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1 Introduction

The in-band unwanted emission from a UE that does not occupy the full system bandwidth has been the discussed in several contributions to RAN4, e.g. [1-5]. The main concern is that the achievable SNR for users in adjacent resource blocks can be severely impaired by such unwanted emissions. This is especially true when signals from different UEs are received with significant difference in power. This difference can be mitigated with some form of open or closed loop power control, but due to measurement errors, constraints in transmitted power etc, the unwanted emissions will occasionally degrade the performance for users in adjacent resource blocks.

There seems to be a convergence towards a common understanding that the in-band unwanted emissions is not best measured looking at spectrum emissions only. This is also the reason why the term ISSL (In-band Sub-carrier Set Leakage) has been considered misleading [4]. Instead, some kind of measurement related to EVM is preferred. One example of this is outlined in [3]. Even though the term ISSL is slightly misleading, we will continue to use it throughout this contribution to denote the in-band unwanted emissions, in lack of a better concept.

2 Discussion
We believe that specification of the EVM of the wanted signal should be separated from the ISSL in the sense that there should be separate requirements on EVM and ISSL, even though the two entities are connected. The main reason is that they affect the system in two fundamentally different ways. The motivation for an EVM test is mainly to guarantee user link level performance at high throughput levels, whereas an ISSL test is targeting good “in-band co-existence” properties. Reasonable EVM levels for good link performance are discussed in [6].
One way of establishing acceptable ISSL levels was outlined in [7], where system level simulations were used to deduct the user and system throughput degradation at varying ISSL levels. The outcome of such investigations naturally depends on the used scenario, including cell planning, number of users, power control scheme etc. It also depends on how the ISSL is modeled. In [7], only a simple model with flat ISSL over the un-occupied RBs was used. Another approach would be to use a more physical model of the impairments that are the sources of both ISSL and the EVM of the wanted signal. It is indeed possible to model the relation between ISSL and EVM by looking at various sources of impairments in some more detail, though such a model will inevitably depend on the implementation and thus vary substantially between different UEs. 

If there would exist a unique mapping from EVM to ISSL, it would be possible to evaluate both system and link level properties and come up with one single EVM value that is acceptable. However, we do not think that such a mapping is easily agreed upon, since some impairments may affect the EVM and the ISSL in different ways. One such example is the IQ imbalance, which could be hidden in the own-signal EVM when the RB allocation is symmetric around the middle frequency of the band, but for asymmetric allocations, it could be a major contributor to intra-band interference for other users. Furthermore, there may be large variations between different UEs how the EVM level and the ISSL levels at different frequencies relate to each other, e.g. due to different PA characteristics etc. Thus, it is very unlikely that UEs from different manufacturers would have the same relation between the EVM and the ISSL on all adjacent RBs. 
It is desired that the EVM and ISSL requirements should be reasonably aligned in the sense that they have approximately the same impact on the size, complexity and cost of a transmitter that fulfils the requirements. Nevertheless, when deciding on what scenarios to use when deriving the EVM and ISSL requirements, it is important to formulate reasonable scenarios in order to achieve good link and system performance. As a result, it is possible that the EVM requirement becomes more difficult to achieve than the ISSL requirement, or vice versa.
3 ISSL test outline
In [3], an ISSL test setup was outlined, and a slightly modified version is presented here. A simplified sketch, illustrating the principle for this, is shown in Figure 1. 

[image: image1]
Figure 1 Simplified schematic illustrating ISSL based on error vectors on adjacent resource blocks.
The first n RBs are allocated to the device under test (DUT), whereas no signal is transmitted for all other RBs. Appropriate value(s) for n is to be agreed upon. In the test equipment receiver, the timing, frequency, etc, is optimized the same way as for an EVM test of the own signal. On the RBs allocated to the other users, it is now possible to measure an error signal after the IFFTs
. This error signal will be zero if the DUT is ideal, and non-zero otherwise. The ISSL can now be measured by relating the power of the error signal for the RBs allocated to other users, to the power of the desired signal. This procedure makes the ISSL measurement very close to an EVM measurement. However, as stated above, we believe it is important that these two requirements are separated.
As observed in [3], ISSL varies substantially over the frequency band. Especially, the number of un-allocated RBs with significant ISSL levels increases with the number of allocated RBs. However, the maximum ISSL level is about the same. One possible way forward would be to have two different requirements:

1. One test of the maximum ISSL over the un-allocated RBs, and

2. One test of the total EVM for all RBs, including both allocated and un-allocated ones.

Having only the first test could possibly give a too large total interference level in the cell if the system is filled with users occupying one single RB each, and having ISSL close to the maximum allowed for all un-allocated RBs. Having only the second type of test, it would be possible to have large emissions, intentional or unintentional, on a single un-allocated RB, thus severely compromising the performance for the user on that RB. 
4 Proposal

In this contribution we propose to use two different measures of the in-band unwanted emissions:
1. One test of maximum ISSL over the un-allocated RBs, and

2. One test of the total EVM for all RBs, including both allocated and un-allocated ones.

The number of allocated RBs to use in this test is FFS, but it is likely that only one setting is needed, e.g. 1/3 or 1/4 of the total available number of RBs. With reasonable levels of the conditions and the requirements, it is possible that the second test can replace a separate EVM test of the own signal when occupying all resource blocks, but that is also FFS.
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� Instead of looking at sent and received symbols in constellation domain, it is possible to instead use the signal after the Tx FFT, and before the Rx IFFT, as basis for the EVM and ISSL definitions.


� The reason for including also the allocated RBs is simplicity. This measure can be expected also to be fairly constant regardless of the number of allocated RBs. It will, apart from measurement differences, be equivalent to an own-signal EVM with full BW allocation. 





