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1. Introduction

The band plan for 700 MHz operation in Europe has been discussed extensively.  In a recent meeting of CEPT CPG PTD, it was agreed to send an LS to 3GPP RAN4 with the conclusion that the preferred channeling arrangement for CEPT is aligned with the lower 30 MHz of Band 28.  Furthermore, an emission requirement of -42 dBm/8 MHz is required to protect broadcast services in the range 470 - 694 MHz for 10 MHz LTE channel bandwidth.  In this contribution, we discuss the merits, risks, and challenges of including this new emission requirement into the 3GPP specifications.

2. Discussion

2.1. Observations

The motivation is to define a band plan for 700 MHz in Europe that consists of 703 - 733 MHz UL / 758 - 788 MHz DL is to leverage the lower portion of the existing Band 28 to provide harmonization and eco-system benefits on a global scale.  Indeed, this is a significant benefit and one that we strongly support.  Furthermore, as a result of simulation results from component vendors indicating that lower Band 28 filters are now able to provide increased attenuation to protect broadcast service below the band, it is technically feasible for UE’s equipped with an upgraded filter and transmitting in a 5 or 10 MHz channel to meet the -42 dBm/8 MHz CEPT emission limit.  
Observation 1:  We support the objective of harmonization of 700 MHz in Europe with lower Band 28; that is, the 703 - 733/758  -788 MHz band plan.

However, there are also risks and challenges associated with the request to modify existing 3GPP specifications for Band 28.  Band 28 is a legacy band which was completed two years ago, June 2012, for Rel-11.  There is an established principle in 3GPP that specifications defined, especially in a closed release, should not be adjusted unless it is for the purpose of an essential correction to an error discovered in the specification.  The reason behind this is that equipment manufacturers, regulators, operators, administrations, and others need to have confidence that once the specifications from 3GPP are frozen, that they are stable so that design can commence with reasonable assurance that the specifications will not change.  A change to the legacy specification, as requested by CEPT, may be disruptive to existing designs or even to plans of regulators and administrations seeking to adopt Band 28.  For Band 28 equipment this concerns not only designs that have already been commercially fielded, but also designs and plans that have already begun in-house, but have not yet been completed.  We believe that existing designs and existing in-progress designs should be protected against having to comply with new requirements since our understanding is that the new requirement is met by hardware component change (i.e., the filter must be upgraded).  
Observation 2:  Existing devices already fielded or in-development must not be impacted by any change to the specification.
By similar reasoning, new specifications for example for carrier aggregation which have been based on the existing definition of Band 28 should not be impacted.  With the assumption that the new emission requirement requires an upgraded Band 28 duplexer, carrier aggregation combinations with a high frequency band and Band 28 are not expected to be affected since the high frequency band is combined with Band 28 by a diplexer.  However, for carrier aggregation combinations with low frequency bands and Band 28, a quadplexer is generally required.  The quadplexer may not be able to provide the same attenuation as the duplexer.  For example, Band 18+Band 28 is already underway with the assumption of existing Band 28 requirements.  Initial evaluation on the quadplexer indicates that it may not be able to meet the attenuation necessary for the UE to comply with the new emission requirements.  Moreover, since this band combination is intended for operation in Japan only, it is not necessary for the UE to meet the tighter emission requirement proposed by CEPT since the Japanese regulatory requirement is fulfilled by the existing Band 28 specification.  As a second example, another study is also underway to evaluate the PUCCH overprovisioning and RB scheduling limitations needed to operate with the lower duplexer in Japan, while simultaneously meeting the -26.2 dBm/6 MHz emission requirement up to 710 MHz.  If the requirement were to be changed to -42 dBm/8 MHz, the PUCCH overprovisioning and RB restrictions derived would no longer be sufficient and more onerous restrictions would be needed.  Again, in this case, the tighter emission requirement is not needed in Japan, but by requiring it in 3GPP, other work related to the band could be negatively impacted.

Observation 3:  Any change to the specification should minimize the impact to other work which is already underway for Band 28.
It has been made clear by the LS from CEPT that one necessary ingredient to facilitate harmonization of the band in Europe with Band 28 is the need to meet the more stringent emission requirement of -42 dBm/8 MHz.  However, it is not obvious that this is the only additional requirement necessary to meet operational conditions in Europe.  For example, it should be verified that there are no other additional emission requirements to protect services which might be enabled within the duplex gap beyond what the existing 3GPP Band 28 specifications provide.  It should be verified that there are no additional receiver blocking requirements to be added to Band 28 as another example.  Further changes to this band will only undermine the stability of the specifications and lead to negative repercussions.
Observation 4:  It should be verified that the additional emission requirement of -42 dBm/8 MHz is the only additional requirement needed to comply with European rules of operation within this band.

