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1. Introduction
2UL intra-band non-contiguous CA has been discussed in RAN4 for several meetings now. The WI is proposed in [1] and later updated in [2]. 
As part of this WI, MPR studies have been done extensively in Ran4 for 2Ul NC-CA and an agreement has been made in RAN4#70bis. In this contribution, we present system capacity results for 2UL NC-CA and compare that with single-carrier UL system in terms of applied power backoff.
2. Discussion

2.1
MPR proposals

As part of the studies in this WI, a number of contributions related to MPR issues of 2UL NC-CA has been presented, e.g. [4], [5], [6], [7], [8]. The proposed MPR is 18dB at worst case allocation and around 8-10dB for average allocation. Moreover, it was found out that the MPR is band dependant, as shown in [6] that the required MPR for band 41 is 3dB higher than the ones proposed in [4] and [5].

A way forward has been agreed in RAN4#70bis in [9]. A few proposals have been agreed upon:

Proposal 1: REL-12 non-contiguous intraband WI will only define MPR for uplink allocations when the WGAP ≤ 42.2 MHz

Proposal 2: For those E-UTRA bands where maximum possible WGAP ≤ 42.2 MHz there will be only one MPR formula
Proposal 3: MPR definition for non-contiguous uplink intraband CA is applicable to all E-UTRA bands when the WGAP ≤ 42.2 MHz.

Proposal 4: For those E-UTRA bands where maximum possible WGAP ≤ 42.2 CA non-contiguous uplink intraband MPR definition is

MPR = CEIL {MN, 0.5}

Where MA is defined as follows 
MN= -0.125 NRB_alloc + 18.25

; 2 ≤ N ≤ 50

-0.0333 NRB_alloc + 13.67



; 50 < N ≤ 200

Where NRB_alloc is the number of allocated resource blocks.
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Figure 1 MPR proposals for 2UL intra-band NC-CA
The Nokia proposal (the black curve in Figure 1) is the agreed MPR formula as mentioned in the 4th proposal in [9].
2.2
Evaluations for 3GPP case1 deployment scenario

In this section, we would like to present UL system capacity evaluations for single carrier and 2UL NC-CA transmissions when such large MPR is used in the real scenario.

We denote following three systems in all the figures below:

1. Single carrier UL transmission with full power: SC Tx
2. Two aggregated CCs with full power: NC-CA, FP
3. Two aggregated CCs with power backoff as in MPR proposal: NC-CA, MPR, xdB
In all the NC-CA cases, we consider 2UL CCs with 20MHz of bandwidth each. The UL allocation is full, i.e. all 200RBs are allocated to the UE. Since we have two CCs, we have total transmit power on CC as 20dBm. For SC TX, we have two CCs at the eNB, however any UE is able to access only one CC.
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Figure 2 UL user throughput for case1 (ISD=500m)

We present the UL user throughput results in Figure 2. We have used three different backoff values for the dual UL NC CA transmission, e.g. 15dB, 10dB and 8dB. As seen from the user throughput results, for power limited cases, single Tx transmitter in UL provides higher user throughput compared to the cases when power back off is applied. 
	Scheme
	Loss in bitrate w.r.t. NC-CA transmission with full power

	
	at 20% cdf
	at 50% cdf

	2UL NC-CA with 8dB power backoff 
	~42.8%
	~13.33%

	2UL NC-CA with 10dB power backoff
	~57.1%
	~20.2%

	2UL NC-CA with 15dB power backoff
	~78.6%
	~33%


Table 1 Loss seen at different NC-CA schemes with respect to single TX transmissions in user throughput
As it is seen from the Figure 2 and Table 1, with an 8dB backoff, the loss in UL throughput is huge for power limited users, i.e. around 42.8%. It is also seen that nearly 40% of the users are power limited, thus high backoff degrades the UL performance for those terminals.
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Figure 3 cdf of UL transmit power and assigned resources in RBs in case1 deployment
The cdf of resulting UL transmit power and UL resource allocation is shown in Figure 3. As seen here, the introduction of power backoff significantly increases power limited users in NC-CA system. Similar trend is seen in UL resource allocation results on the right hand side of the Figure 3.

In the following figures, we show the cell capacity results in terms of 5-percentile and 50-percentile for case1 deployment. As it seen for 5-percentile case, for low offered traffic at the cell, single Tx 1UL case provides higher user throughput compared to 2UL NC-CA with certain MPR levels. Moreover, the loss from NC-CA with full power case to MPR cases is very high. Similar conclusions are made in 50-percentile case also.
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Figure 4 5-percentile and 50-percentile cell capacity results in case1 deployment
2.3
Evaluations for 3GPP case3 deployment scenario 

 In this section we present similar results for 3GPP deployment case 3. In this deployment, the ISD is 1732meters. Thus, we have much more UL power limited users in this case. In case1, we have basically interference limited scenario. In case3 deployment scenario, UL power is a generic problem, with NC-CA, the power constraint is even higher by 3dB. We see that, with high backoff power, the resulting UL bitrate and user throughput is extremely low for power limited users. However, with NC-CA plus MPR case, the more than 80% users are power limited, which is really a difficult scenario to handle with.
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	Figure 5 UL transmit power and allocated UL resources in case3 deployment (i.e. ISD=1732m)
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Figure 6 5-percentile and 50-percentile cell capacity in case3 deployment (i.e. ISD=1732m)
3. Conclusion

In this contribution, we presented UL cell capacity for two 3GPP deployment cases; case1 which is interference limited scenario and case3 which is UE power limited case. We have compared the results with different power backoff and single UL transmission. It is concluded that UL power backoff of even 8dB and above are detrimental to UL capacity and degrades the total system performance heavily. This is a cause for concern, since application of such high MPRs will effectively reduce the usability of 2UL intra-band NC CA technique.
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