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1
Introduction

One of issues addressed in the RAN1 LS [1] for Rel-13 MTC is the “Maximum power level of new power class”.  There is an agreed LS response to RAN1 in last RAN4 meeting [2].  However, there is no agreement on the issue of introduction of a new power class with lower maximum UE Tx power.  
The general discussion in last RAN4 meeting was focused on the introduction of 20dBm power class.  The major concern on 20dBm comes from potential network impact based on the offline discussion.
This paper addresses this 20dBm power class issue and provides an analysis on the network impact.

2
Impact of 20dBm power class UE
In our previous study [3], it was indicated that there is network impact when a lower UE power class is introduced.  Copied from our previous contribution [3], the reduction in capacity for different maximum UE transmit power is shown in the table, based on [4] with data model in [5].  In the analysis, we assumed that all UE in the network are low power class UE.  For example, for the 20dBm UE Tx power in the table, all UE in the network has their maximum Tx power of 20dBm.  Another assumption in the study was based on the legacy LTE deployment without consideration of Rel-13 coverage enhancement techniques.

Table 1    Normalized system-level capacity -- 1000 bits/5 mins [4]

	Maximum UE Tx Pwr (dBm)
	3GPP Case 1
	3GPP Case 3

	23
	1.00
	1.00

	20
	0.99
	0.55

	17
	0.96
	0.26

	14
	0.87
	0.12


Based on these assumptions, the analysis shown in Table 1 indicates that there is network performance impact for Het-net scenario (3GPP Case 3) for 20dBm UE.  The impact in macro-cell scenario (3GPP Case 1) is insignificant.  Note that this result is based on legacy LTE without consideration of Rel-13 new coverage enhancement techniques.
The detailed uplink performance for the 20dBm MTC UE can be shown in Figure 1.  The results shown in Figure 1 are based on MCL limit of 155.7dB, which is corresponding to 15dB coverage enhancement.  Besides, 4dB implementation margin is included.  The results would be better if the implementation margin is better than 4dB.  From Figure 1, the throughput impact depends on the fraction of 20dBM MTC UE in the network.   For 3GPP case 1, there is almost no impact.  The maximum impact happens for 3GPP case 3 (het-net) with 100% penetration of 20dBm MTC UE in the network.
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Figure 1    Throughput impact of 20dBm MTC: MCL=155.7dB
If the maximum MCL level is 140.7dB, the 20dBm MTC UE impact is shown in Figure 2.
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Figure 2    Throughput impact of 20dBm MTC: MCL=140.7dB
Figure 2 indicates that the 20dBm impact is much smaller than that in Figure 1 with MCL=155.7dB.  If there is no support of coverage enhancement in the cell, the degradation is smaller.
From these results, we can observe that:
1. The introduction of 20dBm UE has almost no impact for Case 1, as indicated in Figure 1.

2. If we don't support coverage enhancement in the cell, as shown in Figure 2, the network performance degradation is smaller.

3. Since the network will usually have a mixture of 20/23 dBm UEs, the degradation may be small depending on the fraction of 20dBm UE in the system.  For example, as shown in Figure 1 with 15dB coverage enhancement, if there are 30% of 20dBm in the system, the UL capacity will lose 20%.  Besides, the MTC capacity is very high.  For this data traffic, we support > 10e5 MTC devices per PRB.  Even if we lose some capacity due to 20dBm UE, there is no significant impact to overall system capacity.
4. The results would be better with smaller implementation margin (with better receiver at the eNB).  
5. RAN1 is working on improving performance in coverage enhancement, so results will be better with techniques such as multi-subframe channel estimation and frequency hopping.
Please be noted that 100% MTC traffic is assumed in our analysis.  If the MTC traffic is only a small portion in the LTE network, the overall impact of 20dBm will be even smaller.
Based on above analysis, we can conclude that there will be no substantial capacity loss with the introduction of 20dBm UE power class.
3
Conclusion
This paper provides analysis on network impact for introduction of 20dBm UE power class to Rel-13 LTE.  From our analysis, it can be concluded that there is no substantial capacity loss with the introduction of 20dBm UE power class.  

Observation: There is no substantial capacity loss with the introduction of 20dBm UE power class.
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