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1. Introduction

This contribution presents some considerations regarding the relevance of the “ISSL” concept for E-UTRA.
2. Discussion
Contribution [1] introduced the concept of “ISSL”:
(…), we propose to introduce a new measurement ISSL (In-band Sub-carrier Set Leakage) which covers the leakage towards other users within the supported regulatory BW.

ISSL can be defined as the power ratio between any used sub-carrier set and any non-used sub-carrier set within regulatory BW supported by the UE (See figure 2).
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Figure 2. ISSL definition

Hence, ISSL is essentially defined as power ratio from regions of the signal’s PSD, similar to the ACLR concept in UTRA. The corresponding power measurements could e.g. be performed with spectrum analyser functionality on the E-UTRA signal at the antenna connector. The proposal in [1] was to use ISSL for defining UE, but not BS, TX requirements.
However, in [2] the following is stated for the DL ISSL in the context of spectrum shaping of the BS TX signal:
The reason why windowing is preferred over time-domain filtering is complexity but also advantages windowing brings for In-band Sub-carrier Leakage (ISSL). Filtering shapes only the overall spectrum but does not improve ISSL whereas windowing shapes the spectrum and improves ISSL. This is due to the fact that the windowed sub-carrier transfer function in frequency-domain decays faster than that one without windowing.
We believe that this statement is misleading in several ways:
1) If one would like to measure the DL in-band same-cell interference across an unoccupied RB, then the OFDM processing (CP removal, FFT) should be taken into account, as all same-cell victim receivers can be assumed DL synchronised.  I.o.w, one should not perform an ISSL measurement in the above sense, but measure the EVM
 across the unoccupied RB. 

Now the EVM will be significantly lower than the spectral leakage by virtue of OFDM with CP and FDE: subcarriers are orthogonal
 to each other, even in the presence of linear distortion e.g. due to TX FIR filters, MP channel, etc.
Fig. 1 illustrates this for the 5 MHz E-UTRA unclipped DL signal according to the parameters in [3], in which RB#2 is left unoccupied. Fig. 1 shows the PSD across the unallocated RB#2 when using 59-tap FIR filtering (blue) and 18-sample overlap windowing (red) for spectrum shaping. This would be the picture when measuring the PSD of the unclipped signal at the antenna connector with a spectrum analyser. The ISSL with FIR is clearly > -30 dBc and with windowing somewhat lower. 
However, the EVM measured across RB#2 is in both cases < -55 dBc relative to the occupied RB power, i.e. the “ISSL” measured in the constellation domain (after FFT/FDE) is much lower than above “time-domain” ISSL and contains only insignificant ISI from TX filters.
Hence, as far as same-cell “in-band interference” is concerned, due to the fundamental OFDM signal orthogonality it is irrelevant whether FIR or time domain windowing is used for spectral shaping.

2) However, it must not be forgotten, that the actual signal will also include TX noise due to clipping and other RF impairments. Fig.2 shows the PSD for 18-sample overlap windowing before (red) and after (blue) clipper/PD-PA for 8 % EVM on the occupied RBs. The clipper structure was similar to the “circulated” one described in 25.814, Sect. 9.2.1.4.2. with 2 stages. 
Clearly, the clipping noise dominates and is likely to be even higher if TR-type of PAPR reduction techniques would have been used instead. Hence, also regards unsynchronised other-cell “in-band interference it is practically irrelevant whether FIR or windowing is used as the unclipped BB signal will be “swamped” by the RF impairments.
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Fig. 1. PSD across unallocated RB#2 for 59-tap FIR filtering (blue) and 18-sample overlap windowing (red)
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Fig. 2. PSD for 18-sample overlap windowing before (red) and after (blue) clipper/PD-PA for 8% EVM
3. Conclusions

This contribution discussed some aspects regarding the relevance of the “ISSL” concept for E-UTRA TX requirements. 
Due to the inherent orthogonality of RBs in OFDM with CP and FDE, a “time-domain” ISSL as proposed in [1] makes not much sense. In-band interference on unoccupied RBs should be defined in the constellation domain (after FFT/FDE) which makes it essentially an EVM measurement, see [4]. We believe this observation applies for both DL and UL, as any “time-domain” ISSL measurement on the UE would also be heavily distorted by the orthogonal (and thus inconsequential) sinc() responses across unoccupied RUs, see also [5].
We therefore propose not to use the ISSL concept as proposed in [1] for any further work on TX requirements. If some concepts for in-band interference are desired for the UE, then these should be based on appropriate EVM measurements as suggested in [5].
We have also shown that regards DL “in-band interference” it makes no difference which methods for BS spectrum shaping are used. 
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� See the proposal in [4] for defining DL E-UTRA EVM


� Ignoring other RF imperfections and assuming no ISI
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