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1     Introduction
In this contribution it is suggested that a 5 MHz bandwidth for a short-range nomadic use case in the 2.6 GHz band is considered for the first phase of E-UTRA given the stringent timeline for LTE standardization. Higher bandwidth for this nomadic 2.6 GHz scenario can be added in turn. The requirements for narrower bandwidth for a mobile scenario (GSM/UMTS migration) in lower frequency bands can be devised at a later stage; the numerology for this scenario is completely different. This may facilitate RAN4 work on RF requirements and numerology since the number of options is reduced.
2     Channel options and deployment scenario
Reuse one in discussed frequently for the E-UTRA OFDM/SC-FDMA. It is well known that this requires either low-rate code (i.e. bandwidth expansion like for UMTS) or interference management, where the latter can be involved and require an RNC-like architecture. Fractional reuse has been discussed and a scenario assuming a hypothetical hexagon deployment is shown in Figure 1 [1]. It is based on scheduling where the transmitting powers of the different users are assigned in accordance with their path loss. Supposing that a 15 MHz channel is used in a 15 MHz allocation, the scheduling presumably also imply that the centre 1.25 MHz for the BCH (and SCH) in a given cell will also be power controlled. This may have a negative impact on cell edge users attempting to access the system (low-rate codes or different SC power offsets may be used, but this will imply lower BCCH data rates and more stringent linearity requirements, respectively). 
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Figure 1. Fractional reuse [1].
Advanced interference management like fractional reuse may certainly provide gains in some scenarios, but it is important that 

· the LTE numerology is chosen so that the system works with a standard old-fashioned 3 x 5 MHz allocation and static frequency reuse 3 for the example considered above.

This will also provide a more robust interference control and hence better MIMO performance, for MIMO is prone to spatially coloured interference, see e.g. [3] that provided early results. Full power can be used (at least potentially) for all users in the cell, which is also beneficial for higher-order modulation. 

On top of the static reuse-3 plan one can also use additional 5 MHz channels in a fractional reuse fashion but with reduced power as described in [1].
Now, since three adjacent frequency channels are used it is important that the adjacent channel selectivity (ACIR) is high enough, and that power control is used in the uplink to alleviate this. Removing sub-carriers at the band edges is a viable option, but the method requires reductions of the order of 15-20% to be effective, see Figure 2 (stolen from [2]).
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Figure 2. LTE output PA PSD for 241, 289, and 301 occupied subcarriers [2]. 

Comparing with the low-cost IEEE 802.11a and 11g, 52 subcarriers is used with a 64 FFT over a 20 MHz channel bandwidth. This implies that the occupied bandwidth is roughly 52/64 = 81%. The LTE 5 MHz channel has 15 kHz*301/5 MHz = 90% according to 25.814 (LTE has a significant over-sampling), which is considerably tighter. 

If the number of subcarriers is reduced the maximum PHY rate will also be reduced, but the improved ACIR will improve the system capacity. Moreover, this also means that the windowing or filtering need to be less aggressive and thus consume less of the CP. The CP can then be shortened and the PHY rate can be slightly recovered, and the symbol energy loss will also be less. Few users will mourn the somewhat lower maximum PHY rates in this more robust deployment.  

Turning to the CP, this can be made shorter for the 5 MHz channel option more suited for a shorter range high capacity system for nomadic use. The impulse responses in these environments are often less than 1 s, and the remaining part can be used to alleviate the requirements for uplink synchronization (the channel equaliser cannot distinguish between channel effects and phase adjustments due to timing offsets). 
To sum up, it is suggested that a robust reuse-3 deployment with 5 MHz channels be used in a nomadic deployment for the first version of E-UTRA. Fractional reuse could still be employed but should be based on 5 MHz channels. The CP can be made shorter, and reduction of sub-carriers to achieve better adjacent selectivity could be considered. Studies of co-existence with other systems may also be simplified since the bandwidth is the same as for UTRA.
2.1 Frequency band

The 2.6 GHz IMT-2000 Extension Band (Band VII) is a suitable candidate: it is more straightforward to introduce a new RAT in a band not yet fully allocated to other technologies.    

3     Coverage

If re-farming of GSM/UMTS is considered the scenario is completely different and more long-term. According to the LTE requirements in 25.913 the cell edge rates should be increased significantly. If GSM re-farming is to be considered for example, LTE needs to supply

· better coverage than GSM (and similar robustness)
· better performance
· at least the same terminal battery efficiency 

for the voice service (which is likely to remain a significant  application) – and just 10% better efficiency improvement compared to GSM/EDGE is not enough. 

Making a raw comparison between the bandwidth one finds that 1.25 MHz / 200 kHz = 8 dB needs to be found somewhere in the link budget at the same information rate (e.g. 12.2 kbps today). Fewer RBs can be considered for cell edge users, but the BCH will at least be 1.25 MHz wide. Moreover, GSM can handle impulse responses of 16 s (4 symbols) which implies that the CP for LTE must be longer than “long” in 25.814 to accommodate margins for filtering and synchronization errors. For the filtering at lower bandwidth is more challenging if the same ACIR is to be achieved. The ACIR requirement will not be easier than for the 5 MHz case since the frequency separation between carriers will be smaller than for GSM; the filter impulse responses are longer the smaller the bandwidth (order of several s). The same co-existence problems as the nomadic case occur, and border coordination must be considered more thoroughly since the channels are wider than GSM.   

