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1. Introduction

RAN4 has previously agreed in TR 36.807 to adopt allocation ratio as the metric for determining the MPR backoff required for non-contiguous allocations in for UL CA for bandwidth class C [1] and has discussed possibly extending this approach to single-carrier bandwidth class A multi-cluster transmission. It was previously pointed out that this MPR mask leads to large backoffs and potential loss in UL spectral efficiency and/or VoIP capacity [7]. A method to incorporate other masks such as the one based on gap ratio into MPR computation was proposed in [5]. In this contribution, further simulation results are provided corresponding to non-contiguous PUSCH transmission and the backoff reduction due to this approach is quantified.
2. Summary of the proposal in [5]
In [5][7], it was pointed out that using a MPR mask that is a piece-wise linear function of just one parameter (i.e., allocation ratio, A [1]) can lead to over-dimensioning of the allowed MPR. In other words, a larger MPR than what is necessary is allowed by the specification potentially leading to uplink inefficiencies. To address this problem, the following modification was proposed in [5]:
Proposal 1: Specify 
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 is a piece-wise linear MPR mask applicable to variable 
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is the balance ratio.

3. Using multiple MPR masks - simulation results
The benefit of using multiple MPR masks for single-carrier simultaneous PUCCH + PUSCH (especially in ensuring that the VoIP capacity degradation is minimal) was shown in [7]. In this contribution, we present simulation results for non-contiguous PUSCH. Two main differences in the simulations carried out were:

i. The output of a single DFT block is mapped to two non-contiguous clusters for PUSCH + PUSCH as opposed to PUCCH + PUSCH where only the PUSCH data undergoes DFT precoding. 

ii. The allocation ratio was held constant in [7] for PUCCH + PUSCH while for PUSCH + PUSCH, both the allocation sizes and the separation between the two PUSCH clusters were varied.  

The PA model (which corresponds to a WCDMA 5 MHz PA) in [6] was used. Results for a Band 13 LTE PA were also obtained but these results are not presented in this contribution. The polynomial expansion provided for AM-AM and AM-PM responses in [6] were used. The input is scaled so as to obtain the target output power assuming a 4 dB post-PA loss (e.g., the target output power is 26 dBm for a transmit power of 22 dBm). Some additional simulation assumptions are described in Appendix A.
Figure 1 shows a scatterplot of MPR for different allocation ratios together with the MPR mask as adopted in TR 36.807. There is a significant fraction of allocations for which the required MPR is larger than the allowed mask. Figure 2 shows a scatterplot of MPR for different gap ratios together with the MPR mask (the piecewise linear mask was extracted from TR 36.807). 

For a given uplink allocation, excess backoff is defined as the difference between the MPR allowed by a particular backoff rule and the MPR actually required to meet emissions requirements. Therefore, if there are two MPR backoff rules, and if the first MPR backoff rule results in a MPR backoff that is nowhere greater than that due to the second rule, the second MPR backoff rule is dominated by the first MPR backoff rule. We consider 3 MPR backoff rules:

Rule 1: MPR allowed by the allocation ration metric as per TR 36.807

Rule 2: MPR allowed is given by 
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Rule 3: MPR allowed is given by 
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where G is the gap ratio and E is the edge ratio [2].

Figure 3 shows the CDF of excess backoff for the three rules. Clearly, Rule 1 is dominated by Rule 2 and Rule 3. For meeting ACLR and OOB emissions requirements, it appears that including the edge ratio additionally as given in Rule 3 does not provide an advantage over Rule 2. For Rule 2, the excess backoff is reduced by at least 0.7 dB for 10% of the allocations and by at least 1.5 dB for 5% of the allocations.  
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Figure 1. MPR for different allocation ratios A
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Figure 2. MPR for different gap ratios G
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Figure 3. Excess backoff CDF for rule 1, rule 2 and rule 3
4. Discussion
Specifying the MPR allowed as a function both allocation ratio and gap ratio does not result in UE complexity increase as the MPR is determined by two known piecewise linear functions (Rule 2):
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As shown in [7], over-specification of MPR for >85% of simultaneous PUCCH+PUSCH allocations can be avoided by utilizing the gap ratio in addition to the allocation ratio in the MPR specification. This can potentially translate into VoIP capacity that is not too severely degraded relative to Rel-8 when simultaneous PUCCH+PUSCH is enabled.  One can potentially use different subframes sets for VoIP PUSCH and periodic PUCCH (e.g., CQI) but, this results in additional scheduler restrictions and is particularly constraining for certain TDD configurations. Since a large fraction of UEs in medium to large cells (> 1 km cell radius with 2GHz or higher carrier frequency) transmit above 20 dBm (e.g., >20% users for 1.7 km ISD, and >40% users for 3 km ISD), a large allowed MPR might mean that:
1. significant degradation in data throughput and/or VoIP capacity will occur
2. alternatively, if one tries to avoid configuring simultaneous PUCCH/PUSCH and non-contiguous PUSCH, there will be a large population of UEs that will not be able to make use of this feature.

Using the gap ratio in addition to the allocation ratio will result in a substantial reduction of excess backoff for non-contiguous PUSCH and thus mitigate the reduction in spectral efficiency gains due to MPR. As there do not appear to be any negative consequences to this approach, it is proposed that Rule 2 be adopted in TR 36.807 for the single-carrier non-contiguous transmission case. 
Proposal: MPR for single-carrier non-contiguous transmission is given by  
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5. Conclusions

In this contribution, simulation results of MPR for non-contiguous PUSCH were provided. It was shown that using gap ratio mask in combination with the allocation ratio mask results in substantial reduction in excess backoff. It was shown previously in [7] that using this approach is also beneficial in ensuring that the degradation in VoIP capacity due to simultaneous PUCCH + PUSCH is minimized. It is proposed that RAN4 adopt the following in the specification work for single-carrier non-contiguous transmission.
Proposal: MPR for single-carrier non-contiguous transmission is given by  
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7. Appendix A – Simulation assumptions
The following were assumed for modeling the UL transmit chain:
· Modulator IQ gain imbalance of 0.62 dB, phase mismatch of 2.5 degrees

· DC offset: -28 dBc

· PA biased such that a 20 MHz allocation at 22 dBm (i.e., MPR = 1 dB) meets UTRA ACLR1 limit

· PA model for a 5 MHz WCDMA PA based on [6] 

· An in-band emission constraint was not modeled in these simulations.
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