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1. Introduction

Reference sensitivity for Band 26 is one of the remaining open items to be resolved in closing this work item.  In this contribution, we review the course of events leading to where we are today, we offer our thoughts on a recent proposal for reference sensitivity definition, and we list available alternatives to progress this important issue forward.
2. Discussion

Reference sensitivity for the E850 upper band (Band 26) has been discussed since the E850 study item.  During the study item phase [1], filter simulation results were presented by several companies representing a variety of filtering options to support the band.  The consensus [2] was that Band 8 reference sensitivity could be justified for Band 26, but further investigation towards improving the specified reference sensitivity value would continue in the work item phase.  When the work item was approved, in anticipation of being able to find and justify an improved reference sensitivity value, specifying reference sensitivity equivalent to that of Band 5 was stipulated as a pre-condition [3].  The difference between Band 8 and Band 5 reference sensitivity is 1 dB.
Considerable effort has been put forth in finding an approach to justify Band 5 reference sensitivity for Band 26 [4], [5], [6] by using an averaging approach.  We offer our thoughts on this approach followed by a list of options for how to progress this topic and finally our recommended approach.
2.1.1. Discussion of the averaging approach

The approach advocated in [4], [5], [6] takes advantage of the definition of the reference sensitivity that it be measured with full allocation in the downlink.  For wide channel bandwidths, it has been suggested that there is an averaging effect across RB’s over the receive band that may be able to reduced the effect of localized regions of high insertion loss depending on the shape of the duplexer filter response.  This averaging intrinsically takes advantage of the interleaver gain in the demodulator across RB’s.  While we recognize the motivation to specify an improved reference sensitivity number to maintain consistency with Band 5, we have concerns about adopting this averaging approach for the following reasons.

Fairness and consistency in the process

Taking into account averaging over wide bandwidths is a novel approach to specifying reference sensitivity that has not been used previously in other bands.  In the interest of fairness and consistency across all bands, it does not seem appropriate to use this new approach for this band.  Surely there are bands which may benefit from a much more thorough investigation of band specific options and alternatives, but such practice has not been adopted in RAN4 since it is very time consuming and may lead to the inequitable treatment of some bands over others.  The averaging approach represents a departure from the conventional approach to determining reference sensitivity and we feel that it may not be advisable to treat any one specially.  We are concerned that this compromises the notion of fairness and consistency in the standards setting process.

Filter response dependency
The averaging approach is dependent upon the particular duplexer filter shape and therefore the amount of averaging gain which could be obtained.  Since the specifications are defined to allow a multitude of implementation options, it is conceivable that there could be a number of different filter shapes which should be considered to determine the amount of achievable gain.  Each of these should be considered.  Furthermore, as discussed above, this process should be undertaken not only for this band, but in the interest of fairness and consistency, for other bands as well which might be able to take advantage of the approach.  This could lead to a tremendous amount of work when RAN4 is already recognized as being overloaded.

Separation of radio and demodulator requirements

The averaging approach relies upon interleaving gain in the demodulator.  The concept is that dependent upon the particular filter shape, insertion losses may be localized to a small number of RB’s relative to the bandwidth over which reference sensitivity is measured.  The degradation to overall reference sensitivity due to the small number of affected RB’s can then be diversified by the interleaver and coding gain so that it is minimized.  However, not only does this depend upon the duplexer filter shape as described above, it also now couples the performance of the radio with that of the demodulator.  Of course, the two are obviously inter-related in the practical measurement of the reference sensitivity.  However, the principle that has been taken in the 36.101 specification is to separate the two as much as possible so that they can be analyzed, specified, tested, and verified independently.  The specifications for each of these two aspects of the receiver are explicitly separated in different chapters within 36.101.  By now including the interleaver and coding gain into the assessment of reference sensitivity, this fundamental principle is no longer maintained.
2.1.2. Options for reference sensitivity specification for Band 26
For the reasons stated in the previous section, we are reluctant to accept a reference sensitivity specification which is based on a frequency averaging approach unless the other concerns are addressed.  Removing this approach from consideration, we see that the following options remain.

1. Define the reference sensitivity for Band 26 to be the same as Band 8.  This was the finding of multiple companies at the conclusion of the study item.  Unfortunately, a pre-condition of Band 5 reference sensitivity has been set for this band with the anticipation that it could be justified.  Since we have not yet been able to justify Band 5 reference sensitivity across the band, this would require modification of the work item and agreement among the proponents to remove this pre-condition so that Band 8 reference sensitivity could be specified.
2. Modify the definition of the band.  As was discovered during the E850 study item, one of the difficulties in achieving Band 5 reference sensitivity in Band 26 is the wider passband relative to duplex gap.  By modifying the defintion of the band to reduce the passband and/or increase the gap, it may be possible to improve its reference sensitivity.  However, this would require retuning the filter design and re-running filter simulations by multiple vendors to evaluate any new band definition proposal.  This would also require modification of the work item.

3. Define Band 5 reference sensitivity over a limited portion of the band.  It is proposed in one of the options of [7] that reference sensitivity equivalent to Band 5 might be achievable over a subset of the band.  The reasoning behind this is that the duplexer insertion loss and higher noise figure is greatest at the band edges, so in the middle of the band a better reference sensitivity can be justified.  At first consideration, this proposal also seems to be unconventional and not inline with other bands and other specifications in 3GPP.  However, it does bear similarity to the output power relaxation at band edge which is agreed for some bands.  
4. Define a compromise reference sensitivity.  It may be possible, subject to further investigation, to specify a reference sensitivity which is a compromise between that of Band 8 and that of Band 5.  There is a 1 dB difference between the two, so the obvious compromise position is at Band 8 reference sensitivity improved by 0.5dB.  This option would require a closer inspection of the filter performance to be able to justify, as well as modification of the work item.

2.1.3. Recommendation

We certainly recognize the benefit and need for better harmonization of bands within and across geographical regions and are highly supportive of the concept and motivation behind this new band.  However, it must be recognized that generally, such harmonized bands come with compromises since by definition, they would be required to support a larger set of requirements.  In the Band 26 case, this is a larger frequency span and possible additional coexistence requirements.  Our recommendation from the above list is option 1; that is, establish Band 8 reference sensitivity for Band 26.  However, we recognize that if option 1 is not acceptable to some of the proponents of the work item, we could consider the other options recognizing that they will take time for all companies to fully evaluate and agree upon.

3. Conclusion

In this contribution, we have addressed the reference sensitivity requirement for Band 26.  Concerns related to the proposed averaging method for reference sensitivity have been presented.  Assuming that the averaging method is not applied, a list of options was presented to progress the work on reference sensitivity for this band.  
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