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1 Introduction
The LTE advanced carrier aggregation (CA) enhancement WI was approved to include the definition of generic framework for UE and BS core requirements for 2UL non-contiguous (NC) intra-band CA in [1] and later revised in [2]. 
In our previous contribution [7], we present our results for low Wgap values, e.g. below 30MHz and only equal PSD case. In this contribution, we update the simulation results and discuss how to define the MPR for 2UL NC intra-band CA.
2 Discussions on MPR formula for 2UL intra-band non-contiguous CA

In general terms, MPR definitions should be reasonable enough such that large backoff is not required. If very large backoff is required, then the cell coverage becomes very small, thus the feature may become unusable.  
2.1 MPR definitions based on Wgap
All the MPR definitions in UE specification TS 36.101 are defined for different total UL RB allocations for both single-carrier LTE and inter-band CA. For intra-band contiguous CA, similar definitions were agreed which varies according to total UL RB allocation. 

For intra-band non-contiguous CA, it is observed that the subblock, Wgap, has a significant impact on resulting MPR, as it seen from contributions from different companies. According to [7], MPR of around 12.5dB is required in worst case when Wgap of around 30MHz is considered. The contributions, [4] and [5], proposed maximum MPR of around 18dB when 60 MHz of Wgap is considered (with a maximum of 75MHz passband). Even higher MPR is required for very large Wgap, e.g. ~150MHz in Band 41, the required MPR is in the order of ~21dB as shown in [6].
The Wgap depends on spectrum allocations of the operators in different markets, and it is fixed. Thus, when an operator has low Wgap in their deployment, then it is not reasonable to have such a high MPR which is generic and which can cover all cases. Moreover, such large MPR requirement may make the feayture unusable. Thus, we propose the following:

Proposal-1: Define MPR for different Wgap values, e.g. define MPR for intra-band NC CA for at least 3 subblck gap values, e.g. a low, medium and high Wgap values. The exact values of these subblock gaps are FFS.
2.2 Different MPR definitions for equal PSD and non-equal PSD NC CA transmissions
The intra-band non-contiguous CA is envisioned for both co-located and non-co-located deployments (i.e. inter-node NC CA). This may be of primary importance in some key deployment scenarios, e.g., one carrier is towards a macro base station and the other carrier is towards a radio remote head (RRH). In this case, there may be significant difference in path loss between carriers, which in turn causes significant difference in PSD between carriers. We believe that the MPR should cover all the deployment cases including non-colocated UL NC CA. Moreover, we can even see PSD difference between channels in collocated scenario. For example, the UE with PUSCH on one carrier and PUCCH on the other carrier may have different PSD between carriers. Also, the path loss difference between two non-colocated cells may cause the PSD difference. 
Thus, depending on the UL power control towards two nodes, there will also be the case of different PSD across the CCs. In our opinion, up to 20dB of PSD difference can be seen. Thus, we propose the following:

Proposal-2: Define different MPR formula considering the PSD difference if we foresee non-negligible PSD difference in the deployment scenarios. 
3 Simulation assumptions
We consider only the scenarios where there are only two NC carriers within a frequency band. Therefore, the terms sub-block and component carrier are used inter-changeably in the following. 

The transmitter impairments assumed in the simulations are summarized as follows:
· PA operating point: UTRA_ACLR1 satisfied at the output power of 22 dBm with a fully allocated 20 MHz carrier modulated by QPSK.

· Counter IM3: 60 dBc

· IQ image: 25 dBc

· Carrier leakage: 25 dBc
In addition, the CA configuration assumed in the simultaiotns is summarized as follows:
· Carrier bandwidth: 5 MHz + 5 MHz, 20 MHz + 5 MHz, 20 MHz + 20 MHz.

· Gap width: 5 MHz and 20 MHz
· Single-cluster only

For each combination of carrier bandwidth and gap width (e.g., 5 MHz + 5 MHz with 5 MHz gap), more than 500 resource allocations are randomly chosen. For each resource allocation, the minimum power backoff that requires the unwanted emission requirements is evaluated. Only a single cluster is assumed for each carrier. Since 16QAM generally requires slightly larger MPR than QPSK, we only assume 16QAM as the modulation. 

4 MPR definition for equal PSD case
Based on the simulation results, the required MPR is derived as a function of total number of resource blocks (RBs), as suggested in [3]. This helps to simplify the MPR rule, e.g., since the required MPR can be independent of the carrier bandwidth and gap width in general.

In this section, we only consider equal PSD across both CCs case, which is explained in Section 3.

Assuming equal PSD between carriers, the MPR rule is derived as follows:
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Figure 1. MPR with equal PSD and max 20MHz Wgap.

MPR simulations results are shown in Figure 1 for the case when equal PSD is assumed for both CCs. For the purpose of comparison, we also plot the MPR proposals from [4] and [5]. As seen from the figure, the MPR proposal is much lower compared to the proposals in [4] and [5]. There are quite large differences in larger RB allocations. One possible reason could be that, we have considered lower Wgap values in our simulations compared to [4] and [5]. It is noted earlier that the MPR is larger for larger Wgap values. 
5 MPR definition for non-co-located NC CA

In contrast to the MPR simulations in Section 4 and also in [4] and [5], here we consider the case when two carriers experience non-zero power spectral density (PSD) difference. 

Assuming unequal PSD between carriers, the MPR rule is derived as follows:
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 is the total number of RBs allocated to the two carriers. 

Compared to the MPR rule with equal PSD, this MPR rule requires about 1 dB higher MPR at small to medium resource allocation. This implies that the PSD difference should be considered when MPR requirements are defined, if we foresee non-negligible PSD difference in the deployment scenarios. For example as mentioned earlier, the UE with PUSCH on one carrier and PUCCH on the other carrier may have different PSD between carriers. Also, the path loss difference between two non-colocated cells may cause the PSD difference. 
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Figure 2. MPR with 5 dB PSD difference and max 20MHz Wgap.
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Figure 3. MPR with 10 dB PSD difference and max 20MHz Wgap.

[image: image14.emf]0 20 40 60 80 100 120 140 160 180 200

0

2

4

6

8

10

12

14

16

18

Number of RBs

PA backoff (dB)

MPR results for intra-band NC CA, max 20MHz Wgap, PSD diffrence = 20dB

 

 

Nokia R4-134798, maxWgap=65MHz

QC R4-136244, maxWgap=65MHz

E/// equal PSD, maxWgap=20MHz

E/// unequal PSD, maxWgap=20MHz


Figure 4. MPR with 20 dB PSD difference and max 20MHz Wgap.
6 Conclusion
In this contribution, we provide MPR simulation results with equal PSD and different PSD deployment case. Our results are valid for maximum Wgap of 20MHz. Besides, we have compared our results with available MPR proposals from other companies.
We will provide more MPR simulation results in the coming meeting, where larger Wgap values (i.e. larger than 40MHz) and multi-cluster UL transmission will be considered. Both equal PSD and unequal PSD cases will be considered for larger Wgap cases. 
We propose the following regarding MPR definitions for 2UL intra-band NC CA: 

Proposal-1: Define MPR for different Wgap values, e.g. define MPR for intra-band NC CA for at least 3 subblck gap values, e.g. a low, medium and high Wgap values. The exact values of these subblock gaps are FFS.

Proposal-2: Define different MPR formula considering the PSD difference if we foresee non-negligible PSD difference in the deployment scenarios. 
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