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1
Introduction

Various solutions to overcome the UE testing problem while maintain remarkable gain from clustered allocation have been discussed in [1]. It was identified that emission level could be limited either by RAN1 or RAN4 standard.   In RAN1 standard it is possible to either design resource allocation scheme in such that out-band emissions are limited or modify the PC equation in such that the available Tx Power is set depending on cluster position in frequency.  In RAN4 standard the emission level could be limited by standardized relationship between MPR and frequency separation between the clusters.

In this contribution we will further discuss on the feasibility of those methods to find a solution which is doable in Rel10 timeframe. It is shown in [1] that output back-off needed to satisfied spectrum emission requirement is depending on the PRB specific frequency location.  This results in challenges on setting the requirements for the UE.  On the other hand, if the UE transmission power is defined based on the worst case locations of the clusters, it has significant impact to the performance gain of non-contiguous transmission. This would imply that the performance gain of clustered allocation is significantly reduced, as shown in [2-6].  
We discuss various solutions to overcome the UE testing problem while maintain remarkable gain from clustered allocation. In [7], it has been proposed to modify the PC equation in such that transmission power spectral density is autonomously reduced depending on the relation between allocation size and separation between clusters.  It is also discussed possibility to specify additional MPR value respecting e.g. typical and worst case location of the clusters. We also present some preliminary simulation results in order to demonstrate the out-band emission behaviour with various cluster locations in frequency.

2
Discussion
It is discussed in [7], that it would be preferable that clustered allocation is specified in such that both out-band and in-band emissions retain same level than with localized PUSCH transmission.  According our understanding, if both out-band and in-band emissions are retained to same level than with Rel-8, the gain from clustered allocation may be rather limited because the maximum UE transmission power may be closed to worst case in the most of clusters locations in frequency.   Therefore, also the clustered allocation design, which retain out-band emission while allowing relaxed in-band emissions should also be considered in order to get more notable gain form clustered  allocation.  We note that  in-band interference can be controlled by the eNode B as it is mainly contributed by the high power UE’s located closed to the Node B.
The Figure 1 in APPENDIX shows preliminary results regarding to UE back-off due to out-band emission.  It can be shown (e.g., based on Figure 1) that the biggest factor impacting the required back-off needed to satisfied out-band-emission mask and spurious limit is the frequency separation between the clusters.  Thus, by limiting the separation between clusters, the out-band emission low enough may obtained.  Two possibilities to guarantee out-band emissions in RAN1 standard exist:
Option a:

· The first option is design resource allocation scheme in such that it retain out-band emission at pre-determined level.   According preliminary results in Figures 1 and 2, this can be achieved using a resource allocation scheme that is designed such that it keeps the frequency separation between the clusters within a predetermined maximum value.  One additional benefit of this approach is that it allows reducing the size of clustered RA. 
Option b: 

· The second possibility would be to modify the PC equation [7] in such that the available Tx Power is autonomously reduced depending on cluster position on the frequency. This option does not provide any saving in terms of size of clustered RA. 
One benefit from Option a is more compact resource allocation. This may enable e.g. use of same DCI size for both continuous and non-continuous resource allocations. The drawback of Option a is that a scheduling gain on frequency may be reduced due to limited number of allocations. 
It is also possible to solve the out-band emission problem completely in RAN4. This can be made by standardized relationship between MPR and frequency separation between the clusters. This relationship can be defined in the specification and can be tested by UE conformance tests.  One approach is to tabulate the relationship, for example, according to Table 1, below, in which K, L, M and N are pre-defined values.  One exemplary parameterization reflecting the relationship between back-off (or MPR) and the separation between two clusters based on results shown in Figure 1 is to define those parameters as: K = 0.5 dB, L = 1 dB, M = 3.5 dB, N = 5 dB.  In this case no RAN1 standardization effort is needed.   
Table 1 Example of MPR definition as function separation between clustres
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3. Summary
In this contribution we have discussed various solutions to overcome emission problem with clustered transmission. We recommended that at least out-band emissions needs to control by the standard in order to maintain remarkable gain from clustered allocation.  We have identified that emission level could be limited either by RAN1 or RAN4 standard.   In RAN1 standard it is possible to either design resource allocation scheme in such that out-band emissions are limited or modify the PC equation in such that the available Tx Power is set depending on cluster position in frequency.  In RAN4 standard the emission level could be limited by standardized relationship between MPR and frequency separation between the clusters.
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Appendix

Figure 1 shows the required UE back-off due to out-band emission as function separation between clusters for various offset from band edge. Simulation assumptions were as follows

· 2 PUSCH clusters of 5 RBs are considered for this case
· PUSCH clusters are allocated at various positions in a 20 MHz bandwidth
· Starting position of first cluster from band edge is varied between from 0 to 40 PRB’s

· Cluster separation is varied between 5-80 PRB’s

· Required back-off to satisfy out-band spectrum emission mask  and spurious emission limits are obtained  (in-band emission mask is not included)

Figure 2 shows the required UE back-off due to out-band emission as function of clusters width 

· The 2 PUSCH clusters are left and right aligned such that there is maximum separation between the clusters
· The allocation such that all possible combinations of clusters  widths are studied
· Required back-off to satisfy out-band spectrum emission mask  and spurious emission limits are obtained  (in-band emission mask is not included)
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Figure 1. The required UE back-off due to out-band emission as function separation between clusters for various offset from band edge
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Figure � SEQ Figure \* ARABIC �2�. The required UE back-off due to out-band emission as function of clusters width








