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1. Introduction

In the LS [1] RAN WG1 asks RAN WG4 to indicate the effectiveness of different techniques that can be used (e.g. windowing, pulse or spectrum shaping, reduction in power per subcarrier ... etc) in meeting the UTRA spectral mask and other out of band emission requirements and their impact on the number of occupied subcarriers.
From the above it is not quite clear whether RAN1 intends to standardise the E-UTRA BS spectrum shaping methods as part of the physical layer specifications or if spectrum containment is intended to be captured by suitable RF performance requirements to be developed by RAN4 (e.g. spectrum mask, occupied bandwidth, etc).
This contribution presents some considerations regarding this aspect.
2. Discussion
Based on the results presented in [2,3,5] it appears that time-domain windowing is unsuitable to deal with stringent OOB requirements and FIR filtering is clearly the preferred approach. For some of the studied cases (1.25 and 2.5 MHz E-UTRA), even when consuming the whole or large parts of the CP, the signal PSD shaped with time-domain windowing came not even near in fulfilling the assumed SEMs. Therefore, for E-UTRA BW options below 5 MHz, it is difficult to see how FIR filtering could be avoided, unless large reductions in spectral occupancy/efficiency are to be accepted as proposed  in [7] (e.g. reduction to only 67.5 % spectral occupancy for 1.6 MHz E-UTRA).
These findings are ultimately a reflection of the stringent OOB requirements characteristic for land mobile systems, which are in contrast to the more lenient OOB requirements of other wireless OFDM systems designed for operation in (higher) frequency bands with relaxed regulatory requirements.

With FIR filtering the time dispersion of the signal can be better controlled compared to windowing at the expense of somewhat increased complexity of the digital BB parts of the TX chain. It also appears that with a FIR-filter based spectrum shaping approach there are more parameters available to control the OOB in the desired way and to perform trade-offs with regard to filter length vs. CP consumption (ISI, EVM). The windowing functions on the other hand need to fulfil additional criteria (i.e. Nyquist condition, windowing overlap < CP duration) and appear less flexible in this respect. It has also been shown in [6], that windowing does not offer any benefits regarding “in-band” interference.
Assuming a FIR filtering approach is utilized for spectrum shaping, it is our understanding that in an OFDM system there is no need to match the RX filtering to the detailed characteristics of the TX filters. Neither do BB receiver algorithms need to be aware of the exact TX filter CIR for synchronisation. Typically, the energy of the composite CIR should be centred within the CP in order to minimise ISI, but this does not require knowledge of the number or the values of the IR coefficients. Likewise, requirements for channel estimation algorithms will be dominated by the characteristics of the multipath channel and not by the (insignificant) contribution from TX filters.
Naturally it is important that the BS TX meets a number of OOB emission requirements to ensure RF compatibility with adjacent systems and compliance with regulatory requirements. However, the details of the BS FIR spectrum shaping method would not need to be directly specified, but could be indirectly captured by OOB and related RF requirements. This would allow optimisation of the TX spectrum shaping method according to the deployment scenario and BS implementation.
Also regarding the EVM, it was shown in [3] that it is possible to define the EVM in a natural way so that the details of the TX filtering do not need to be known at the UE, nor that it would add to the EVM seen at the UE. This was due to the fact that the per-subcarrier amplitude/phase correction (i.e. FDE) in the UE naturally compensates for an even unknown TX filter response.  
Aside from the OOB emission requirements as such, contribution [2], Table 1, identified also a number of BS implementation related parameters in the area of BB-RF performance partitioning which would need to be agreed first if one attempts to standardise the E-UTRA BS spectrum shaping, e.g. 
· limits (margins) for unclipped BB signal relative to OOB emission requirements
· BS maximum TX power

· EVM target for unclipped BB signal

· Passband ripple
· CP consumption
· FIR length (processing requirements)
· Assumptions about spectral characteristics of clipping noise
· Etc.
Furthermore it may happen that E-UTRA will be eventually deployed in ways not exactly covered by RF performance specifications, e.g. E-UTRA adjacent to a narrow-band system with reduced frequency separation. This could require further optimisation of the OOB and thus “tuning” of spectrum shaping by the BS vendor.

3. Conclusions

This contribution discussed some aspects regarding specification of E-UTRA BS spectrum shaping methods.

We propose not to standardise the E-UTRA BS spectrum shaping methods as part of the physical layer specifications but instead to capture spectrum containment via suitable RF performance requirements to be developed by RAN4 (e.g. spectrum mask, occupied bandwidth, etc).

If however, the intention is to standardise the E-UTRA BS spectrum shaping methods, then the rationale and trade-offs for doing so should be identified and discussed first. 
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