Hence the optimal numerology for the mobile 1.25 MHz coverage scenario is completely different from the nomadic 5 MHz scenario. 
4     OFDMA-type scheduling
OFDMA and frequency-dependent channel scheduling are considered for LTE just like in IEEE 802.16-2004 and an earlier UMTS proposal [4]. Scheduling over subcarriers may be feasible in the low mobility case (5 MHz channel). For higher mobility, for which LTE is not supposed to be optimised, scheduling over sub-carriers may only be an unnecessary complication and should perhaps consider RF requirements instead as suggested in [2]. The Doppler frequency at 1800 MHz for 25 m/s vehicular speed implies that the coherence time is about 6 ms (12 TTI) which will necessitate very rapid scheduling and feedback; random hopping sequences may be as efficient to provide the same diversity. From an RF requirement viewpoint, it may be better to schedule the centre RB for the high-power terminals in order to satisfy co-existence requirements and ACIR for the uplink. For a general reduction of the number of subcarriers for the 1.25 MHz mobile scenario is perhaps less obvious since the CP is already long in the GSM re-farming case considering the 25.913 requirements.     
Optimising the numerology is obviously not only a bandwidth issue.

5     Some general complexity issues
5.1   Power amplifier and terminal power classes
DFP-spread OFDM will be employed for the uplink and spectral shaping will be used to reduce the PAPR.  These pulse shapes are FFS. However, the signals are still OFDM-like and one can expect that the PAPR problem will not be easier than those encountered for UMTS UE(s). Hence the requirements on PA linearity are likely to be tight, particularly if higher-order modulation is considered in addition. 
There are techniques like feed-forwarding that can be used for PA linearization also over wide bandwidths (>30 MHz) but are typically hampered by poor efficiency (lossy output network). Digital pre-distortion has limited bandwidth. A bigger amplifier with higher 1 dB compression point can always be selected, but this will be detrimental for the current drain. Hence it is suggested that two power classes be selected for E-UTRA, e.g. 

· a high-end 24 dBm and a lower 21 dBm PC

if the LTE standard is going to fly within a reasonable time frame. 

5.2   Synchronisation and frequency stability

SC-FDMA in the uplink will still use basic OFDM methods to allow for a relatively high degree of commonality with the downlink OFDM scheme. Timing and frequency correction with frequency multiplexing and frequency-dependent channel scheduling may therefore require some consideration. 
When several users are frequency-multiplexed in the uplink there will be some requirements on the timing and frequency offset to avoid ICI (Inter Carrier Interference). Some of the frequency offset can be equalised in the e-Node B receiver; the compensation is normally made prior to the DFT. However, a correction of the receiver frequency for a certain user would cause misalignment between other multiplexed users with different frequency offsets. In [5] it is shown that a frequency stability of 1-2% of the sub-carrier spacing is needed for multi-user OFDM to achieve signal-to-interference ratios of 20-30 dB typically needed for higher order modulation and MIMO gains. In particular it is shown that for a two-path Rayleigh channel the error-floor is less than 10-3 (uncoded system) if the frequency offset is less than 2% of the subcarrier spacing. This indicates that a 0.02*(15 kHz) / (2 GHz) = 0.15 ppm (residual) frequency stability is required, which may be a challenge for low-cost devices. The scenario is different for the downlink or in the case in which users are time multiplexed and a pre-amble precedes each packet. It should be noted that the IEEE 802.11a standard (1999) with its low-cost devices requires only a 20 ppm stability (312.5 kHz carrier spacing), although lower values can be achieved today.  
The timing offsets can also be equalised, but it would still be reasonable to leave some margin for timing errors in the CP to increase the robustness and maintain lower intra-cell interference. This margin is in addition to that needed for TX and RX filtering. 
5.3   RF Filtering

The smallest bandwidth in the system is the RB, and selectivity can be achieved by filtering in the digital domain. However, there will also be requirements put on the analogue filters preceding the ADC. In addition to the usual anti-aliasing filters there may be problematic blocking requirements in the uplink if several users assigned to a small number of RBs are received simultaneously. Transmitter power control will alleviate this, but this is still a major issue at e.g. band edges. 

There has been significant development in the filter area in recent years, but it is still advisable to limit the number of channel options at least for the first phase of LTE to reduce the RF complexity.   

6     Discussion
Given the time schedule and the number of options available for LTE, it is suggested that for the first phase of E-UTRA focus is put on optimising the numerology and setting requirements for
1. an RF scenario based on 5 MHz channels, shorter range and nomadic use. The 2.6 GHz IMT-2000 extension band with 15 MHz allocations (3 channels) is a viable candidate for more rapid deployment.
Later on this can be followed by standardisation of
2. a mobile RF scenario with narrower bandwidth (e.g. 1.25 MHz or similar) for possible GSM/UMTS migration in the longer term.

High bandwidth for the nomadic scenario can be added in turn, consistent with the minimum transmission and reception capabilities agreed by RAN1.   

The optimal numerology is entirely different for these 1.25 MHz and 5 MHz scenarios; two completely different systems are required, it is not only a bandwidth issue.
There are also a number of complexity aspects of OFDM that need consideration, not only for the terminal but for a mass deployment of low-cost access points as is envisaged (there are femtocell-BTS for GSM available today).
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