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1 Introduction
For Rel-10 component carriers (CC), RAN1#55bis agreed to add

· control-data decoupling (simultaneous PUCCH and PUSCH transmission) supported in addition to TDM-type multiplexing
· non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)
on top of Rel-8 operation. That the non-contiguous transmission within a CC carrier will violate spectrum masks and spurious emissions has been shown in numerous contributions from many companies during the LTE feasibility study. However, these emission problems can be solved by UE power back-off: the question is by how much and what is the impact on the user- and system performance?

There are several scenarios that can be envisioned, e.g.

· flexibility of PUSCH data-scheduling if the allocations are small compared to the maximum transmission configuration;
· flexibility for enhanced CSI reporting allowing simultaneous PUCCH and PUSCH.

By and large, the benefits of scheduling small non-contiguous PUSCH appear evident for users far out in a cell where the possibilities to schedule large blocks of data are limited. The increased (average) user-performance for these should then results in an increased system capacity and spectral efficiency. However, the far-out region is also that in which a necessary back-off will limit the coverage for this non-contiguous allocation. Hence the back-off needed to satisfy emission limits (the regulatory in particular) should be properly accounted for in system simulations for assessing the gains of the non-contiguous transmission. 
Another aspect is the control-data decoupling that can allow a more flexible UE reporting mechanism, and with power scaling one of the transmissions may be prioritized. However, the balance in terms of transmitted power-spectral density can not be too skew, for then the uplink detection performance of the weaker may not be sufficient given that a certain back-off of the total power is needed. 

In this contribution we take a first look at the emission spectra resulting from various amount of power scaling of non-contiguous transmissions for different A-MPR with system impacts in mind. The required back-off (QPSK) for the composite is of the order of 3-5 dB in our examples, which amounts to a reduction of the cell range of up to 30% assuming a macro-cellular scenario (users in up to half of the cell area with the usual hexagonal deployment normally assumed). However, this is a very rough estimation and RAN1 should be supplied with appropriate back-off numbers for their further specification work. Back-off does have an impact but this does not mean that all benefits of non-contiguous transmissions are lost. We only analyze one single Rel-10 CC throughout, and start by looking at the counter-IM3.
2 MPR to meet emission requirements and the counter-IM3
From a specification standpoint, adding non-contiguous transmission will increase the degrees of freedom and make specification work more complex but an assessment of the basic performance within an operator allocation can always be made by using the existing requirements. However, regulatory requirements on unwanted emissions have to be satisfied and this will necessitate additional test cases.
The need for back-off to meet unwanted emission requirements has been demonstrated by many: extensive results are presented in e.g. [1] and [2]. Here we just pick up the thread on the importance of the Counter IM3 (CIM3) in relation to non-contiguous transmissions. 

Preliminary results with a CIM3 varying in the range of -60 to -50 dBc indicates that this effect is only secondary, the primary being the 3rd order intermodulation between the non-contiguous transmission. The CIM3 arise from a weak non-linearity on the IQ branches of a mixer, we find (see [3] for details and notation)
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the CIM3 is the last term (does not depend on the image rejection to the first order). Using two input signals we have
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and doing a similar exercise we would find the two input signals (linear term) and a number of smaller contributions. Intermodulation between the inputs is the said primary effect, while the smaller contributions produce smaller peaks that will form a forest of emission products at the PA output – but attenuated compared to the primary. 
3 In-band emissions with the required MPR

Suppose then we have to make a certain back-off to satisfy the unwanted emission limits outside a carrier or operator block. What is the resulting impact on the performance within the network?
We take the in-band emissions as one example. The in-band requirement for contiguous transmission was derived keeping VoIP capacity in mind with a view to allow many simultaneous connections (system capacity). Non-contiguous transmission will produce more IQ image components that will obviously violate the current in-band mask. Figure 1 shows the in-band emissions for a 5 dB back-off of the total power and a 2 x 1 RB asymmetric PUSCH allocation (note the peaks are wider due to the 1 MHz resolution). The in-band emissions relative to the allocated non-contiguous blocks increase beyond those of Rel-8 despite the power back-off of 5 dB (we barely meet the mask). However, system simulations are needed to assess the impact of increased in-band emissions, possibly followed by a specification of a more complex in-band mask tat account for more IQ image components. 
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Figure 1: in-band emission with 5 dB back-off of the total power.
4 Power scaling

