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1. Introduction 

At RAN4 #41, contribution [1] was submitted, which introduced a new approach to defining the LTE channel raster. In this contribution, we point out potential problems associated with that approach and discuss general considerations for selecting a channel raster size.  
2. Discussion 

The approach proposed in [1] reduces the channel information signaling load while maintaining a high effective resolution of possible channel center frequencies.  This relies an assuming that there are certain band dependent restrictions on the deployable LTE system bandwidths.  It is likely that this assumption will not hold in the long term. 
As the number and size of unencumbered frequency blocks available for new systems gets reduced, there will be cases where the currently considered set of system bandwidths needs expansion.  This is clearly not a desirable development from the point of view of system definition or testing. We definitely support targeting the smallest possible set of defined system bandwidths. However, if this set needs to be expanded in the future, then there should not be system design dependencies, such as an already defined channel raster, that would prevent such an expansion.  

It is understood that the proposal in [1]  would also make this possible but it seems only with adding new band definitions.  New band definitions are; however, prone to creating backward compatibility problems.     

We suggest that the channel raster should be uniformly spaced and with sufficiently high resolution so that any potential system bandwidth allocation could be supported in any of the defined bands if so required. The obvious advantage of such a raster is the flexibility it provides.  We can address the apparent disadvantages as follows: 

· The number of information bits required for carrying the channel number is increased. This is true; however, the corresponding messages (channel list, neighbor list, etc.) carry a lot more information so the overall impact is not significant 
· The number of frequency search hypotheses for initial acquisition is increased. This is also true; however, there is a need for an upper layer method to resolve this in any case. Future band segmentation, unavailability of  universally dedicated bands and multimode (i.e. LTE, WCDMA, GSM) searches necessitate a method to convey a programmable search list to the UE. 
2.1. Further considerations for the channel raster size

In [1], the channel resolution fine raster step size was proposed to be 62.5kHz, which was derived as 1/20th of a 1.25MHz system BW. 
We believe that there are further factors to be considered for selecting the raster step size, explained in the following subsections. Note that these considerations are relevant irrespective of whether the actual raster clustering concept of [1] is accepted or not.  
2.1.1.  Phase noise impact
The UE frequency synthesizer will generate all carrier frequencies from a common reference. The overall effective functional step size of the synthesizer is determined by the greatest common divisor of all frequencies the UE has to support. The smaller that common divisor is, the greater the oscillator phase noise becomes.  We know that poor phase noise results in a receiver sensitivity degradation in the presence of narrowband jammers , among other harmful effects.  

From the above it follows that, since at least some of the LTE UEs will be multimode device supporting other systems with 100kHz or 200kHz rasters,  it would be beneficial if the LTE raster was chosen such that g.c.d. {LTE_raster, 100KHz} is maximized.   
2.1.2.  Relationship to tone spacing

For all LTE configurations, the tone spacing will be either 7.5kHz or 15kHz. A raster that is a multiple of 15kHz would have the following advantages:

· Resulting in a conceptually simple tone frequency layout; every operating frequency would be on a 15kHz step continuous frequency scale
· Reduce receiver generated ACLR in synchronous deployment cases. We know that abrupt changes occurring at symbol boundaries create emissions into adjacent blocks. This is the main reason to apply windowing in the LTE transmitter.  The same abrupt changes also occur in the receiver simply as an artifact of the FFT input symbol generation after the cyclic prefix removal.  The interference generated by this effect will not be helped by any transmitter side time windowing or filtering.  It is easy to see that with a raster size that is a multiple of the tone spacing, this effect will be minimized, at least in the case of synchronous deployments, because the carriers will fall in the interference nulls. Figures 1, 2 and 3 illustrate this. In all three cases, LTE uplink was assumed in 5MHz system BW and with a single (12 tone) RB allocated to the UE. The UE transmits at 23dBm power, a random PI/2-BPSK waveform. PA non-linearities, time windowing and a 48-tap transmit FIR was modeled.  All simulations assumed 4x oversampling. 

· Figure 1 shows the emission levels, with the red curve indicating the emission mask normalized to 15kHz reference BW
· Figure 2 shows the observed interference level in dBc terms at the adjacent channel reciver FFT output  
· Figure 3 shows a portion of Figure 2 magnified; spectral nulls can be observed at multiples of 15kHz
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Figure 1 Transmitter Emissions from -15MHz to +15MHz
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Figure 2 Receiver Generated Interference from -15MHz to +15MHz
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Figure 3 Receiver Generated Interference from -3.4MHz to -1.8MHz, Frequencies below -2.75MHz are in-band for the adjacent channel receiver
Note that there are methods available to reduce the impact of the interference shown in Figures 2 and 3. However, these methods introduce in band signal distortion, increase receiver complexity, or both.  Therefore, a channel raster that can eliminate this problem would provide benefits.  The actual performance difference would depend on time offset, phase noise and Doppler, among other factors. 
2.1.3.  Relationship to carrier block size

Obviously, it simplifies block definitions if the allocated block size is a multiple of the channel raster.  
Note that the allocated block size (e.g. multiples of 5MHz in the case of UMTS refarming) is typically not a multiple of 15kHz.  
2.2. Summary of recommendations

Unfortunately, all three conditions listed in the preceding three subsections cannot be satisfied simultaneously.  Our preference would be to pick raster size based on performance considerations rather than based on band definition convenience. Therefore, we would weight more the conditions in subsections 2.1.1 and 2.1.2 and weight less the condition in 2.1.3.  Based on this, the best raster size R would be a multiple of 15kHz with g.c.d.(R, 100kHz) maximized.  R=30kHz would be an appropriate choice. 
3. Conclusion

This contribution discusses receiver performance impacts of the choice for LTE raster stepsize. Based on receiver performance considerations, a 30kHz raster stepsize is recommended.       
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