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1. Introduction 

In the RAN #47 in Vienna, a new work item was approved to introduce support for LTE operation in the 2 GHz band in North America[1].  Two operators, namely TerreStar and DBSD North America, have been authorized by the FCC to deploy networks in this band. Each of them is assigned a 10 MHz pair: 
· Terrestar block  : 2000 – 2010 MHz Uplink, 2190-2200 MHz Downlink (Authorization provided by FCC Docket  DA 10-60)

· DBSD block: 2010 – 2020 MHz Uplink, 2180-2190 MHz Downlink (Authorization provided by FCC Docket DA 09-38)
The two company’s spectrum blocks are adjacent to each other forming an “inner block” and an “outer block,” but have different duplex spacings: 190 MHz for the Terrestar block and 170 MHz for the DBSD block. It is proposed that both blocks comprising the entire 2GHz S-band be defined as a single 3GPP band rather than splitting them into two separate bands in order to minimize the total number of bands and to take advantage of the high degree of commonality and synergy between the two.
In this contribution we will first examine the feasibility of supporting two different duplex spacing in one band, then briefly compare the one-band solution versus  two-band solution.   
2. Discussion
Signaling support of variable duplex spacing
The signaling support for variable duplex spacing is already available in the current Release 8 LTE specifications.  In 36.331 [2], as shown below, the SystemInformationBlockType2  (SIB2) includes the ul-CarrierFreq  field.  For FDD systems, if this field is absent, the value determined from the default TX-RX frequency separation defined in TS 36.101 applies.  To enable variable duplex spacing in a band,  the UL carrier frequency can be explicitly defined.
SystemInformationBlockType2 information element

-- ASN1START

SystemInformationBlockType2 ::=      SEQUENCE {

    ac-BarringInfo                   SEQUENCE {

       ac-BarringForEmergency               BOOLEAN,

       ac-BarringForMO-Signalling           AC-BarringConfig             OPTIONAL,  -- Need OP

       ac-BarringForMO-Data             AC-BarringConfig             OPTIONAL   -- Need OP

    }                                                                 OPTIONAL,  -- Need OP

    radioResourceConfigCommon        RadioResourceConfigCommonSIB,

    ue-TimersAndConstants            UE-TimersAndConstants,

    freqInfo                         SEQUENCE {

       ul-CarrierFreq                   ARFCN-ValueEUTRA             OPTIONAL,  -- Need OP

       ul-Bandwidth                     ENUMERATED {n6, n15, n25, n50, n75, n100}

                                                                     OPTIONAL,  -- Need OP

       additionalSpectrumEmission           AdditionalSpectrumEmission

    },

    mbsfn-SubframeConfigList         MBSFN-SubframeConfigList         OPTIONAL, -- Need OR
    timeAlignmentTimerCommon         TimeAlignmentTimer,

    ...

}

AC-BarringConfig ::=             SEQUENCE {

    ac-BarringFactor                 ENUMERATED {

                                        p00, p05, p10, p15, p20, p25, p30, p40,

                                        p50, p60, p70, p75, p80, p85, p90, p95},

    ac-BarringTime                   ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},

    ac-BarringForSpecialAC               BIT STRING (SIZE(5))

}

MBSFN-SubframeConfigList ::=     SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-SubframeConfig

MBSFN-SubframeConfig ::=         SEQUENCE {

    radioframeAllocationPeriod           ENUMERATED {n1, n2, n4, n8, n16, n32},

    radioframeAllocationOffset           INTEGER (0..7),

    subframeAllocation               CHOICE {

       oneFrame                         BIT STRING (SIZE(6)),

       fourFrames                       BIT STRING (SIZE(24))

