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1. Introduction

The LTE 450 band is known to be a challenging band configuration because of the narrow duplex gap and small Tx-Rx separation.  The UE reference sensitivity is directly impacted by both of these factors.  This contribution provides an analysis to determine the specification of UE reference sensitivity and its associated uplink allocation.
2. Discussion

Background
Previous agreements have provided a foundation for assessing the reference sensitivity.  First, a starting point for the band plan was agreed in [1] as 452.5 ‒ 457.5 MHz uplink and 462.5 ‒ 467.5 MHz downlink.  This represents a 5 MHz passband with a 5 MHz duplex gap as shown in Figure 1.
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Figure 1.  LTE 450 band plan
The second agreement is that no additional UE blocking requirements would be defined for coexistence with adjacent services in this band.  It was agreed [2] that coexistence with immediately adjacent SARC, SLP/SLE, and SLMP services would be treated on a deployment basis and/or by accepting the risk of outage, rather than by RF solutions at the UE.  Furthermore, it was agreed [3] that blocker protection from TV broadcast in Channel 14 would be treated similarly; that is, UE RF requirements would not be defined since they are not seen to be feasible given UE form factors and economics.  With these agreements, the UE filter performance can be investigated with a focus on Tx and Rx isolation rather than specific blocker attenuation.

Reference sensitivity
Simulation results from three filter vendors are provided below.  
Table 1.  Duplexer simulation results

	Parameter
	Vendor A
	Vendor B
	Vendor C
	Average

	Rx IL
	4.2 dB
	3.7 dB
	39 dB
	3.9 dB

	Tx Isolation
	53 dB
	55 dB
	54 dB
	54 dB

	Rx Isolation
	43 dB
	46 dB
	43 dB
	44 dB


The challenges with UE performance when the uplink and downlink are spaced closely together have been previously discussed in [4], [5], [6], [7] in the context of non-contiguous intra-band carrier aggregation.  In that case, challenges due to transmitter phase noise, reciprocal mixing due to receiver phase noise, IM2 product in the receiver, baseband harmonics, transmitters spectral regrowth were all found to be contributing factors leading to significant reference sensitivity degradation.  This degradation was recognized in addition to adjusting the size and location of the uplink allocation.  For the LTE450 band, we consider a 5 MHz carrier with 10 MHz Tx-Rx separation.  We first evaluate the uplink RB configuration.
Uplink configuration

To minimize the impact of Tx noise on reference sensitivity, the uplink configuration is reduced when the duplex separation is small.  Furthermore, the location of uplink allocation for reference sensitivity may be adjusted to avoid CIM5 spurious terms corrupting the reference sensitivity measurement.  Using the method described in [8] and in [9], we estimate that the uplink configuration as shown in Table 2 below
Table 3.  Restricted uplink size to minimize spectral regrowth
	
	Uplink RB restriction

	1.4 MHz
	6.4 → 6 RB

	3 MHz
	5.2 → 5 RB

	5 MHz
	3.9 → 3 RB


We observe that the resulting uplink allocations are very small due to the small duplex separation for this band.  In fact, we believe that such small allocations as small as 3 RB are not well modeled by the methods in [8] and [9].  For example, it was indicated in previous discussions that reducing the uplink allocation beyond a certain point may not achieve the expected decrease in emissions.  Thus, even with the uplink allocations as shown above, the Tx spectral leakage may play a non-trivial role in reference sensitivity.  Moreover, we note that there are no bands today with reference sensitivity uplink allocations smaller than 10 RB, even in the case of CA_25A-25A.  We therefore propose that the uplink allocation for reference sensitivity be fixed to 5 RB (rather than 3 RB) for the 5 MHz channel bandwidth.

As we have seen, due to the small Tx-Rx separation for this band, particular attention must be paid to spurious products from the transmitter leaking into the receiver.  Tx PA spectral regrowth is largely controlled by reducing the size of the uplink allocation, but CIM5 and other baseband harmonic interference terms must also be controlled since these will also corrupt the reference sensitivity measurement.  We therefore propose the following uplink configuration for reference sensitivity
Table 4.  Uplink configuration for reference sensitivity

	
	Uplink L_CRB
	Uplink RBstart

	1.4 MHz
	6
	0

	3 MHz
	5
	9

	5 MHz
	5
	10


As usual for reference sensitivity, all downlink RB's will be allocated and the uplink will be transmitted at PUMAX.  One additional challenge this brings is that the uplink will be transmitted without MPR due to the small size of the allocation.  Thus, the noise may be higher and this should be taken into consideration.
We also note that with the reduced uplink size and with its location in the middle of the channel, the LO and IQ image products do not influence reference sensitivity.  Thus, we see no benefit to tightened LO and IQ image requirements for this band as explained in [10].

Other contributing factors

Besides Tx spectral regrowth and Tx baseband harmonics and spurious products, other factors also contribute to reference sensitivity degradation for bands with closely spaced Tx and Rx such as this one.  As was discovered during CA_25A-25A studies, the LO phase noise, reciprocal mixing, and receiver second order linearity also play significant roles.  Of course, as with any other band, but even more important for this one, the duplexer performance is critical.  A reference sensitivity analysis was conducted with the following assumptions
Table 5.  Parameter assumptions for refsens analysis

	Parameter
	Value

	Rx IL
	3.9 dB

	Rx isolation
	44 dB

	Tx isolation
	54 dB

	LNA NF
	5 dB

	Rx IIP2
	36 dB

	Rx LO phase noise
	-142 dBc/Hz

	PA spectral regrowth at PA output
	-117 dBm/Hz

	Antenna isolation
	10 dB


Based on this analysis, it is estimated that the following value of reference sensitivity can be achieved
Table 6.  Reference sensitivity estimate

	
	Reference sensitivity value

	1.4 MHz
	-98.7 dBm

	3 MHz
	-95.7 dBm

	5 MHz
	-93.5 dBm


3. Conclusion
In this contribution, we have analyzed the reference sensitivity specification for the LTE 450 UE.  The reference sensitivity for this band is challenged because of the small separation between Tx and Rx.  We have proposed restrictions to the uplink configuration, in both size and location, as well as provided an estimate of reference sensitivity.
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