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1. Introduction

Key parameters related to the variable channel bandwidth property of the E-UTRA physical layer are summarized in Tables 7.1.1-1 / 9.1.1-1of TR 25.814. Some of these parameters (e.g. “Transmission BW”, “Number of occupied sub-carriers”) are strongly related to E-UTRA deployment scenarios and their associated RF performance requirements (e.g. Out-of-band (OOB) emissions requirements, regulatory emission limits, etc.). These parameters are therefore under discussion in both RAN WG1 and WG4 as can be seen from corresponding LS activities [1] and related company contributions such as e.g. [3,4,5,6,7]. 
Currently there may be an understanding that the number of occupied sub-carriers used for each E-UTRA RF channel bandwidth must be explicitly specified as part of the physical layer attributes. However, we think this is neither necessary, nor the best way of developing E-UTRA specifications jointly in RAN WG1 and WG4. Therefore this contribution presents some considerations on how to best define the variable channel bandwidth property of E-UTRA from the physical layer perspective independently of potential E-UTRA deployment scenarios in order to obtain flexible and future proof specifications.
2. Discussion
Ultimately, the appropriate relationship between # of occupied sub-carriers for each E-UTRA RF channel bandwidth will be determined by RF related requirements such as
· E-UTRA and adjacent system’s frequency raster (see e.g. [8,9])

· OOB requirements, both from a regulatory and a RF co-existence point of view. There is no agreement in RAN4 yet which concept will be used for defining OOB emission limits. The current status of the discussions in RAN4 regarding “Out-of-band emission” is summarized in [10]. It is pointed out in ‎[10] that Out-of-band emissions for E-UTRA do not necessarily have to be specified as a spectrum mask, neither does it have to be identical to the UTRA mask. What is seen important is that assurance is provided for co-existence, through ACLR, spectrum mask or other limits on Out-of-band emissions. Related RF system simulation work is ongoing within RAN WG4.
An example for the involved complexities in matching the # of occupied sub-carriers with the E-UTRA RF channel bandwidth was presented in [2,4]. In [2] it was shown that a RF BW of 1.25 MHz is not necessarily meaningful from the perspective of uncoordinated deployment adjacent to GSM and that another RF BW, e.g. 1.4 MHz may be more appropriate for the definition of the RF requirements. Identifying suitable (# of RBs, RF BW) pairings for GSM co-existence / re-farming scenarios will require further effort in RAN4.
During the continuous development of E-UTRA specifications there is a possibility that additional frequency bands and related RF deployment scenarios need to be supported, which may lead to requirements which are not adequately covered by the current SI numerology in TR 25.814. 
In order to be able to progress the work efficiently within RAN WG1 and WG4, it is therefore highly desirable to develop the E-UTRA physical specifications within RAN WG1 generically and independently from RF deployment scenario related parameters such as the # of occupied sub-carriers (RBs). We believe that this is possible and the following sections provide some analysis how this could be achieved.
2.1 Parametrizing the E-UTRA variable bandwidth property within the physical layer specifications
We propose that the physical layer of E-UTRA is specified in the manner as shown in Figure 1.  As already agreed in  RAN1, a spectrum allocation contains as certain number of resource blocks in the frequency domain (RB), N2, where each resource block contains 12 sub-carriers equivalent to a bandwidth of 180 kHz per.  
Essentially, E-UTRA can be described as a variable channel bandwidth system, with a minimum operating bandwidth of N0 resource blocks and a maximum operating bandwidth of N1 resource blocks at the resolution of 1 resource block.  The values of N0 and N1 needs to be defined in the physical layer specification, and for this we propose N0 = 6, and N1 = 100. 
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Figure 1. Describing the variable channel bandwidth property of E-UTRA

The physical channels of E-UTRA are mapped to either one of the following two channel types:

· Channel Type 1: a narrowband channel, operating at the fixed value N0, in all E-UTRA networks in order to make cell search as easy as possible. This is according to the already agreed bandwidth for the synchronization channel. Additionally, at least the value of N2 needs to be communicated in this narrowband channel.
· Channel Type 2: a wideband channel, operating at a variable N2, where N0<= N2 <=N1. The value of N2 may change from network to network, or even within one network. However, only a limited set of values for N2 together with a corresponding RF BW and associated RF requirements will be supported by the RAN WG4 specifications.
A fourth parameter is needed to specify the maximum bandwidth supported by the UE, Nmax. According to the RAN1 agreement Nmax = 50. For values N2 > Nmax special care must be taken to make sure that these UEs are able to operate in system bandwidths larger than Nmax. One example is what has been known as the “20 MHz problem” in cell search. Other considerations include making sure that UEs with Nmax < N2 are able to generate the sub-frame structures without having to increase its sampling rate. 
2.2 Defining the related numerology
There are several ways of defining the OFDM/SC-FDMA signal. In TR 25.214 the numerologies are defined using FFT-sizes and sampling frequencies. However, these parameters are strictly not normative and are an issue of implementation. Other ways of specifying the signal generation could be using other fixed parameters like the 15 kHz subcarrier spacing, 0.5 ms sub-frame duration and # of symbols/sub-frame. Exactly how to specify the transmitted signal does anyway require some thinking, but we do not see it as a problem to specifying this for a larger set of N2. 
2.3 Need to define spectrum shaping

As was shown in [2] there is no need to standardise the E-UTRA spectrum shaping, as in OFDM/FDE based systems there is no need to match the RX filtering to the detailed characteristics of the TX filters (or time domain windowing). 
Naturally it is important that the spectrum shaping meets a number of OOB emission requirements to ensure RF compatibility with adjacent systems and compliance with regulatory requirements. However, the details of the spectrum shaping method would not need to be directly specified, but could be indirectly captured by OOB and related RF requirements to be defined in RAN WG4 for the selected values of N2. Again we believe this helps to decouple RAN WG1 from WG4 specification work.
3. Conclusions

This contribution presented a proposal how to describe the variable channel bandwidth property of E-UTRA in such a way that the exact number of occupied sub-carriers at each RF operating bandwidth does not need to be explicitly defined in the physical layer specification.  This is done by defining parameters for the minimum bandwidth, N0, the maximum bandwidth, N1 and the operating bandwidth N2.
This allows to develop the E-UTRA physical specifications within RAN WG1 generically and independently from RF deployment scenario related parameters and to progress the work efficiently within RAN WG1 and WG4 with minimum overlap.
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