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1. Introduction

In the RAN1 LTE Ad Hoc meeting in Cannes the topic of E-UTRA numerology and out of band (OOB) emissions was discussed where it was proposed to reduce the number of active subcarriers from 301 to 289 in order to meet the downlink 5 MHz UTRA spectrum emissions mask (SEM).  In order to determine the need for the numerology change a Liaison statement was generated [1] by RAN WG1 to inquire whether WG4 could answer the following questions: 

1. Confirm, whether the current E-UTRA numerology given in TR25.814 is feasible 

2. Indicate the number of 15 kHz subcarriers that may be occupied on the downlink in an OFDM symbol in the 5 MHz spectrum allocation case such that the BS UTRA spectral masks defined in TS 25.104 may be satisfied 

3. Indicate the power per subcarrier that can be supported in order to meet the spectral mask for different modulation types

4. 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 sub-carriers.
While it is up to WG4 to respond to these questions it is possible to do some analysis and make some initial conclusions from a RAN WG1and WG4 perspective. Hence, this document is submitted to both WG1 and WG4 to progress the ongoing discussions 
2. Applicability of UTRA SEM and ACLR 

It can be said that ACLR requirements conditioned on coexistence studies should be evaluated and determined before a set of SEMs is chosen for the different LTE carrier bandwidth modes.  Also a change in numerology in one LTE carrier bandwidth (e.g. 1.25 MHz) to meet an emission requirement does not mean numerology changes are necessary for other LTE carrier bandwidths that can already meet emission requirements. 
3. Feasibility of E-UTRA numerology
In terms having many desirable properties the current numerology is a very good one as outlined in [2]. While the resource block size of 25 subcarriers is satisfactory and provides good granularity and suitable number of reference sequences it is possible to both reduce L1/L2 control overhead while also allowing for finer granularity for small packets and VoIP packets by using 15 subcarrier resource blocks and assigning them in pairs creating effective 30 subcarrier resource blocks for frequency domain scheduling purposes. The 15 subcarrier resource blocks can be allocated from paired RB allocations to support small packet services for persistently scheduled users.
4. Number of downlink 15 kHz subcarriers that can be occupied

Achieving ACLR requirements for coexistence will likely determine whether any changes in the number of occupied subcarriers is needed. Figure 1 below shows that reducing the number of occupied subcarriers from 301 to 289 improves UTRA ACLR1 by only about 0.5 dB for the given power amplifier (PA) output PSD example. Such an ACLR change is not large enough to solve a significant ACLR deficit problem..  In this example, whether 301 or 289 occupied subcarriers are used the UTRA ACLR1 and ACLR2 are met but the UTRA SEM is not met which indicates the need for a LTE specific SEM different from the UTRA SEM to better account for the differences in PSD shape due to modulation..
A better solution is to use ramping and filtering to address spectrum issues as well as other available techniques described in the next section.  
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Figure 1 – LTE output PA PSD for 241, 289, and 301 occupied subcarriers 
5. Effectiveness of different OOB emission techniques 

