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1. Introduction

In Release 8, the uplink SC-FDMA waveform is constrained to be single-carrier such that its frequency support is continuous.  For Release 10, RAN1 has introduced additional flexibility in the uplink waveform by allowing the waveform to have distributed frequency support so that the waveform is no longer constrained to be continuous in the frequency domain.  There are three mechanisms by which this may happen
1. Simultaneous PUSCH and PUCCH transmission,
2. Clustered SC-FDMA waveform, and

3. Uplink carrier aggregation.
In these cases, the uplink waveform may have a frequency allocation distributed over one or more aggegated carriers with resolution as small as a single RB.  In this contribution, for the sake of simplicity in this initial analysis, we focus on the first two mechanisms and only consider the single carrier case; that is, we are not considering carrier aggregation scenarios in this contribution.  It should be noted, however, that uplink carrier aggregation configurations implemented with a single RF chain may display similar characteristics as described here.  The approach followed in this contribution is to highlight limitations which may exist with worst case distributed allocations possibly requiring output power backoff, restrictions on the extent of the allocation, or some other means to contain spectrum emissions.  We also explore specific examples where increased attention must be paid to emissions due to special coexistence requirements or self desense for example.  Finally, we provide our perspective on the impact and feasibility of distributed allocations to an LTE-A network deployment.
The intent of this contribution is not to provide finalized specifications, but rather to provide initial analysis to better understand the scope of the problem and to provide ideas on how requirements might be established.
2. Discussion

A number of concerns related to distributed allocations in the form of simultaneous PUSCH and PUCCH were raised in [1].  The clustered SC-FDMA waveform can also produce distributed allocations leading to the same issues as discussed in [2], [3], and [4].  In this contribution, we address the topic of distributed allocations without specific regard to their source; i.e., whether the allocation arises from simultaneous PUSCH and PUCCH or whether it arises from clustered SC-FDMA.  The problem is similar.  Furthermore, for the sake of simplicity, we limit the discussion to single-carrier uplink waveforms in this contribution.  Distributed allocations differ from continuous allocations with regard to how transmitter power is spread or concentrated in the frequency domain.  With a distributed allocation, the transmitter power can be concentrated into a small number of discrete spectral regions with frequency support as narrow as one RB in each region.  Of course, with a continuous allocation, it is also possible to concentrate power into a single RB; however, the difference with a distributed allocation is that the power may be concentrated into two or more spectral regions, each of single RB width, which are widely separated in frequency.  These highly concentrated narrowband allocations lead to spurious intermodulation products as a result of the nonlinearities present in the transmitter RF chain.  Naturally, the same transmitter RF chain will also generate intermodulation products and emissions from a continuous allocation waveform, but the difference with the distributed allocation waveform is in the location and the power spectral density of these unwanted emissions.  To a lesser extent, the power level of these emissions resulting from the distributed allocation may also be higher due to the increased peak-to-average power ratio of the distributed allocation waveform.

2.1. Spectrum Emission Mask and Spurious Emissions
In [3] and [4], it is shown that distributed allocations can violate transmitter emissions requirements; in particular, the spectrum emission mask (SEM) or the spurious emissions has been found to be the dominant failure for the worst case of two narrowband allocations separated widely in frequency.  At maximum transmission power with two narrowband allocations at the edge of the channel bandwidth, the IM component can fail the spectrum emission mask.  Thus, two widely spread narrowband allocations is regarded as the worst case scenario.  For wider allocations or for allocations which are not so sparse, the power level of the IM component will be lower and therefore less likely to fail SEM or spurious emissions.  Additionally, for allocations spaced more closely together in frequency, the extent of the IM component will be less, falling where the spectrum emission mask is higher.  This again leads to a lower likelihood of failure.  Therefore, one simplistic method of analysis is to consider the worst case and to define limitations to address this worst case.  In [3] and [4], it was suggested that SEM and spurious emissions could be met in the worst case scenario by limiting the transmitter output power to 19 dBm for 2x20 MHz 16QAM or 18.6 dB for 5x20 MHz 16QAM.  Figure 8 from [3] and figure 6 from [4] have been duplicated here for convenience.  Although these results are for multi-carrier configurations, it is anticipated that the result will be similar for single carrier configurations as well.  To generalize these results for a specification requirement, additional margin is added to allow for production tolerances, extreme conditions, etc.  
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The results indicate that providing an MPR of approximately [6] dB for distributed allocations may be one simplistic way to allow SEM and spurious emissions limits to be met.  Following the same method used in Release 8, it may also be possible to allow a smaller MPR when only QPSK modulated waveforms are present and for allocations whose frequency extent is constrained.  Further reduction of MPR may also be possible by factoring in other considerations such as the number of clusters, minimum size of cluster, location of cluster, etc., but would require careful attention to keep the amount of work and analysis to define the requirements manageable.  In many practical cases, the required PA backoff may be much smaller the MPR that is required in the worst case described here.  For examples and further details, see [7].
2.2. Self-Desense

