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1 Introduction
The introduction of the S-band for MSS and ancillary terrestrial network as a single operating band with the spectrum allocation for the two operators authorized for deployment has raised the question of variable duplex in Rel-10. Variable duplex was proposed already for Rel-8 [1] in order to deal with unwanted emission problems, but it was decided postpone it for later releases. The signaling for variable duplex is already in place in the Rel-8 specification: the uplink EARFCN is sent in SIB2, if absent then the default spacing applies.

Carrier aggregation for FDD implicitly introduces variable duplex between a secondary DL CC and a primary UL CC, which necessitates the specification performance requirements that are additional to the single-carrier case. These additional CA requirements and their corresponding test configurations can be exploited for the specification of the S-band as a variable duplex band for MSS. In principle, all the E-UTRA CA bands could also be introduced as variable duplex bands – explicitly – since requirements would be defined for the pairing of a secondary DL CC and a primary UL CC. However, variable duplex would then also apply to the paired primary CC as a standalone carrier, and this would be a problem for legacy Rel-8 and Rel-9 terminals that are not supporting variable duplex. Realistically, this means that variable duplex could only be introduced in new E-UTRA (carrier aggregation) bands, such as the S-band, notwithstanding issues in some legacy implementations. 
In this contribution we consider the frequency arrangement and the relation to the CA requirements for variable duplex in general, and the introduction of the S-band as a variable-duplex band in particular. We propose to do this for it would allow the use of a single duplexer, and operator-specific bands are avoided. This frequency arrangement is relatively straightforward for the S-band (the major issue is coexistence with Band 2 and the G block). 
2 Carrier aggregation and variable duplex
The idea of the proposal for variable duplex (VDT) in [1] was based on restricting the duplex variability such that the RF requirements with the default spacing would still apply. This implied a frequency variation within a range smaller than the maximum channel bandwidth supported for the band in question. Supposing that any band supporting variable duplex would be endowed with a default spacing, a similar principle could be used: the allowed range of the duplex spacing should be such that the RF requirements are can be kept unchanged, i.e. the same as for the duplex spacing.  For FDD bands supporting intra-band carrier aggregation, one might consider new requirement for the secondary CC that has a duplex spacing other than the default, the same requirement could be re-used is the band is also (explicitly) identified as a variable duplex band.
While recognizing the difficulties to introduce VDT in legacy operating bands, requirements tailored to CA can still be used for the specification of new operating bands as VDT (and CA) bands. Take the reference sensitivity as an example, this requirement is used as a reference for several of the RF receiver tests. Suppose that for the intra-band case, one UL CC is configured (primary) and that two DL CC are active. For this case, we propose in [2] to verify the reference sensitivity for the secondary CC with a PRB allocation corresponding to the Rel-8 or Rel-9 requirements and with the secondary DL CC activated closest to the transmit band (in the duplex gap of the primary CC). This scenario is shown in Figure 1 with the secondary CC in dark grey. The PCC has the default spacing, whereas the SCC has a smaller spacing 
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and TX-RX separation and is more prone to the transmitter noise.
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Figure 1: the secondary DL CC activated closest to the transmit band.
The reference sensitivity requirements should also be met if the SCC is located on the other side of the PCC at a larger duplex spacing 
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, see Figure 2. This may not have to be verified, but the PCC (at the smaller default spacing) should always satisfy the Rel-8 or Rel-9 requirement. 
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Figure 2: the secondary DL CC activated away from the transmit band
Now, if the same band is designated a variable duplex band, the reference sensitivity at any allowed duplex spacing should meet that of the SCC when activated closest to the transmit band (the worst case for most bands) and with the SCC uplink deactivated. This corresponds to the CA scenario shown in Figure 1.

Hence, for a band supporting carrier aggregation,  

· any variable duplex requirements could be aligned with those applicable for the case in which the SCC UL is deactivated

The allowed duplex spacing variability could be aligned with the E-UTRA CA class, e.g. for aggregation of two 20 MHz CC in Band 1 (CA_1B), the implicit duplex variability with one UL CC configured is ±20 MHz, hence the minimum spacing 170 MHz and the maximum 210 MHz. However, this variability would also be applicable to the PCC as a standalone, which would create problems for legacy UE(s) camping on the primary CC in Band 1 (default spacing required). 
For operating bands not supporting CA in Rel-10, like the S-band,
· a default spacing is defined (used if uplink EARFCN absent in SIB2) and any requirement for variable duplex should be the same.