Various techniques, besides building a bigger more linear PA device, are available to minimize OOB emissions and help meet SEM and ACLR requirements.  These include (see Figure 2 below) time domain ramping, soft limiting, baseband filtering, and analogue filtering after the DAC followed by digital pre-distortion and band filtering.  The effectiveness of ramping and to some extent baseband filtering can be limited by the number of available samples in the Cyclic Prefix or guard interval (see Figure 3).  This would be more of a problem at small LTE carrier bandwidths like 1.25 MHz.  Meeting an EVM target must also be considered along with using any of the techniques.  
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Figure 2 – Transmitter functions that effect OOB emissions
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Figure 3 – Symbol ramping and impact on CP (guard interval)
6. Uplink OOB emissions and 90% Occupied bandwidth Acceptability
Since a UE can operate at a transmit power below the maximum rated PA device power level then it is typically possible to meet even stringent uplink OOB requirements or SEM.  The question is then by how much must the targeted maximum power level be reduced and what impact does it have on performance.  
As shown in [R1-061468] and [3] and below in Table 1 the power de-rating from 24 dBm needed to meet UTRA ACLR and EVM for QPSK only becomes non-zero (but still < 1 dB) when more than four resource blocks are allocated.  Typically, an optimized scheduler does not allocate more than one or two RBs to noise limited (cell edge) users since using all 12 RBs only incrementally improves payload size by a few bits. In fact from a link budget coverage perspective it is better to use fewer RBs in order to achieve higher power per subcarrier given there is little coding gain to be had from using more than two (25 subcarrier) RBs since the MCS selected will have an encoding rate close to the minimum code rate. 
Hence, uplink UTRA OOB emission requirements are achievable for the current LTE 90% occupied bandwidth numerology (see Figure 4).  For coexistence, the UL power control algorithm must be flexible enough and parameterized correctly to avoid creating too much interference in the adjacent UTRA carrier while maximizing UL LTE system performance.  One effective way to create more coexistence margin (i.e. reduce UTRA performance loss) is to map all control channel resources to the band edge RBs since a UE’s control resource will only be a fraction of a RB and hence have a much lower occupied bandwidth than multi-RB data assignments resulting in lower OOB emissions even with maximum transmit power.  It is also possible to allocate RBs for data transmissions with moderate to high power levels to RBs toward the center of the carrier band and away from the edge. Therefore, 90% bandwidth occupancy for a 5MHz LTE carrier is acceptable for the UL with even more margin provided by the techniques just discussed. 
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Figure 4 – LTE Uplink PA output PSD measurements meeting UTRA ACLR & SEM
Table 1 – Max PA Power Level vs. #RBs allocated
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7. Conclusions

UPLINK

It was shown that bandwidth occupancy of 90% is acceptable for the UL and in the 5 MHz carrier case allows UTRA ACLR and SEM to be met without any impact on performance (spectral efficiency or 5%-ile user throughput). Also uplink OOB emissions can be further reduced by mapping L1/L2 control channels to carrier band edge resource blocks and scheduling higher power multi-block transmissions to resources away from the band edge.
DOWNLINK

Time domain windowing (ramping) and FIR-filter based spectrum shaping techniques can be used to reduce DL OOB emissions, help meet UTRA ACLR requirements, and meet the ‘to be defined’ LTE SEM.  Other effective OOB emission mitigation techniques such as digital pre-distortion and soft limiting can be used for additional improvement.  These techniques are more effective then just reducing active subcarriers from 301 to 289 which may only result in a ~ 0.5 dB reduction in ACLR1 (5 MHz offset UTRA ACLR requirement) and still not solve a SEM issue. 
Therefore, the building of 5 and 10 MHz PA devices to operate at (respectively) 43 and 46 dBm while meeting the current UTRA ACLR levels would seem to be feasible.  In any event, it should be shown why these techniques are considered inadequate for meeting OOB emission requirements before deciding to reduce downlink bandwidth occupancy below 90.3% and thereby reduce LTE spectral efficiency. 
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Notes:
1. Ramping function may apply trapezoidal, raised cosine, or other time-domain symbol ramping function.
2. Soft limiting executed via circular, rectangular (square) symmetric limiting functions.
3. Multi-rate baseband filter C(z) supports variable bandwidth operation. Transmit and receiver shaping filter impulse responses increase in length as bandwidth reduces. At 1.25MHz bandwidth, main lobe in time-domain spans ~1us, which – when receiver filter is added – can extend TU impulse response length to 5us+2us=7s. Effective channel impulse length extension reduces as mode bandwidth increases – 10MHz case only increases channel impulse response length by around 200ns (main lobe width). [NB – main lobe width is proportional to total CIR length extension – exact value depends on transition BW etc.]
4. DAC and analogue transmit filter form conversion to continuous time (including reconstruction filtering).
5. Digital predistortion can be open- or closed-loop design.
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