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1. Introduction

A work item [1] proposing a new band at 700 MHz for the Asia-Pacific region was approved at RAN #52.  A substantial amount of technical work has already been conducted for this band within the AWG [2].  It is anticipated that RAN4 should perform its due diligence in evaluating the technical work that has already been completed or is underway in the AWG for compatibility with 3GPP specification, but may be advantageous and desireable to align the specifications between 3GPP and AWG as much as practical.  This contribution highlights some of the key technical issues concerning this proposed band from the UE perspective.  
2. Discussion

The spectrum under consideration spans the range from 698 MHz to 806 MHz where both FDD and TDD configurations are to be supported.  The FDD band plan has received greater attention in AWG than the TDD.  Some of the key findings and agreements reached in the AWG [3] are summarized.

Duplex direction.  The conventional duplex direction has been recommended; that is, the uplink is lower in frequency than the downlink.  The basis for this recommendation is coexistence with existing services.  Due to the broad range of services offered in adjacent spectrum blocks ranging from broadcast, public safety, land mobile, etc., it would not be possible to satisfy all coexistence conditions with one duplex direction.  However, one key coexistence scenario is that with GNSS (Global Navigation Satellite System) services operating in the vicinity of 1500 - 1600 MHz.  Specifically, we note the following frequency ranges

GPS:  1563 – 1587 MHz


Galileo:  1559 – 1591 MHz


GLONASS:  1597.78125 – 1606.21875 MHz


COMPASS:  1561.098 MHz

By setting a conventional duplex direction, the 2nd harmonic of uplink transmissions extends only up to 1496 MHz, so is able to avoid generating interference in the GNSS receive bands.  This greatly facilitates the ability to provide simultaneous LTE and GNSS service in the same device, as well as separate devices operating in close proximity. 
Note that the uplink/downlink duplex assignment is only applicable for FDD systems.  For TDD systems, transmissions in the upper frequencies may cause challenges with in-device coexistence with GNSS services.  In those cases, a protocol and signaling based approach as is currently being studied in RAN2 may be more appropriate than an RF solution.

Band configuration.  A 2x45 MHz band plan has been proposed for FDD.  This enables the uplink and downlink bands to be defined as 703 – 748 MHz and 758 – 803 MHz, respectively.  This band plan includes an internal guard band of 5 MHz on the lower end and 3 MHz on the upper band relative to the IMT boundaries of 698 and 806 MHz.  Additional external guard band may exist in countries which have adopted a 7 or 8 MHz broadcast channeling plan.  The band plan also accommodates a 10 MHz duplex gap for a 55 MHz duplex separation between uplink and downlink.  It is anticipated that the UE front-end implementation will consist of a dual-filter architecture to support this band plan.  A single filter does not seem feasible with current filter technology.  
Duplexer feasibility to support this band plan can roughly be evaluated by observing the relative bandwidth of the passband to center frequency as well as the relative duplex gap to passband.  Current filter technology can support a relative passband bandwidth of approximately 4% when normalized by center frequency to be able to maintain good spectral flatness across the band with minimal insertion loss.  For example, Band 3 and Band 8 currently support relative bandwidths of 4.3% and 3.9%, respectively.  The TDD bands at 3.5 GHz actually require even greater relative bandwidths, but the challenges and tradeoffs of RF component design at 3.5 GHz is significantly different than at 700 MHz, so the comparison is not appropriate.  In addition to the bandwidth, the duplex gap ratio also gives an indication of duplexer feasibility.  The passband-to-gap ratio must not be too large in order for the duplex filter to be able to provide sufficient isolation without undue insertion loss in the passband.  We observe that the passband-to-gap ratio of up to 3.75 is feasible for Band 3, but with a insertion loss penalty of 3 dB.  
Given these rough guidelines, it can be seen that a pass band of 32.4 MHz (corresponding to 4.3%) might be achievable.  The associated duplex gap ratio for this bandwidth would be 1.4 which is similar to that of Band 7 or Band 12, both of which show a 2 dB degradation in reference sensitivity.  However, there is a further requirement on the dual duplexer architecture which does not exist in the Band 7 or Band 12 example.  The dual-duplexer architecture has an additional requirement for self-band coexistence.  With a dual duplexer architecture, the upper Tx filter provides sufficient isolation in the upper part of the receive band to mitigate self-desense.  However, when operating on channels covered by the upper filter, there still exists a coexistence requirement to protect the lower part of the receive band.  While this requirement is not as stringent as that for self-desense, it nevertheless imposes an attenuation requirement on the filter that is not captured by the duplex gap ratio defined above.  Given that duplexers exist for duplex gap ratios in excess of what is required here, it seems plausible that the filter could be appropriately designed for this band to include the attenuation necessary to meet the coexistence requirement in the lower part of the band.  However, the impact to insertion loss, maximum output power, and reference sensitivity must be studied as well as whether the conventional requirement of -50dBm/MHz should be applied to protect this band.  For TDD, the band is extremely wide compared to the center frequency and will have to be covered with multiple overlapping filters switched appropriately.  The bandwidth of filters realizable for this application will depend on the coexistence rejection requirements for TDD with adjacent services.

