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1 Introduction
In this contribution we propose MOP and reference sensitivity requirements for Band 22 and Band 42/43. We discuss different architectures for split-duplexers and compare to existing 2 GHz transceivers. For a discussion in insertion loss for switches, filters and PA performance between 2 GHz and 3.5 GHz we refer to the comprehensive study in [1].
2 Band 22
2.1 Reference sensitivity

The split duplexer approach may certainly imply a larger component count in the radio-front end. Should only on port be available in the antenna switch and only one LNA port in the transceiver, the front-end insertion loss would be large as suggested in Figure 1. 

[image: image1]
Figure 1: basic split-duplexer approach using only one antenna-switch port.

This can be improved if an additional port is available in the antenna switch and one additional RX port in the transceiver, at the expense of the support of one other operating band, see Figure 2. 

[image: image2]
Figure 2: basic split-duplexer approach using only one antenna-switch port.

The penalty of the insertion loss is smaller for the architecture in Figure 2, the composite loss before the LNA is reduced by about a 1 dB following the data supplied in [1] with a corresponding reduction of the noise factor. This architecture is likely to be a common design, and we therefore propose to adopt Band 3 performance as proposed in [2]. If at a later stage it turns out that the requirement is overly tight, corrections to the specification can be made.
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	…
	
	
	
	
	
	
	

	22
	
	
	[-97]
	 [-94]
	[-92.2] 
	[-91]
	FDD

	…
	
	
	
	
	
	
	

	42
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	43
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

Note 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.


The uplink allocation for Band 22 should be similar to Band 2 and Band 3 that have a similar duplex spacing:

Table 7.3.1-2: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	…
	
	
	
	
	
	
	

	22
	6 
	15 
	25 
	50 
	501
	501
	FDD


For the REFSENS one must also consider the TX-RX isolation that can be limited by leakage between the two duplexers, the isolation may be limited by the switches in Figure 1, but improved by the architecture in Figure 2.
2.2 MOP

The architecture in Figure 2 is similar to that already used in many designs up to 2.6 GHz in which one common PA is shared for the 2 GHz bands, e.g. Band 1 and Band 2. Hence, when comparing the front-end loss in different frequency ranges, one should account for the fact that additional switches in the TX part are accounted for also in 2 GHz designs that are subject to the standard 23 dBm ±2 dB requirement.
The switch loss is still higher at 3.5 GHz as shown in [1], but for designs with shared PA(s) it is more relevant to consider the difference between the SPDT switching loss at 3.5 and 2.1 GHz (and the corresponding difference for the antenna switch). The difference in insertion between the 2.1 and the 3.5 GHz designs is then reduced by about 1 dB (see [1]).
The PA efficiency and gain/linearity is also more challenging at 3.5 GHz (already at 2.7 GHz) and this most also be accounted for, and it is indeed relevant to consider a relaxation of the lower tolerance limit. 

2.3 Supporting CA Bandwidth Class C

The split-duplexer design assumed for the requirement must support a 20 MHz channel bandwidth which requires a 50 MHz passband width of the constituent duplexers. The support of CA Bandwidth Class C requires a 60 MHz passband, and analysis in [1] shows that the difference in insertion loss between a 50 MHz and a 60 MHz amounts to about 1 dB. However, support of CA is not mandatory for Rel-10. Hence the Band 22 single-carrier operation need not necessarily account for a possible additional loss due to a wider 60 MHz filter. An additional margin can be taken into account for carrier-aggregation as indicated below with CA > 0. In view of this and the comparison to a 2.1 GHz architecture with a shared PA, it appears the tolerance +2/-[3] dB could specified for the single-carrier operation.
Table 6.2.2A-1: CA UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1C
	
	
	
	
	23
	+2/-2
	
	

	CA_22C
	
	
	
	
	23
	+2/[-3-CA]
	
	

	CA_40C
	
	
	
	
	23
	+2/[-2]
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

Note 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

Note 4: 
For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


This would also align with the MOP of Band 42 and 43, the component count in the TX path is the same for an architecture with a bidirectional filter and a TX-RX switch that must also meet the +2/-3 dB requirement.

A DTC for the edge should also be specified, and we propose to keep the 4 MHz region in view of other requirements like spectral flatness.  A 0.5 dB relaxation of the lower limit could be considered (the roll-off flat across 4 MHz).
3 Band 42 and Band 43

3.1 MOP
A common architecture for TDD is shown in Figure 3. This common design should also be made feasible for 3.5 GHz by specifying the MOP appropriately. 

[image: image3]
Figure 3: a common architecture for TDD.

The number of component in the TX path is the same as for the FDD, and the IL of the filters of 200 MHz passband width can be comparable to that of the constituent duplexers (TX path) in for FDD for some filter technologies viable for the 3.5 GHz band. Aligning the requirement with Band 22 we propose a 23 dBm +2/[-3] dB requirement for Band 42 and 43. 
Additional switches to support other 3.5 GHz bands are not shown in Figure 3.

4 Protection of Band 22 from Band 43

Suppose first that A-MPR is not defined for Band 43. The 10 MHz TX-RX separation means that the emissions in the range 3595-3600 MHz must be less than
22 dBm – 36 dBc (UTRA_ACLR2) + 10log10(5/3.84 MHz) = -13 dBm/5MHz

which should be taken as a baseline for discussing possible protection limits in the upper range of Band 22 near 3590 MHz. 
One option is to specify -40 dBm/MHz or -50 dBm/MHz for the lower portion of Band 22 and then to 

· adopt the ECC report 131 limits -15.5 dBm/5MHz in the lower portion covering the upper 25 MHz (for Band 43 filter roll-off, temperature and production and production limits) of Band 22 RX and then adopt a -40 dBm/MHz for the range 3510-3565 MHz
or 

· adopt the standard limit of -50 dBm/MHz in the lower part of Band 22 and then extend the applicability of the -15.5 dBm/5MHz 
for reasonable requirements on the Band 43 RF filter and minimize the penalty on its IL. However, these proposals would most likely not allow a 400 MHz filter (the first item may do). 
If tighter protection limits are asked for, A-MPR must be specified for Band 43. 
5 Proposal

For Band 22 we propose to 
· specify a MOP of +23 dBm +2/-3 dB mid-band requirement and apply an additional +0.5 dB in the 4 MHz DTC region
· consider further relaxation of the lower tolerance limit for single carrier operation for UE(s) supporting CA Bandwidth Class C

· specify REFSENS according to Band 3 performance

For Band 42 and 43 we propose to

· specify a MOP of +23 dBm +2/-3 dB mid-band (need for DTC is TBD).
For Band 43 we propose to

· adopt a piece-wise constant emission limit for protection of Band 22 that reflect a compromise between the protection level and Band 43 filter requirements.
Should it turn out that the minimum requirements proposed above are not feasible from a UE power consumption perspective or pose undue constraints on filter design, the requirements can be relaxed; the converse is not likely. 
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