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1. Introduction

To establish the specifications for the APAC 700MHz band, consideration must be given to the UE RF front end architecture.  Due to the wide bandwith and narrow duplex gap for the FDD band plan, it is anticipated that initial UE implementations will require dual duplexers.  In this contribution, preliminary filter simulation data is presented to provide a glimpse into available performance and possible tradeoffs.
A second aspect discussed in this paper is the coexistence between this band and other 3GPP defined bands.

The contribution focuses on the FDD band plan and considers only the UE.

2. Discussion

In this contribution, we investigate the possible filter design for the FDD band plan for APAC 700.  A 2x45 MHz band plan has been proposed defined as 703 – 748 MHz uplink and 758 – 803 MHz downlink.  This band plan includes an internal guard band of 5 MHz on the lower end and 3 MHz on the upper band where additional guard band on the low end may exist in countries which have adopted a 7 or 8 MHz broadcast channeling plan.  The duplex separation is 55 MHz with a duplex gap of 10 MHz.  As described in [1], the limit of current filter technology is such that a bandwidth of 32.5 MHz for each of the dual duplexers might be achievable.  We consider this possibility in greater detail below and postulate further improvement in filter performance using a bandwidth of 30 MHz (duplex gap of 25 MHz) for each of the duplexers.
2.1. RF Architecture

A block diagram of one potential dual-duplexer implementation is shown below in Figure 1
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Figure 1.  RF front end example for dual duplexer implementation
This architecture has been discussed in a number of previous contributions and it has been recognized that some of its characteristics include

1. Doubling the number of duplexers

2. Switches are needed at the input and outputs of the duplexers.  One of the switches may be absorbed into the antenna switch by either increasing the size of the antenna switch (SP10T shown here) or by reducing the number of roaming bands that the device is able to support.  The switches incur additional insertion loss and add complexity.

3. The upper Tx filter must provide some attenuation into the lower portion of the receive band to facilitate self-band coexistence protection

4. The lower Rx filter must provide some attenuation from the upper portion of the transmit band for blocker rejection

5. The amount of overlap between the filters determines the widest channel bandwidth that can be supported for a continuous raster across the band
2.2. Coexistence filtering requirements

In addition to these attributes which are generic for any dual-duplexer architecture, the unique coexistence conditions for this band can also affect the filter design.  While different countries may have different coexistence conditions both above and below the band or even within the band, it should be recognized that the APAC 700 is proposed to be defined as a single band in 3GPP (single band for FDD and single band for TDD) with a single implementation.  That is, from the UE perspective, it should not be expected that the UE will populate different filters depending on which country, operator, or channelization it is primarily serving.  The UE will host a single RF filter design that supports the entire band in order to maximize economies of scale and roaming opportunties for which this regionally harmonized band endeavors.  Nonetheless, it has been identified in the work item description that attention should be paid for those countries which are not able to allocate the entire band.  These situations must be clearly identified at the start since it is anticipated that these situations may be handled by NS signaling and it is difficult if not prohibitive to introduce additional NS signaling after the band has been defined.  For example, an Administration may wish to release access to spectrum that supports one of the duplex pairs.  

Above the band, there may be land mobile radio system deployments in some countries or regions.  An analysis provided in [2] concludes that a guard band of 2.5 MHz with a “suitable filter” is sufficient to provide coexistence protection between APAC 700 and the land mobile radio systems from spurious emissions, , the paper further concludes that a guard band of 3-4 MHz is recommended to minimize the blocking impact to the APAC700 UE receiver.  The band plan as defined for APAC 700 supports a 3 MHz guard band to the 806 MHz boundary which may be sufficient however, further analysis should be conducted once filter performance is better understood.
At the lower end of the band, there may exist broadcast technologies.  The coexistence between APAC 700 and these broadcast technologies is currently an ongoing investigation in APT and it has been agreed that RAN4 will defer discussion of this topic until APT concludes its investigation.  Nonetheless, it should be recognized that there may be a requirement of the Tx filter to provide attenuation below the band to protect broadcast receivers.  
2.3. Filter design

For an initial assessment, we have considered a filter design consisting of dual 32.5 MHz bandwidth filters.  This is expected to be the limit of performance in current filter technology and provides 20 MHz overlap between the two filters enabling support of all Rel-8 single carrier channel bandwidths.  

We summarize the results of simulations conducted by two filter vendors below

Table 1.  Simulation results for lower filter (703 - 735.5 / 758 - 790.5 MHz)

	
	Tx IL
	Rx IL
	Rx Iso
	Tx Iso
	Tx Att @698 MHz
	Tx Att @694 MHz
	Rx Att @748 MHz

	Vendor  1
	4.0 dB max
	4.0 dB max
	50 dB min
	55 dB min
	3 dB min
	10 dB min
	10 dB min

	Vendor 2
	2.7 dB typ
	2.4 dB typ
	30 dB typ
	
	16 dB typ
	38 dB typ
	30 dB typ


Table 2.  Simulation results for upper filter (715.5 - 748 / 770.5 - 803 MHz)

	
	Tx IL
	Rx IL
	Rx Iso
	Tx Iso
	Tx Att @710 MHz
	Tx Att @758 MHz
	Rx Att @806 MHz

	Vendor  1
	4.0 dB max
	4.0 dB max
	50 dB min
	55 dB min
	3 dB min
	37 dB min
	1 dB min

	Vendor 2
	2.5 dB typ
	2.6 dB typ
	30 dB typ
	
	35 dB typ
	27 dB typ
	3.4 dB typ


It is apparent that the simulation results present above are preliminary and will require optimization to support operation in this band.  However, some trends can be discerned.  

