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1 Introduction
The UEM requirement for an LTE BS configured for intra-band contiguous carrier aggregation with small bandwidth carriers (i.e. 1.4MHz, 3MHz) adjacent to the RF bandwidth edge has been left as an open issue for Rel-10 LTE-A BS due to this scenario is not of a primary interest at that moment. However, with the approval of a new WI for LTE_CA_C_Band 27 in RAN#58 in which contiguous carrier aggregation with small bandwidth carriers (1.4 + 5 MHz, 3 + 5 MHz, 1.4 +10 MHz and 3+10 MHz) is the main operator scenario, we see a need to address this issue.
In this contribution, we discuss how to define UEM requirement and provide some options for RAN4 further consideration.
2 Discussion
When RAN4 studied UEM requirement for E-UTRA BS supporting contiguous CA, it was proposed that in TR36.808 [1] that, 
●
For the outermost component carrier with channel bandwidth ≥5 MHz, the channel bandwidth of the outermost component carrier should be considered for UEM requirements. (This is aligned with the existing UEM requirement for LTE Rel-8 multiple carrier BS in TS 36.104 Annex.F.2.)
●
The UEM requirements shall be FFS if channel bandwidth of the outermost component carrier < 5MHz.
There was lots of discussion on the second point during LTE CA BS WI, however, no consensus was achieved. Therefore so far there is no UEM requirement for E-UTRA BS with the outermost component carrier <5MHz in TS 36.104. In this contribution, we provide several possible options to address this problem.

Option 1: To reuse LTE UEM for channel bandwidth
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5MHz as long as the aggregated bandwidth is larger than 5MHz [2]. 

Take an example of (1.4MHz+5MHz) carrier aggregation, as shown in Figure 1. And the power spectral density of each carrier is the same level according to TS 36.141 Section 4.10.2.2 (Test configuration power allocation).
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Figure 1 5MHz+1.4MHz LTE contiguous carrier aggregation
According to previous RAN4 study, a generic OOB emission limit (LTE UEM for channel bandwidth ≥5MHz) should be applied at the edge of the 5MHz bandwidth LTE carrier. For UEM at the edge of 1.4MHz bandwidth LTE carrier, it is noted that the spectral re-growth generated in PA is the main source of the operating band unwanted emission, the bandwidth of the total aggregated channel bandwidth plays a significant role on how the emissions are spread into the out-of-band domain, rather than the bandwidth of the individual component carrier. Therefore the unwanted emission shall be symmetric at both sides and it is reasonable to use the same UEM mask for the 1.4MHz carrier side. Therefore, we propose to reuse LTE UEM for channel bandwidth
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5MHz as long as the aggregated bandwidth is larger than 5MHz.
Another issue is where to define the frequency reference point for the side with 1.4MHz carrier adjacent to the channel edge, i.e. the Foffset in Figure 1. There may have two ways:

Option 1a): Foffset = BWChannel/2
This is the simplest way to define Foffset, as shown in Figure 2. However for LTE carrier, its guard bands are relative to BW_channel (~10%), i.e. the wider the carrier bandwidth, the wider the guard band. The guard bands at each side for 1.4MHz and 3MHz carrier are 0.16MHz, 0.15MHz respectively, lower than 0.25MHz guard band for a 5MHz carrier. This could ask for a relatively complex filter design to ensure the same TX/RX requirements at both edges of the TX/RX signals. 
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Figure 2 Option 1a: UEM requirement for 5MHz+1.4MHz LTE contiguous CA

Option 1b) F offset = BWChannel/2+[X MHz].

With concerning that in option 1a) the guard band for the outermost 1.4/3MHz component carrier may be too small to meet UEM requirement, another simple way is to increase the F offset by [X] MHz at the edge. 
For the value of X, one simple way is to reuse the same definition for MSR BC1/BC3, i.e. additional offset of 200kHz is applied when 1.4MHz/3MHz carrier is adjacent to the RF bandwidth edge. Another way is to have the same guard band with a 5MHz LTE carrier, i.e. considering that the minimum extra guard band shall be 90 kHz for 1.4MHz carrier and 100 kHz for 3 MHz carrier, the additional offset of 100 kHz could be applied for specification simplicity. The value of X will be studied further. 
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Figure 3 Option 1b: UEM requirement for 5MHz+1.4MHz LTE contiguous CA
Option 2: To reuse the MSR UEM requirement for small carrier adjacent to the RF bandwidth edge.
We also found that in TS 37.104 two different approaches is provided to define UEM requirement when 1.4MHz/3MHz LTE carrier is placed at the RF bandwidth edge, i.e. UEM for BC1 (BC3) and BC2, respectively. Figure 4 shows the comparison of BC1 (BC3) and BC2 UEM with 1.4MHz LTE carrier at RF bandwidth edge as an example.
For MSR BS, generally the more stringent UTRA limit is adopted by comparing the UTRA mask in TS 25.104 and E-UTRA mask in TS 36.104 (except E-UTRA mask for Category B spurious emissions). To make it possible to meet the -14dBm/30kHz at the start of the UEM when 1.4MHz or 3MHz carrier is adjacent to the RF bandwidth edge, the Foffset, RAT is increased by 200 kHz in BC1/BC3. For BC2, some modification is performed in the first 0.15MHz unwanted emission domain by applying GSM 8PSK mask (TS 45.005 Clause 4.2.1 case a3). 
However, it should be noted that since MSR mask is derived from UTRA and GSM, it does not consider LTE specific characteristics, e.g. “variation” in the emissions between resource blocks. So applying MSR mask for LTE single RAT BS could give limits that are stricter than the co-existence limits generally. It could also be strange to see unequal emission mask requirement on two sides of OOB domain in above (5MHz +1.4MHz) CA scenario since the emission shall be similar in reality. 
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Figure 4 Comparison of BC1/BC3 and BC2 UEM with 1.4MHz LTE carrier at RF bandwidth edge
3 Conclusion
In this contribution, we give some initial discussion on UEM requirement for LTE BS configured for intra-band contiguous carrier aggregation with small bandwidth carriers (i.e. 1.4MHz, 3MHz) adjacent to the RF bandwidth edge. Two options are provided:
Option 1: To reuse LTE UEM for channel bandwidth
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5MHz as long as the aggregated bandwidth is larger than 5MHz, since the unwanted emission shall be symmetric at both sides. For the Foffset for the outermost 1.4/3MHz component carrier,
1a)  Foffset = BWChannel/2
1b)  F offset = BWChannel/2+[X MHz] (X is FFS)
Option 2: To reuse the MSR UEM requirement for small carrier adjacent to the RF bandwidth edge.
We encourage RAN4 to discuss this issue and decide how to define LTE BS UEM requirement with small bandwidth carrier at the channel edge. 
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