Another issue caused by distributed allocations for FDD deployments is that of self-desense.  This issue also exists for continuous allocations and has been addressed in Release 8 by reducing the uplink configuration.  Reducing the uplink configuration increases the separation between Tx and Rx so that among other things, only higher order intermodulation products with lower power are able to extend into the Rx band.  Combined with the duplexer isolation, the power level of the intermodulation products reaching the demodulator are small enough to be benign.  In fact, in [6] an empirical formulation is applied in computing the uplink configuration specifically for the purpose of ensuring that sufficient separation exists.  A similar principle can be applied to distributed allocations.  Again, the worst case situation exists with two narrowband allocations widely separated in frequency.  By limiting the extent over which the allocation is distributed, the intermodulation products which are able to extend to the Rx band are limited to the higher order terms.  Of course, the power spectral density of the Tx noise is higher when coming from a distributed allocation compared to a continuous allocation, but it is expected that the total power of the noise falling into the Rx band is commensurate though perhaps slightly larger.  However, the slight increase in total noise power due to the distributed allocation can be mitigated by the MPR which was provided to meet SEM and spurious as described in the previous section.  Thus, one way to address the issue of self-desense is to follow the Release 8 procedure, but extend it to distributed allocations by construing the uplink configuration as a limitation to the extent to which an allocation can be provided.  Therefore, for distributed allocations the limitation is not on the number of RB’s, but on the frequency span over which all RB’s must be allocated.
2.3. Coexistence

In addition to the general spurious emissions requirement addressed in Section 2.1 above, there are band-specific coexistence requirements.  The coexistence requirements are generally 20dB more stringent than the general spurious emissions requirements, but the separation from the UL band edge to the victim band may be much larger as well.  Thus, the straightforward way to analyze the coexistence requirements is band-by-band.  Another way is to identify the worst case coexistence scenario and apply the result of the analysis of the worst case to all other cases.  A danger exists that any coexistence analysis performed with existing bands today would not reflect bands that may be defined in the future.  We provide a rough analysis of some of the more difficult coexistence scenarios below.  In some of these cases, the existing MPR allowed above in section 2.1 in conjunction with the available duplexer attenuation may be sufficient to meet the coexistence requirements.  In other cases, additional MPR may be required.

	Coexistence Scenario
	UL to Protected band separation
	Emissions Limit
	Intermodulation order
	Duplexer attenuation
	Required MPR

	Band 1 to Band 3
	40 MHz
	-50 dBm/MHz
	7
	10 dB
	TBD

	Band 13 to Band 14
	9 MHz
	-50 dBm/MHz
	5
	30 dB
	TBD

	Band 2 to Band 2
	20 MHz
	-50 dBm/MHz
	5
	40 dB
	TBD

	Band 8 to Band 8
	10 MHz
	-50 dBm/MHz
	5
	40 dB
	TBD

	Band 13 to PS
	2 MHz
	-35 dBm/6.25 kHz
	3
	None
	TBD


2.4. Special Cases
Finally, there are special cases which require individualized attention.  These have been treated in the Release 8 specification by “NS_xx” signaling to identify that additional emissions requirements above and beyond the general requirements must be met and to indicate that A-MPR may be available.  In particular, the NS_07 condition for Band 13, NS_05 condition for Band 1, NS_08 for Band 19, and NS_09 for Band 21 are susceptible to increased power spectral density of distributed allocations.  Clearly, the NS_07 table for A-MPR in Release 8 is already quite complicated with A-MPR values ranging from 0 to 12 dB depending on the location and size of the uplink allocation.  Such an intricate definition of A-MPR is required because of the reach of intermodulation and other noise components from the transmitter, and the proximity of the public safety band which requires protection.  For distributed allocations, the reach of the intermodulation products can be similarly constrained by limitations on the size of the uplink allocation.  In this case, however, it is not the number of RB’s (L_CRB) which needs to be constrained, but rather the extent of the allocation in a similar manner to what is proposed for limiting the uplink configuration for reference sensitivity.
The NS_05 condition for Band 1 is similar.  In this case, a guardband has been defined of at least a channel bandwidth so that only intermodulation products above 3rd order will reach the victim band.  For a fully populated continuous allocation, this ensures that ACLR1 does not reach the victim band.  Similarly, this same guardband ensures that for the worst case distributed allocation, IM3 components do not reach the victim band.  Nonetheless, higher order intermodulation products can still be sufficiently strong to violate NS_05 emissions requirements, so that additional A-MPR may be required.
NS_08 and NS_09 conditions pose similar challenges.

