendation SM.328 [5].

The value of /2 shall be taken as 0.5%.

The requirement applies during the transmitter ON period.

6.6.1.1
Minimum requirement

The occupied bandwidth for each E-UTRA carrier shall be less than or equal to the transmission bandwidth configuration as defined in subclause 5.6. For intra-band contiguous CA, the occupied bandwidth shall be less than or equal to the bandwidth defined by the lower edge of the transmission bandwidth configuration of the lowest carrier and the upper edge of the transmission bandwidth configuration of the highest carrier, as defined in subclause 5.6.  
For contiguous intra-band CA, the current basestation emission requirements do not apply between component carriers, but rather to the emissions outside of the aggregated channel bandwidth.  It is therefore necessary to introduce a new requirement on emissions between component carriers.  We propose the following addendum to the occupied bandwidth requirement.
In addition, for intra-band contiguous CA, the mean power in a 100 kHz measurement bandwidth centered at 150 kHz outside of the transmission bandwidth configuration of each component carrier shall be less than or equal to [X] dB compared to the mean power transmitted in the component carrier.
This is illustrated pictorially below in Figure 2.  For X we propose [43] dB, derived based on 20 dB attenuation of PSD and bandwidth scaling from 18 MHz transmission bandwidth to 100 kHz measurement bandwidth; i.e., 20 dB attenuation + 10*log10(18 MHz/100kHz) = 43 dB. This value can be further discussed base on more input from interested companies.
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Figure 2.  Proposed occupied bandwidth requirement for intra-band contiguous CA
3. Conclusion
In this contribution, it has been observed that existing basestation specifications do not include requirements for unwanted emissions within the guard band inside of the channel, except for occupied bandwidth.  It is necessary, however, to enforce requirements within the guard band to enable robust demodulation and system acquisition performance, especially in the context of contiguous intra-band CA with closely spaced carriers.  It is proposed that occupied bandwidth be clarified to relate to the transmission bandwidth configuration rather than simply stated as less than channel bandwidth, and that it should also be applied per component carrier for contiguous intra-band CA.  This contribution provide a proposal on how the 36.104 specification can be modified.

Proposal:  Occupied bandwidth definition is clarified for the basestation to be less than or equal to the transmission bandwidth configuration.  Occupied bandwidth for intra-band CA shall be modified to include a requirement on the PSD between component carriers.
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