    }

}

-- ASN1STOP

RF architecture 
Although the proposed 2GHz band has two duplex spacings, a terminal implementation is not necessarily required to use two duplexers to support this band.   As an example, a possible UE radio block implementation as shown in Figure 1 below where the same antenna,  duplexer, transceiver, PA, and baseband sections are used regardless of the duplex or frequency of operation within the band. Here, it is assumed that the RF components are sufficiently wideband to support the aggregate bandwidth of the two blocks.  For example, the duplexer is required to have a passband of at least 20MHz and a duplex spacing of 180 MHz.  Operating with different duplex spacings can be managed in software to provide tuning control for the Rx and Tx LO’s.  Frequency tracking is always maintained on the uplink so that the UE is synchronized with the basestation no matter the duplex spacing.  The limitation with this architecture is that only a single duplex spacing can be supported at any given instant in time; however, a variable duplex band only operates with a single duplex spacing until it is reconfigured by SIB messaging.
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Figure 1.  Example radio architecture supporting variable duplex spacing in US 2GHz band.
Impacts to radio transmission and reception requirements
To help understand the impact to radio requirements of dual duplex spacing in this band, it may be convenient to compare this to the conventional case of single duplex spacing.  Consider as shown in Figure 2a, the proposed spectrum allocation of the 2GHz S-band with dual duplex spacing. The outer block (assigned to Terrestar) has 190 MHz duplex spacing while the inner block (assigned to DBSD) has 170 MHz duplex spacing. For comparison, also consider as shown in Figure 2b, a fictitious allocation of the same band with single 180 MHz duplex spacing.   In both of these two cases, the duplex spacing is at least 17 times the maximum channel bandwidth (10 MHz).  
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Figure 2  Comparison of the Dual Duplex Spacing S-Band with a Fictitious Single Duplex Spacing Band. 

Self interference and desense
On important distinction between treating the band with two duplex spacing vs. single duplex spacing is the self interference due to transmitter PA noise and intermodulation products extending into the receive band.  In the case of this 2GHz band, however, the spacing from Tx to Rx is very large so that the self-interference is expected to be negligible.  To evaluate the self  interference at such large duplex spacing, a measurement of PA noise was made using a commercially available Band 1 PA.  Band 1 is close in frequency to S-band and shares a similar large duplex spacing of 190 MHz; therefore, its performance should be similar to that expected of S-band.  With 28dBm output power, the Band 1 PA noise density reaches its floor and is flat at the receiver band with a measured power level of  -141 dBm/Hz. Factoring in the  45 dB attenuation from the duplexer, the expected self interference at the receiver input is -186 dBm/Hz, which is much lower than the receiver thermal noise floor. Therefore, for the 2 GHz S-band in interest, the impact from self interference is negligible.  Furthermore, because of the large separation between Tx and Rx, intermodulation terms from the transmitter are also expected to be negligible.
Receiver requirements

We now consider the reception requirements (i.e., reference sensitivity, adjacent channel selectivity, blocking, intermodulation, etc).  Given the above conclusion that self-interference is negligible for this band, the reception requirements are mainly driven by the performance of receiver chain and interference from neighboring bands, which depends only on the location of the DL block. Comparing the diagrams of Figure 2, it can be seen that there is no difference between the receiver requirements for the block defined by the inner block (i.e., DBSD DL block) and a block X DL if the band were defined with single duplex.  Similarly, the outer block (i.e., Terrestar DL block) is identical to the block Y DL block in terms of receiver requirements.

Transmitter requirements

The transmitter emissions (i.e., ACLR, out of band, spurious, etc) are mainly driven by requirements limiting interference to other bands and within its own band.  We have already established that self-interference is not a consideration for this 2 GHz S-band.  Interference to other bands is a function of the location of the UL block, the channel bandwidth, and the size of the uplink allocation.  Comparing the diagrams of Figure 2, it can be seen that there is no difference between the transmitter requirements for the block defined by the inner block (i.e., DBSD UL block) and a block Y UL if the band were defined with single duplex.  Similarly, the outer block (i.e., Terrestar UL block) is identical to the block X UL block in terms of transmitter requirements.

