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1. Introduction
RAN4 has recently agreed to MPR requirements for intra-band non-contiguous UL transmission for CA BW class C devices [1] where MPR is parameterized as a piece-wise linear function of one variable: the allocation ratio defined as the ratio of the total number of RBs allocated for transmission to the maximum number of UL RBs. In [5], some potential limitations of this approach were discussed. In this contribution, we provide simulation results that illustrate the issue.
2. Summary of the proposal in [5]
In [5], 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 UL 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. Simulation results
CA is designed for increasing DL/UL peak throughput. Therefore, full bandwidth non-contiguous allocations in the intra-band case (PUCCH+PUSCH or PUSCH+PUSCH) are typical. But, when a voice call is active with SPS-RNTI PUSCH grants in VoLTE, the allocation sizes are typically small (e.g., PUSCH allocation typically has 2-3 RBs). When simultaneous PUCCH+PUSCH is enabled during such a session, the total allocation ratio is typically small (e.g., A = (1+3)/100 = 0.04 for PUCCH with 1 RB and PUSCH with 3 RBs for a 20 MHz UL). As per [1], a MPR = 7.2 dB backoff is allowed (assuming MPR requirements similar to CA BW Class C/A are applicable to non-contiguous allocations for the non-CA case)  in subframes that carry SPS-RNTI PUSCH which could potentially lead to suboptimal UE implementations with reduced cell-edge coverage for voice sessions.   
In this contribution, we present simulation results for the simultaneous PUCCH + PUSCH (SPS-RNTI) case. We consider 1 RB for PUCCH and 3 RBs for PUSCH allocations in a 20 MHz UL. The allocation ratio A = 0.04 for this configuration. We simulated pseudo-randomly generated data sequences over all possible PUSCH allocations. Fig. 1 shows the probability mass function of MPR required and Fig. 2 shows the scatterplot of MPR versus gap ratio ([1][2]). Further details on the simulation assumptions used are provided in Appendix A. For an allocation ratio of 0.04, [1] allows an MPR of 7.2 dB. But, from the simulations for the simultaneous PUCCH+PUSCH case, 
· for > 50% of the allocations, no back off (i.e., MPR = 0 dB) is required, and
· for about 20% of the allocations, a 1 dB back off is sufficient.

Only for <15% of the allocations, an MPR in excess of 7 dB is necessary. For obtaining the requirements in [1], the MPR spread and the worst-case MPR were considered for each allocation ratio. The dependence of required MPR on other variables (such as the gap ratio) were considered in [2] but not adopted in the final specification.

Fig. 1 is consistent with the observations in [2] (see [2, Fig. 4]), where it was shown that for small allocation ratios (A < 0.2), a large number of allocations require only a small MPR (< 3 dB) although 7.2 dB MPR is required in the worst case.
In Fig. 2, the required MPR first increases as a function of the gap ratio G and then decreases. However, in [2, Fig. 5], the gap ratio mask was shown to be an increasing function of G. Our results are not inconsistent with [2] because, [2] considered different allocation ratios while we considered only a fixed allocation ratio A = 0.04 in our simulations.
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Figure 1 - Probability mass function of MPR
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Figure 2 - Required MPR vs. gap ratio (G) along with the mask from [1][2]

Table 1 – LTE UL Link Budget for 3GPP Case 3 D.S. (3 dB IoT, 320 bit payload for VoIP packet)
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VoIP - 12.2kbps (4TTI, 1RB, 4Tx) 802 12.1 20 24.0 142.6 0.85 98 64

VoIP - 12.2kbps (4TTI, 1RB, 4Tx) 1000 8.5 20 24.0 142.6 0.84 95 100

VoIP - 12.2kbps (4TTI, 1RB, 4Tx) 783 8.5 20 20.0 138.6 0.85 95 61

VoIP - 12.2kbps (4TTI, 1RB, 4Tx) 651 8.5 20 17.0 135.6 0.85 95 42

PUSCH - 6kbps (1TTI, 1RB, 1Tx) 1000 12.1 20 24.0 146.2 -8.8 98 100
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Typically, cell-edge UEs in medium to large cell deployments (> 1 km ISD @ 2GHz carrier frequency or higher) transmit close to the maximum transmit power and as a result need power back offs. In such deployments, a significant fraction of UEs in the network end up using large back offs (of up to 7.2 dB as allowed by [1]) when configured for VoIP transmission potentially leading to significant reduction in VoIP capacity.  This is  shown by the link budget in Table 1 where the 95%-ile cell coverage area for 12.2 kbps AMR VoIP (320 bit payload) drops from 100% to 61% for 4 dB MPR and to 42% for 7 dB MPR for the 3GPP Case 3 deployment scenario (note: Gant=14 dB and Pathloss=128.1+37.6log10(d_km) dB). Simple ways of mitigating this problem would be attractive as illustrated in the next section. 
4. Using multiple MPR masks

Multiple MPR masks can be jointly used to avoid over-specification of MPR as described in [5]. For the example considered in the previous section, the allowed MPR can be specified as follows instead of what is specified in [1]:
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With this modification, over-specification of MPR for >85% of simultaneous PUCCH+PUSCH allocations can be avoided (based on the plot in Fig. 1). This can potentially translate into VoIP capacity that is not too severely degraded relative to Rel-8 when simultaneous PUCCH+PUSCH is enabled. 
The problem highlighted in this contribution applies both to simultaneous PUCCH/PUSCH and to non-contiguous PUSCH. 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.

If one tries to avoid configuring simultaneous PUCCH/PUSCH and non-contiguous PUSCH transmissions, there will be a (a) large population of voice users with scheduler restrictions and (b) a large population of data users that are unable to benefit from the frequency-selective scheduling gains potentially obtainable from non-contiguous PUSCH transmissions.

5. Conclusions

In this contribution, we provided some simulation results to show that the currently adopted MPR mask leads to over-specification of power back off potentially leading to VoIP capacity degradation in VoLTE deployments. We provided a simple approach that can potentially mitigate this problem.
6. References

[1] TR 36.807, E-UTRA User Equipment (UE) radio transmission and reception, Rel-10, v 1.4.0.

[2] R4-110955, MPR for LTE multi cluster transmission, Nokia, Renesas Electronics Europe.
[3] R4-111788, MPR for multi-cluster and non-contiguous multi-carrier UL allocation, Qualcomm Incorporated.
[4] R4-112089, MPR for non-contiguous transmission, Ericsson, ST-Ericsson.
[5] R4-113752, Comments on MPR for non-contiguous allocations, Motorola Mobility.
[6] R4-082544, Improved Reference Power Amplifier Model for UE Transmitter Simulations (Revised), Freescale.
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] (LTE PA’s will be considered in future work)

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