· There may not be sufficient filter attenuation at 806 MHz to protect against a PPDR blocker.  The performance of the UE at the upper channel edge against a PPDR blocker will be limited by the ACS.  For channels further away from the upper edge, the performance will be limited by in-band blocking.
· Self-band protection of -50dBm/MHz seems plausible but should be further investigated.  The required filter attenuation from the upper filter into 758 MHz is approximately 31 dB minimum. 
· Tx attenuation below the band is a critical design parameter for the lower filter.  One possible tradeoff is Rx isolation but self-noise then becomes a concern as the duplex separation is only 55 MHz.

· Self-band blocking may be a challenge for this dual duplexer design.  However, the requirement for self-band blocking may need further investigation in conjunction with self-band coexistence emission limit since the two parameters are inter-related when evaluating coexistence.
Tradeoffs in the filter design can be evaluated as the coexistence conditions are clarified.  It is expected that filter performance may be improved if the bandwidth could be reduced to 30 MHz, however this will trade-off against an Administration’s flexibility to choose frequency arrangements. Specifically it prevents the implementation of a 12.5+20+12.5 MHz arrangement which does not align with the expected 5 MHz channel raster. A duplex bandwidth of 30 MHz does allow the implementation of a 15+15+15 MHz arrangement which will be favored by Administrations wishing to assign equal amounts of spectrum to operators whilst capitalizing on the efficiencies of wider band transmission bandwidths.  Other arrangements will be possible. We certainly welcome the inputs from other 3GPP members on this topic.
2.4. Coexistence from other bands

Although not directly related to the above discussion on filtering requirements, we also consider the impact of spurious emissions from other 3GPP-defined bands.  It is well known that new emission requirements, NS signaling, and/or A-MPR can not be imposed on existing bands, particularly those with existing or in-development devices.  Therefore, we focus on the legacy bands.  For new bands (i.e., Band 26 and Band 27), NS signaling and A-MPR can still be added.  In evaluating coexistence from legacy bands, we note that the APAC 700 band is intended to be deployed in Asia and potentially Latin America.  We therefore exclude consideration for coexistence with the United States where there is an existing and incompatible 700 MHz band plan as well as Europe which also has a different band plan for its digital dividend.    Therefore, the legacy bands in consideration are Band 5, Band 18, and Band 19.
We first consider Band 18 since it is the closest with only 12 MHz separation.  Simulations were performed to evaluate the emissions from a Band 18 device into the upper portion of the APAC 700 DL.  The simulations include a PA model sized to meet UTRA ACLR of 33dB as well as a model of the Band 18 duplexer although only minimal attenuation is available at 803 MHz when taking into account process and temperature shift.  The results for 10 and 15 MHz channel bandwidths are shown below in Figure 2.
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Figure 2.  Simulations of Band 18 spurious emissions into APAC700 DL
It can be seen that emissions from the Band 18 device will notmeet the requirement of -50dBm/MHz in the uppermost 5 MHz of the APAC700 band.  For 10 and 15 MHz channel bandwidths, it appears that an emission level of -35dBm/MHz and -25dBm/MHz could be met. 
Given that the encroachment is only 5 MHz into the APAC700 band and that Band 5 is 9 MHz further away and Band 19 is 15 MHz further away, it is expected that devices operating in Band 5 and Band 19 bands will meet the coexistence emission limit of -50dBm/MHz.  Devices operating in Band 26 and Band 27, being even closer than Band 18, will require additional mitigation measures (e.g. power backoff)  to ensure successful co-existence with devices operating in the APAC 700 band. Since Band 26 and 27 are new bands, NS signaling and A-MPR can be defined.

3. Conclusion

In this contribution, we have provided preliminary feedback on the feasibility and tradeoffs in the design of the filters to support the APAC 700 FDD band.  The major concluding points are

· Coexistence conditions must be clearly defined from the beginning; i.e., now. The APT Wireless Group is currently clarifying the coexistence conditions with the broadcasting service below 698 MHz, 
· The filter design presents some challenges, and tradeoffs should be considered,

· A PPDR transmitter may cause blocking of a UE when operated in close proximity, 
· To maximize opportunity to improve filter performance, it may be beneficial to consider 2 x 30 MHz dual duplexers, and
· Additional mitigation measures may be required to ensure successful APAC 700 and Band 18 co-existence. 
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