Next we consider power scaling: the scenario could be signaling on PUCCH while transmitting data on a 1 PRB PUSCH allocation.  Figure 2 shows the emissions with no back-off (MPR = 0 dB) for different power balance between a prioritized PUCCH and a PUSCH transmission. We have removed the LO and image components to make the plot clearer, the primary effect is still there, but a -50 dBc CIM3 component is always present. We note that the required power imbalance in this case amounts to 25 dB: this full-power case represents a cell-edge scenario in a noise-limited case, the attenuated PUSCH would most likely not be received at the base station. The difference in transmitter power-spectral density is large.
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Figure 2: non-contiguous PUSCH with no back-off.
We then have to make a further back-off to reduce the required unbalance to increase the chances that PUSCH would be received, but the range will obviously be smaller since the total power decrease. Figure 3 shows the results with a 2 dB 
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Figure 3: non-contiguous PUSCH with 2 dB back-off.
back-off: the required power difference between PUCCH and PUSCH in order to meet the unwanted emission requirement is now about 10 dB. Further increasing the back-off to 4 dB we obtain the results in Figure 4, the power difference is now down to some 5-10 dB and we have significantly increased our chances to receive the PUSCH.
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Figure 4: non-contiguous PUSCH with 4 dB back-off.
Hence we need 4-5 dB backoff to achieve a reasonable power balance between the PUCCH and the PUSCH transmission. The 4 dB power back-off would amount to a 25% reduction of the range (roughly by assuming a path loss exponent of 3.2), so this non-contiguous transmission is limited to users closer to the base station where larger allocations are possible in any case. But there may still be benefits, we note that most high-capacity scenarios are almost always interference-limited, in which the UE output power is reduced (emissions can still be a problem depending on the UE implementation). 
5 Band 13 and Public Safety

A more specific scenario for simultaneous PUCCH and PUSCH or two PUSCH is Band 13 with its stringent spurious emission of -57 dBm/6.25 kHz in the neighbouring Public Safety band. The allowed back-off profile specified in TS 36.101 is shown below.  
Table 6.2.4-2: A-MPR for “NS07”

	 
	Region A
	Region B
	Region C

	RB_start1
	0 - 12
	13 – 18
	19 – 42
	43 – 49

	L_CRB2 [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	 A-MPR [dB]
	8
	12
	12
	6
	3

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation
3               For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

4               For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.
  


Now, suppose we have a PUSCH transmission in Region C with the allowed 3 dB A-MPR, which is needed not to violate the said spurious emission limit. Then it is not possible to transmit another part of the PUSCH in Region A without violating the spurious emission limit even if the maximum 8 dB back-off is applied. However, if the simultaneous allocations are suitably restricted non-contiguous transmissions could still be possible: consider a PUCCH located at RB_start = 13 PRB. Then a power-reduced PUSCH could be scheduled simultaneously within Region B without creating a strong intermodulation product in the Public Safety band. Details are FFS (but some results in [1])!
6 Proposal
The back-off required to meet unwanted emission limits will have an impact on the system capacity gains achievable by non-contiguous transmissions. The brief analysis above illustrates some of the areas amongst several where further study could be motivated. Our deliberations on the system impacts above are far too rough and limited to draw any conclusions on the benefits of non-contiguous transmission and data-control decoupling in live networks. To this end, we propose to inform RAN1 on the required back-off and some of the implications thereof so that an assessment can be made of whether or not due account of these implications has been taken in e.g. their system simulations. 
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