Specification differences between one band and two bands approach
The analysis and reasoning in the previous section shows that, in general, there is no difference in the specification between defining the S-band as a single band with dual duplex spacing compared to defining it as a single band with fictitious single duplex spacing. .  The large duplex separation makes self interference negligible for this band so that the actual separation, whether it be 170 MHz or 190 MHz does not affect the performance requirements.  In the following table  all UE RF requirements in 36.101 that may potentially need changes for this 2 GHz S-band are listed.  A brief discussion is also provided to compare the difference between one-band with dual duplex spacing solution versus two-band solution. In general, there should be no difference in requirements between defining the band as a single band vs. defining the band as two bands.  Where there are possible differences, the worst case specification is proposed to be used when defining as a single band.  Detailed analysis as appropriate will be provided in future contributions to support any requirement changes needed.

	Clause
	Description
	Comments and Comparison to 2-band Solution

	6.2.2
	UE Maximum Output Power
	No changes are needed for a one-band vs. two-band solution.  Due to the large duplex gap, maximum output power relaxation is not required at the band edges. 

	6.2.4
	UE Maximum Output Power with additional requirements (A-MPR)
	FFS. Will determine from emission analysis whether A-MPR is needed.   For a two-band solution, the analysis is done separately on the inner block and the outer block. For one-band with dual duplex spacing solution, the higher A-MPR number from the two blocks will be used.

	6.6.2.2
	Additional Spectrum Emission Mask
	FFS. Will determine if any additional spectrum emission mask is needed. For a two-band solution, the analysis is done separately on the inner block and the outer block. For one-band with dual duplex spacing solution, the tighter emission limit from the two blocks will be used.

	6.6.3.2
	Spurious emission band UE co-existence
	FFS. Will determine later if any changes needed.  For the two-band solution, the analysis is done separately for the Terrestar band and DBSD band. For one-band with dual duplex spacing solution, the worst case number from the two bands will be used.

	7.3.1
	Reference sensitivity requirement
	No differences are expected between a one-band vs. two-band solution.  The self interference is negligible for this band due to the large duplex spacing.
The location of the uplink RB’s is to be allocated as close as possible to the downlink operating band within the channel bandwidth and in accordance with the duplex spacing as indicated in the SIB message.

	7.5, 7.6, 7.7, and 7.8
	ACS, blocking, spurious, and intermod
	FFS.  ACS, blocking, intermod, and other receiver requirements are defined as a function of the channel bandwidth and are not a function of the duplex separation.  As with reference sensitivity, the uplink RB’s are to be allocated as close as possible to the downlink operating band within the channel bandwidth and in accordance with the duplex spacing as indicated in the SIB message.  No differences are expected between a one-band vs. two band solution.


Table 1 UE RF requirements that may require changes for the 2GHz S-Band. 

Advantages of one-band solution
Technically, both one-band and two-band solutions are viable for defining LTE operation in the 2 GHz S-band. The one-band solution with dual duplex spacing has the following advantages
· Operators’ preference is for one band.
· Avoid band fragmentation and reduce the total number of bands.
· Due to UE size limitations, an implementation using a single duplexer and RF chain to support both the Terrestar and DBSD bands is likely.  A duplexer that is DBSD only or Terrestar only is extremely difficult to implement as the passbands are 10 MHz centered at 2 GHz (0.5% relative bandwidth).  
· The one-band solution requirements can be derived from the two-band solution requirements by using the worse case number between the two bands.  
3. Conclusion
Dual duplex spacing for the 2GHz S-band can be supported with Release 8 LTE signaling.  An RF architecture using only a single duplexer is capable of covering the entire band. For the performance requirements, it is proposed to use one specification number for the band regardless of the duplex separation.  Due to the large duplex spacing, the self interference is expected to be negligible so that both the inner and outer bands are likely to have same reception and transmission requirements. In the case that their requirements are different,  the worst case number is proposed to be taken for the entire band.  We recommend defining the 2 GHz S-band as a single band. 
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