This effectively assumes that the default spacing is large enough and the variability small so that e.g. the reference sensitivity could be kept the same and that there are no specific emission requirements (in a victim band). If this is not the case, 
· any requirement for variable duplex should be set for the worst case spacing, the same requirement then applies for any other allowed spacing.

It is recognized that the worst case spacing may not be the same in all test cases. 

In general, we propose that the support of variable duplex (VDT) should be band specific, recognizing that all intra-band E-UTRA CA bands could be variable duplex bands in principle. 
Core minimum requirements for VDT bands should be specified for any allowed duplex spacing in the core specifications. However, some specific core requirements may have to be specified at a specific duplex spacing, e.g. for meeting unwanted emission requirements in victim bands. The test requirements in the conformance specifications could be verified for one spacing only to minimize the test time. 
3 The S-band

FCC has authorized two operators to deploy ATC networks in the S-band
· FCC  DA 10-60 Terrestar : 2000 – 2010 MHz Uplink, 2190-2200 MHz Downlink (190 MHz spacing)
· FCC  DA 09-38 DBSD (formerly ICO): 2010 – 2020 MHz Uplink, 2180-2190 MHz Downlink (170 MHz spacing)
Introducing the S-band as a single operating band supported by a single duplexer, we could choose a default duplex spacing of 180 MHz and allow a variability of ±10 MHz. This would cover the two operator allocations above and may look like the following in TS 36.101:
E-UTRA is designed to operate in the operating bands defined in Table 5.5-1.
Table 5.5-1 E-UTRA operating bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz 
	1475.9 MHz  
	–
	1495.9 MHz 
	FDD

	12
	698 MHz
	–
	716 MHz
	728 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	
	
	
	
	
	
	
	

	S
	2000 MHz
	–
	2020 MHz
	2180 MHz
	–
	2200 MHz
	V-FDD (Note 2)

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	Note 1: Band 6 is not applicable
Note 2: the duplex spacing is defined in Tables 5.7.4-1 and 5.7.4-2


Then further in Clause 5.7.4 of TS 36.101 (and the corresponding in TS 36.104)
a) The default E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation is specified in Table 5.7.4-1 for the TX and RX channel bandwidths defined in Table 5.6.1-1

Table 5.7.4-1: Default UE TX-RX frequency separation

	E-UTRA Operating Band
	TX -  RX 
carrier centre frequency
separation

	1
	190 MHz

	2
	80 MHz.

	3
	95 MHz.

	4
	400 MHz

	5
	45 MHz

	6
	45 MHz

	7
	120 MHz

	8
	45 MHz

	9
	95 MHz

	10
	400 MHz

	11
	48 MHz

	12
	30 MHz

	13
	-31 MHz

	14
	-30 MHz

	17
	30 MHz

	18
	45 MHz

	19
	45 MHz

	20
	-41 MHz

	21
	48 MHz

	
	

	S
	180 MHz


b) 
The range E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separations for operating bands supporting variable duplex is specified in Table 5.7.4-2 for the TX and RX channel bandwidths defined in Table 5.6.1-1
Table 5.7.4-2: TX-RX frequency separation for V-FDD
	E-UTRA Operating Band
	TX -  RX 
carrier centre frequency
separation

	
	Minimum
	Maximum

	S
	170 MHz
	190 MHz


Less trivial is deciding on the duplex spacing that should be used to derive the minimum requirements for all test cases, apart from resolving potential coexistence problems. At a first stab, the following conjectures could be made
· for the receiver requirements, the minimum duplex spacing could be used: it is the worst case for the reference sensitivity and in-band and out-of-band blocking could most likely be tested for any spacing within the allowed range (small compared to the default spacing) 
· for the transmitter requirements, specific duplex separations need consideration to meet emission requirements into Band 2 and the G, H and J frequency blocks.
We have looked at the problems from the UE perspective, but much of the above also applies to the BS.
4 Keep UL and DL bandwidths the same
In [1] it was proposed to allow different bandwidths of the UL and DL in combination with variable duplex, this to resolve an unwanted emission problem for Band 13. However, this particular problem was solved by using another method. We propose to maintain the same bandwidths for Rel-10, changes can be made in later releases should there be a clear need to do otherwise. 
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