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1.
Introduction

The WI proposal to support the LTE Advanced intra-band contiguous Carrier Aggregation in Band 27 was approved in RAN#58 [1], and the revised WID was approved in RAN#59 [2]. One objective of the WI is to include the changes required in the BS SEM mask due to Carrier Aggregation of 1.4 and 3 MHz carriers.
This subject has been discussed in details during the previous RAN4 meetings and the requirements in the 37 series MSR TS were agreed [3, 4]. On the other hand, there was no conclusion on the requirements in the 36 series single-RAT TS. In this paper, we provide our recommendations on this topic, and provide a text proposal to record the recommendation in the TR 36.833-1-27 [5].
2.
Discussion
During the previous RAN4 meetings, it has been discussed that the unwanted emission requirements for multi-carrier BS with outermost carrier less than 5 MHz is for further study, with reference to the following statement in ‘Annex F (Informative): Unwanted emission requirements for multi-carrier BS’ of TS 36.104 [6] and ‘Annex J (Informative): Unwanted emission requirements for multi-carrier BS’ of TS 36.141 [7]:

All scenarios for channel bandwidths of the outermost carrier less than 5 MHz are for further study. 

Note that Annex F was included in the TS 36.104 back in 2008, with the agreement that ‘this area should be discussed in a separate Work Item’ [8]. Since then, different multi-carrier BS features like CA and NC spectrum operation have been introduced into TS 36.104, but this subject has never been concluded.
When this subject was discussed in 2008, there was a proposal [9]:

BS with multi-channel bandwidths: Unwanted emission requirements considering the channel bandwidth operating at the edge of the BS transmitter operating band should be applied.

At that time, some companies requested more time to analyze the cases with outermost carrier less than 5 MHz, and thus these cases were left as for further study in TS 36.104. More recently, this approach is proposed again in [10, 11], but again some companies requested more time to check, and thus no conclusion was made.
In the next section, we provided some simulation results to show the feasibility of this proposal.
3.
Simulation results
In this section, we provided the simulation results showing the emissions from the clipped and unclipped signals pre-PA of the following downlink CA combinations:

-
1.4 MHz with 5 MHz

-
3 MHz with 5 MHz

Below we list the simulation parameters used to obtain the results:
-
E-UTRA Test Model 1.1 (E-TM1.1) is used in the carriers.
-
The carriers are scaled with equal spectral density so the per carrier power partition between the 5MHz (62.5%) and 3MHz (37.5%) or 5MHz (80.5%) and 1.4MHz (19.5%) signals are different.  The signals are scaled to a total power of 40W (+46dBm).
-
The data point is marked with (o) and (*), respectively for the unclipped and clipped signals at 0.5 MHz interval near the carriers. The spectral plots are calculated with a brickwall RBW filter of 100 kHz.
-
Unwanted emission masks (Category A <1GHz, Category A >1GHz, and -13dBm/MHz) added with respect to the nearest carrier.  The dotted line applies to Category A <1GHz where the mask is -13dBm/100kHz; for Category A>1GHz the mask is -13dBm/1MHz at 2.85MHz from the band-edge for the 1.4MHz carrier (the same applies to the 3 and 5MHz carrier) but the range is beyond the range in the plot.

The simulation results for 1.4 MHz with 5 MHz with nominal carrier spacing of 3.2 MHz (non-CA) and 3 MHz (CA) are shown in Figures 1 and 2, respectively. And the simulation results for 3 MHz with 5 MHz with nominal carrier spacing of 4 MHz (non-CA) and 3.9 MHz (CA) are shown in Figures 3 and 4, respectively.
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Figure 1: 5MHz LTE TM1.1 + 1.4MHz LTE TM1.1, Df=3.2MHz
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Figure 2: 5MHz LTE TM1.1 + 1.4MHz LTE TM1.1, Df=3MHz
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Figure 3: 5MHz LTE TM1.1 + 3MHz LTE TM1.1, Df=4MHz
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Figure 4: 5MHz LTE TM1.1 + 3MHz LTE TM1.1, Df=3.9MHz
It can be seen from Figures 1 to 4 that there are sufficient margins in all simulated case between the pre-PA clipped signals and the unwanted emission mask considering the channel bandwidth of the outermost carrier (including 1.4 MHz and 3 MHz options). It can also be seen that there are sufficient margins from the Adjacent Channel Leakage Ratio (ALR) requirements for the outermost carrier. Thus we believe that with reasonable DPD and PA combinations, in which the closed-in characteristics of the signal would not be significantly degraded, the unwanted emission mask and ACLR requirements considering the channel bandwidth of the outermost carrier (including 1.4 MHz and 3 MHz options) can be met for multi-carrier BS (including CA) without additional frequency offset from the channel edge of the outermost carrier. Therefore, we recommend RAN4 to adopt the proposal in [9-11]:

BS with multi-channel bandwidths: Unwanted emission requirements considering the channel bandwidth operating at the edge of the BS transmitter operating band should be applied.

4.
Conclusions
In this paper, we have provided the simulation results to show that for BS with multi-channel bandwidths (including CA), the unwanted emission requirements considering the channel bandwidth of the outermost carrier (including 1.4 MHz and 3 MHz options) can be met without additional frequency offset from the channel edge of the outermost carrier. Thus we recommend RAN4 to adopt the proposal:


BS with multi-channel bandwidths: Unwanted emission requirements considering the channel bandwidth operating at the edge of the BS transmitter operating band should be applied.
Below we provide a text proposal to record the recommendation in the TR 36.833-1-27.
5.
Text proposal
<Start of text proposal>
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<New section>

8.1.4 Unwanted emission requirements in TS 36.104 and TS 36.141
The simulation results in [4, 5] have shown that for BS with multi-channel bandwidths (including CA), the unwanted emission requirements considering the channel bandwidth of the outermost carrier (including 1.4 MHz and 3 MHz options) can be met without additional frequency offset from the channel edge of the outermost carrier. Thus the following proposal should be adopted:


BS with multi-channel bandwidths: Unwanted emission requirements considering the channel bandwidth operating at the edge of the BS transmitter operating band should be applied.
The only change which is required to apply the above proposal in TS 36.104 and TS 36.141 is to remove the following statement in ‘Annex F (Informative): Unwanted emission requirements for multi-carrier BS’ of TS 36.104 and ‘Annex J (Informative): Unwanted emission requirements for multi-carrier BS’ of TS 36.141:


All scenarios for channel bandwidths of the outermost carrier less than 5 MHz are for further study. 

<End of text proposal>
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