Coexistence.  The topic of coexistence with other services must also be studied.  Of particular challenge is that the coexistence conditions and scenarios may be regional.  That is, in some countries, public safety type services could potentially interfere with receive operation and require protection from the UE transmitter.  In some countries, broadcast services may require the same, but with different frequency plans and deployment topologies.  In fact, it has been explicitly stated in the work item description that consideration should be given for the case that some countries may not be able to allocate the entire band.  Nonetheless, for the benefit of harmonization and to promote larger economies of scale, it is the intention to create a single band which can be implemented with the same UE hardware for all regions.  Therefore, one way to address particular regional requirements and configurations may be with NS signaling and A-MPR, or with differing coexistence criteria and performance.
Some of the coexistence scenarios which have been or are currently being studied in AWG consist of broadcast technologies below the band as well as Public Protection and Disaster Relief (PPDR), land mobile radio, and Terrestrial Trunked Radio (TETRA) services above the band.  In addition, there may be coexistence requirements with other 3GPP bands.  For example, existing Bands 5, 18, 19 are in close proximity to the downlink of this band.  However, those bands are existing bands so additional requirements should not be imposed on them.  Proposed E850 bands (bands 26 and 27) are also in close proximity.  The E850 bands are not yet fully defined or implemented, so it may be possible to adjust requirements for those bands to address coexistence.
Finally, it is noted that this band is considered for both FDD and TDD.  Therefore, it should be assumed that mixed FDD and TDD deployments using this band will not coexist within the same geographical area within the context of 3GPP specifications.  

3. Conclusion

In this contribution, we have provided an overview of the newly proposed 700 MHz band.  A significant amount of technical work has already been conducted and is ongoing within the AWG to define the parameters for usage of this band.  It is our recommendation that RAN4 perform its necessary due diligence in evaluating this work for compatibility with the 3GPP specifications.  Three important topics have been highlighted pertaining to the UE specifications:  duplex direction and its impact on coexistence especially with GNSS, band configuration and band gap with attention to the dual-duplexer architecture, and the coexistence scenarios with services in adjacent or nearby spectrum. 
Reference
[1] RP-110739, “New Work Item proposal for 700 MHz band variant,” Alcatel-Lucent, CATT, China Mobile, Ericsson, ETRI, HiSilicon, Huawei, KDDI, KT, LGE, LG-Ericsson, Motorola Mobility, NII Holdings, Nokia, NSN, NTT DoCoMo, Qualcomm, Samsung, ST-Ericsson, Telefonica, Vodafone, ZTE.
[2] RP-110764, “Background information on APT AWG work relating to the band 698 – 806 MHz,” Alcatel-Lucent, Qualcomm, Huawei, Ericsson, Nokia, NSN, Samsung, Motorola Mobility, KT, LGE, LG Uplus, LG-Ericsson, SK Telecom, ETRI

[3] APT/AWF/REP-14, APT Report on "Harmonized Frequency Arrangements for the Band 698-806 MHz", http://www.apt.int/sites/default/files/APT-AWF-REP-14_APT_Report_Harmonized_Freq_Arrangement.doc


















1
1