2.2. Options
We consider the options to enabling harmonization of this band, keeping in mind the observations listed above.  Clearly, the two options are to maintain the 3GPP Band 28 specification as-is without adding the new requirement, or to add the new emission requirements into the 3GPP specification as requested by CEPT.  While certainly a valid option, defining a separate band for Europe 700 MHz seems counter-productive to the goal of harmonization so is not considered in this paper.
For the first option, if the new requirement is not added to the 3GPP specification, it is anticipated that the requirement would nonetheless be captured in the European ETSI Harmonized Standard.  Treatment in this manner is similar to what has been done for Band 20 (EU 800 MHz), where the protection requirement to DTV was not captured in the 3GPP specifications, but is reflected in the ETSI HS.  We note that there are some differences between Band 28 and Band 20, so this may not be an exact analogy.  However, this approach of not reflecting the tighter emission requirement in 3GPP would retain the stability of the Band 28 specification in 3GPP which was completed two years ago.  The risk is that harmonization and scale might be diminished if, for example, some devices not intended for operation in Europe are built complying only to the 3GPP specification.  However, since it is believed that the tighter requirement from CEPT can be met by selecting the appropriate Band 28 duplex filter, it is expected that most devices in the future would naturally select this filter and meet the CEPT requirement even if it is not reflected in 3GPP, all other things being equal.  Thus, it may not be absolutely essential for harmonization to include the emission requirement in 3GPP and certainly inclusion of the specification does not guarantee harmonization.
The second option is to explicitly capture the CEPT emission requirement by updating the 3GPP specification for Band 28.  There are two important considerations on how this could be implemented.  Which release should the change be made to?  Should the change be made with NS?  Band 28 was completed in Rel-11, but to protect existing or in-progress designs as well as to preserve the stability of the specification, it may be prudent to apply the change only from Rel-12 or Rel-13 onward.  The recent work on signaled MPR versioning may be able to help with applying this change applicable to future releases, but more study may be required to understand the exact implementation into the specification since this is not an MPR change per se.  Moreover, since this is a regional requirement, it may also be appropriate to add this new requirement associated with a network signaling approach; i.e., an NS value.  Indeed, the purpose of NS signaling is to indicate additional regional spurious emission requirements and their associated A-MPR if necessary.  In this case, A-MPR is not believed to be needed, but the NS can still be used to indicate the additional emission requirement in the same manner that NS_17 is used for this band in Japan.  NS signaling also provides the advantage that for countries where the new CEPT requirement is not applicable, the NS need not be signaled.  This solves the problem described above pertaining to PUCCH overprovisioning in Japan (a network in Japan would signal NS_17, but not the new NS), and helps to alleviate but does not completely solve the problem of carrier aggregation between B18+B28 in Japan.  While the NS would not be signaled in Japan, the UE built with a B18+B28 quadplexer would still need to be able to demonstrate compliance with the NS to meet conformance testing.  Thus, if the quadplexer cannot provide sufficient attenuation, the device will not pass conformance testing and alternative treatment will need to be sought.
Adding a new NS value to an existing band has proven to be challenging in the past.  The difficulty stems from the fact that the behavior of existing devices upon receiving an NS that they cannot interpret is indeterminate.  Thus, is it possible that such legacy devices may ignore the NS and transmit as usual; unfortunately, in such a case, the legacy device will likely exceed the emission limit indicated by the NS since it was designed before such a limit was known.  Nonetheless, recently it has been argued that in some exceptional cases where the number of legacy devices is limited and therefore the impact of possibly non-compliant devices is expected to be very small, it may be possible to introduce a new NS value into the specifications of a legacy band.  Further discussion is needed to understand whether that may be the case here.  Another possibility is to modify one of the existing NS values (NS_17 or NS_18) for Band 28 in conjunction with signaled MPR versioning.  Further thought is needed if this approach is to be adopted.
3. Conclusion
In this contribution, the LS and request from CEPT CPG PTD to update Band 28 specifications to include additional emission requirements has been discussed.  Harmonization of European 700 MHz with lower Band 28 is an objective that should we support.  Equally, we believe that any specification change should not impact any devices which are already developed or are in the process of being developed.  We have also highlighted other potential ramifications of a change to the specification at this point.  We consider the options including not introducing the requirement in 3GPP as well as adding the new requirement to Rel-12 or Rel-13 and adding the requirement under a network signalled NS value.  
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