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1. Introduction

The work item for defining a downlink only FDD supplemental band from 716 – 728 MHz was approved in RAN #51 [1] with the condition to start the work in RAN4 after June.  An updated work item description was also provided in RAN #52 [2].  The objective as stated in the work item description is to enable 5 and 10 MHz DL carriers within the 12 MHz band definition to be paired with uplink/downlink carriers in Bands 2 and 4 initially.  Pairing with Band 5 was also suggested, but this contribution only considers the pairing with Bands 2 and 4 since they are similar and because pairing with Band 2 has been identified specifically in the objective with high priority.  This contribution addresses UE RF specifications for the 716-728 supplemental DL band and highlights challenges arising from coexistence with Bands 12 and 17 UL.

2. Discussion

2.1. Background

Figures 1 and 2 illustrate the 716-728 MHz spectrum and pairings. As shown in the figures, this supplemental DL band is only associated with the UL of the carrier it is aggregated with. 

A potential source of interference into the supplemental DL band stems from Band 12 or 17’s proximity. As illustrated in the figures, in the worst case channelization, Band 12/17 UL is adjacent to the 716-728 MHz DL.  Interference from Band 12/17 in the form of in-band blocking as well as ACLR and SEM emissions and can impact reference sensitivity, coverage and blocking requirements of the 716-728 supplemental DL. These points are discussed in Sections 2.2 and 2.3. 
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Figure 1.  716-728 MHz supplemental DL paired with band 2
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Figure 2: 716-728 MHz supplemental DL paired with band 4

2.2. Reference Sensitivity
Reference sensitivity is impacted by many factors including UL transmit power leaking into the DL receive signal path as well as the receiver’s noise figure. As this band is a DL only band, UL transmission occurs in a paired band; i.e., Band 2. Because the UL spectrum in both band 2 and band 4 are far removed from 716-728 MHz, it is expected that interference from the UE’s UL transmission leaking into the 716-728 MHz receiver is insignificant and can be ignored. Band 4’s uplink is at least 982 MHz away from the downlink band which is a factor of 55 when normalized by the widest uplink bandwidth in Band 4.  Band 2 is even further away.
Reference sensitivity for the 716-728 MHz DL supplemental band is then solely a function of  receive bandwidth and receiver noise figure. The noise figure of the receiver is, in turn, a function of front end filtering used. A specific challenge in designing the front end filter for this band is the blocking required to reject interference from a nearby transmitter in Band 12/17. Further analysis is needed to specify front end filtering requirements for this band which may have an impact reference sensitivity.
Therefore, the recommended approach is to define reference sensitivity for the 716-728 MHz band paired with the appropriate uplink in Band 2 or Band 4.  The requirement expected to be the same since the uplink noise contribution in negligible in both cases.  The uplink configuration can be fully allocated to the same bandwidth as the channel in the supplemental downlink band for simplicity.  This represents the reference sensitivity as a “stand-alone” band.  Of course, since the band is to be used in a carrier aggregation scenario, there is a separate reference sensitivity requirement in such a configuration.  In this case, analogous with the interband carrier aggregation framework that has been defined in RAN4 [3], the band would be classified as belonging to a particular sub-class (i.e., high/low without harmonics) and the method (to be defined) for that would apply in determining the RIB and TIB allowances with both primary and supplemental downlinks active.

2.3. Coexistence Requirements
This section highlights challenges from cross device interference (UE-to-UE coexistence) from Band 12/17 Tx to the 716-728 MHz band Rx. 
2.3.1. Impact of Band 12/17 Emission Specifications 
A Band 12/17 transmitter must comply with the emissions specifications as defined in Release 8.  However, further analysis is required to characterize the impact of these emission specifications on receiver performance in the 716-728 MHz DL supplemental band. One possible approach would be to assume worst case emission specifications from a Band 12/17 device and derive the impact on a single device operating in a carrier aggregation configuration using the 716-728 MHz band as supplemental downlink.  Another approach would be to consider the overall system performance to network capacity and aggregated throughput under the same conditions.  Also important to consider would be to evaluate the impact under typical emission and network conditions for specific scenarios.  Note that an important distinction to recognize in this analysis is that the 716-728 MHz band under consideration is used in a supplemental manner so the overall impact due to loss of link is different than if it were the primary or the sole receive band.

2.3.2. Blocking Requirements
Blocking requirements on the device receiving in the 716-728 MHz spectrum can be stringent due to a potentially strong aggressor in the lower part of Band 12/17 affecting receiver performance. Further study is required to determine receive filter’s rejection requirements. One approach would be to base the blocking requirement on the typical interference scenario and existing state of the art filters.  The blocking requirements imposed either as a filter requirement and/or a linearity requirement on the receiver must be feasible and must be balanced against the impact of emissions as described above which fall in-band and can not be filtered out.
3. Conclusion

The proposed band from 716-728 MHz is intended to be used to support a supplemental downlink carrier in a carrier aggregation scenario paired with Band 2.  In this contribution, we have evaluated the key UE core specifications which require definition for this band.  In particular, we have focused on reference sensitivity as the first driving requirement.  For refsens, we have indicated that the contribution of uplink noise from Band 2 (or Band 4) is negligible.  What remains to be considered is the impact of the front-end filter and its passband insertion loss on noise figure.  We have also proposed the method for how refsens could be defined for this band to fit in with the agreed framework for inter-band carrier aggregation.  Coexistence requirements also need to be considered for this band.  In particular, the emissions and blocking impact from a nearby UE transmitting on the lower portion of Band 12/17 needs to be considered.  This may impose additional filtering and linearity requirements on the receiver which should be reflected in the reference sensitivity and blocking requirements in the specification.  To define these requirements, we have proposed methods of analysis keeping in mind the intended supplemental usage of this band.
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