3. Operational Impact
In Section 2 of this contribution, we have evaluated what we feel to be the worst case distributed allocation, in order to be able to provide a simple MPR/A-MPR solution in a timely fashion.  While worst case analysis is certainly useful in setting performance requirements and is a valuable engineering tool, it is also important to be able to relate the worst case analysis to what can be reasonably expected in an actual deployment in the real world.  In this contribution, we have followed the general approach of providing MPR/A-MPR and/or limiting the extent of the uplink allocation.
1.  MPR and A-MPR.  From a network deployment perspective, MPR and A-MPR are generally undesirable since they limit the uplink coverage.  Thus, UE’s at the edge of cell coverage are most affected by the reduced uplink power.  However, for those UE’s which are in closer proximity to the eNB and therefore have margin in their link budgets, the reduction in output power may not be detrimental since they would have naturally reduced their transmission power to comply with power control in any case.  Furthermore, as opposed to restricting the allocation in some manner, reducing the UE’s output power still provides all of the RB scheduling flexibility to the eNB.

2. Narrowband Interference.  The worst case interference, upon which the analysis in this contribution has been performed, is when the uplink allocation is narrowband, since these allocations give rise to the highest power spectral densities.  However, the consequence of narrowband uplink allocations is that the intermodulation interference that is generated is also narrowband.  Specifically, the self-desense can be addressed not only by limiting the uplink frequency extent as proposed for the reference sensitivity test, but in practice, can be mitigated by thoughtful scheduling of downlink RB’s.  This would be particularly applicable when the downlink allocation size is small.
3. Fallback to SC-FDMA.  It is recognized that in some cases (i.e., NS_xx conditions), the limitations imposed by worst case distributed allocations may too severe for stable network operation.  In these cases, it may be advisable to revert back to SC-FDMA operation for those UE’s which are compromised.  With this ability to fall back when needed, the distributed allocations of Release 10 offer potential benefits to the network while at the same time, ensuring that coverage should be no worse than that afforded by Release 8.
4. Conclusion

In this contribution, we have addressed the topic of distributed allocations for LTE-A. For simplicity, we have restricted the analysis to single carrier and to uplink only, where unwanted spectral emissions are the predominant problem.  We have tried to follow the approach taken in Release 8 and keeping in mind the time frame for completion of the work item, we have tried to simplify where possible.  The general approach is to define the MPR required to meet the basic waveform requirements of ACLR, SEM, and spurious emissions in the worst case distributed allocation.  The worst case allocation is that of two narrowband single-RB allocations located at the extreme ends of the channel bandwidth.  It may also be possible to define less stringent MPR requirements if certain restrictions can be made on the size, location, and/or extent of the allocation.  In Release 8, for example, MPR is a function of the modulation type and the size of the allocation.  For reference sensitivity, Release 8 limits the size of the uplink configuration for those bands with narrow duplex separation.  Following the same reasoning, the uplink configuration can be limited for LTE-A distributed allocations as well but instead restricting the extent of the allocation rather than the size of the allocation.  Coexistence requirements also require consideration.  In some cases, the MPR provided in addition to the duplexer attenuation may be sufficient; in other cases, additional MPR may be required.  Finally, there are special cases, generally indicated by NS_xx conditions.  In these special cases, Release 8 generally offers A-MPR so that the UE can meet the emissions requirement.  A-MPR is likely to be required for the LTE-A waveforms as well.
In addition to discussing how the specification might be written to accommodate the distributed allocation waveforms of LTE-A under worst case conditions, we have also attempted to place this into the context of an actual deployment.  We have discussed when and how restrictions on the LTE-A waveform may affect network performance and provided thoughts on how these waveforms might be used most advantageously.
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