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1 Introduction
The LTE 2UL non-contiguous carrier aggregation (CA) WI was approved to include the UE and BS core requirements for non-contiguous (NC) intra-band 2UL CA [1]. In [2], the UE unwanted emission requirements were discussed, which include the definitions of spectrum emission mask, Adjacent Channel Leakage Ratio (ACLR) and spurious emission. In [3], it was proposed that C-ACLR (Cumulative ACLR) should be used inside the gap. 
In this contribution, we discuss two options of how to define the ACLR requirements for 2UL NC intra-band CA.
2 ACLR for NC intra-band CA
For simplicity, we consider only the scenarios where there are only two sub-blocks within a frequency band, with one carrier for each sub-block. Therefore, the terms sub-block and component carrier are used inter-changeably in the following. 

We assume that the in-gap ACLR is defined only if the gap is wide enough to accommodate the adjacent channel between sub-blocks and also guarantee the frequency offset from either sub-block no smaller than specified in Rel-8. This assumption is consistent with the ACLR definitions in [2] and [3].
Depending on whether the filtered mean power centered on the two assigned channel frequencies is summed or not, we can consider two options of how to define the ACLR requirements for NC intra-band CA, as illustrated in Figure 1.


Figure 1. Transmission channel arrangements for ACLR definition (e.g. UTRA ACLR 1).

Option 1 defines the ACLR on a per sub-block basis. In other words, the ACLR is defined as the ratio of the filtered mean power centered on each assigned channel frequency to the filtered mean power centered on an adjacent channel frequency. This is consistent with the ACLR definition in [2]. It can be explained as follows:
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Option 2 defines the ACLR based on the combined measured power of both sub-blocks. In other words, the ACLR is defined as the ratio of the sum of the filtered mean power centered on both assigned channel frequencies to the filtered mean power centered on an adjacent channel frequency. Similar to option#1, we can describe the option#2 as shown below:
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The difference from the C-ACLR proposed in [3] is that the same principle is also applied outside the gap. Note that C-ACLR is also used on the BS side, as specified in TS 36.104.
From the perspective of unwanted emission level, Option 1 is more conservative, since it generally leads to less emission than Option 2. However, with Option 1, it is practically (almost) impossible to satisfy the ACLR requirements, if there is a huge power difference between two sub-blocks, for example, 100 RBs and 1 RB with equal PSD, as depicted in [2]. For the reason, it was proposed that full resource allocation should be assumed for both sub-blocks. On the other hands, with Option 2, it is possible to meet the ACLR requirements without having to assume full resource allocation, since the ACLR is defined with respect to the sum of the mean power centered on the channel frequencies of both sub-blocks. 
To verify the above arguments, we present the simulation results in Table 1 and compare the unwanted emission requirements for both options. We assume one 20 MHz carrier and one 5 MHz carrier, with equal PSD across two carriers. The single-PA single-antenna transmitter architecture [4] is assumed. The PA operating point was set to satisfy the unwanted emission requirements with an MPR of 1dB (for QPSK and full resource allocation). The modulator is assumed to have IQ image of 25 dB, carrier leakage of 25 dB and counter IM3 of 60 dB. For each option, the required power backoff and the corresponding gating factor are evaluated with respect to different sub-block gaps (5 MHz, 10 MHz and 20 MHz) and different resource allocations (100RB + 25 RB and 100RB + 1RB). Note that, for Option 1, the ACLR requirements inside the gap are ignored, as suggested in [2].
With the fully allocated 5 MHz carrier (i.e., 25 RBs), the spurious emission is the gating factor and the corresponding power backoff remains moderate (e.g., 3 dB), regardless of the ACLR definition. On the other hand, with the minimally allocated 5 MHz carrier (i.e., 1 RB), the UTRA ACLR1/2 may be the gating factor when the sub-block gap is small and/or the ACLR is defined based on Option 1. More importantly, the required power backoff is much larger for Option 1 than for Option 2, although the in-gap ACLR is ignored for Option 1. The reason is that the adjacent channel leakage from the 20 MHz carrier interferes with the adjacent channel of the 5 MHz carrier outside the gap significantly. Thus, in order to avoid unnecessarily large power backoff, we agree to the full resource allocation assumptions for Option 1. However, this implies that there are no ACLR requirements in the case of partial resource allcation. We are reluctant to accept this risky assumption, before we are convinced that the unwanted emission level for NC intra-band CA would still remain below the acceptable level, regardless of the resource allocation. On the other hand, with Option 2, the spurious emission is the gating factor, except when the sub-block gap is small (i.e., 5 MHz) and the resulting power backoff remains relatively small, without having to assume full resource allocation, as opposed to Option 1. Therefore, we slightly prefer Option 2 for the ACLR definition.
	Sub-block Gap
	Resource Allocation
	ACLR
	Backoff
	Gating Factor

	MHz
	RB
	dB
	dB
	Unwanted Emiss.
	Adjacent to

	5
	100 + 25
	Option 1
	3.4
	Spurious emission
	

	
	
	Option 2
	
	
	

	
	100 + 1
	Option 1
	12.2
	UTRA ACLR 1
	Sub-block 2

	
	
	Option 2
	1.1
	UTRA ACLR 2
	Sub-block 1

	10
	100 + 25
	Option 1
	3.2
	Spurious emission
	

	
	
	Option 2
	
	
	

	
	100 + 1
	Option 1
	6.7
	UTRA ACLR 1
	Sub-block 2

	
	
	Option 2
	3.2
	Spurious emission
	

	20
	100 + 25
	Option 1
	3.1
	Spurious emission
	

	
	
	Option 2
	
	
	

	
	100 + 1
	Option 1
	3.4
	UTRA ACLR 1
	Sub-block 2

	
	
	Option 2
	1.6
	Spurious emission
	


 Table 1. Unwanted emission requirements for NC intra-band CA (20 MHz + 5 MHz).

Figure 2 compares the unwanted emission level between NC intra-band CA and single carrier transmission. Assuming the same transmit power (22 dBm), there is almost no emission level difference from the single carrier transmission. Therefore, it does not make sense to demand much less emission around the 5 MHz carrier for NC intra-band CA than for single carrier transmission. This justifies the rationale behind Option 2, i.e., the use of C-ACLR (inside the gap as well as outside the gap). 
[image: image3.png]PSD [dBm / 1 MHz]

30

20

=)
T

—— 100 RB only
—100+1 RB

i
-20 0 20
Frequency [MHz]

40

60

80

100




Figure 2. Unwanted emission comparision between NC intran-band CA (20 MHz + 5 MHz) and single carrier transmission (20 MHz).
3 Summary
In this contribution, we discussed two options of how to define the ACLR requirements for NC intra-band CA: per-sub-block based ACLR (Option 1) and C-ACLR (Option 2). The simulation results show that Option 1 may result in unreasonably large power backoff with partial resource allocation, thereby necessitating the full resource allocation assumption. However, Option 2 tends to lead to moderate power backoff for partial resource allocation. Hence, although Option 1 leads to more stringent emission requirements, we slightly prefer Option 2 for the ACLR definition for NC intra-band CA, since Option 2 is generally applicable (irrespective of resource allocation). However, we are still open to Option 1 (and any other options) and encourage RAN4 to join the discussion.
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