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1
Introduction
UE REFSENS for the AWS extension band has been an issue under discussion for the last RAN4 meetings [1]-[3]. During RAN4#76, it was agreed to have a flat REFSENS through the band, while the specific level is still FFS. In this contribution we further discuss and propose UE REFSENS
2
Discussion

2.1
Network needs
UE REFSENS is a critical parameter, together with the diversity antenna performance for DL determining the DL coverage achieved at a certain data rate in a cell plan. The AWS extension is an “extension of Band 4” with additional DL spectrum. Operators with already deployed Band 4 networks also own part of the paired part of the “extension” and thus, it would be beneficial to allow for reuse of existing B4 nominal network plans. This would require specification ofthe Band 66 UE REFSENS as Band 4 UE REFSENS. 
2.2.


Band 4 vs Band 66 UE REFSENS 

The next question is if a UE supporting Band 66 can fulfil the same REFSENS as Band 4.
It has been recognized within RAN4 that the increase of passband will translate into IL increase. In [3] an average delta IL between Band 4 and Band 66 RX filters of 0.8dB was reported. At a first glance, one could think that UE REFSENS requires relaxation due to the IL differences in the filters. However, it is also important to consider the UE actual performance compared to the minimum 3GPP requirements, i.e. margins to the 3GPP requirements. Filter technology has also advanced since the specification of Band 4; many of today’s multiplexers have better performance than the duplexers of yesteryear.

Band 4 REFSENS is specified in TS 36.101 as follows
	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

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD


In order to understand the Band 4 UE performance, UE REFSENS was measured in five different devices for 10MHz carriers. The minimum margin compared to the 3GPP requirement is 4.8dB, while the largest margin is 6.6dB. These levels can be used as a reference to understand the order of magnitude of the margins in current Band 4 devices but we note that the measurements do not consider extreme conditions.
	Device number
	Conducted sensitivity for 10 MHz E-UTRA carrier (dBm)

	Device# 1
	-103

	Device# 2
	-103.4

	Device# 3
	-101.8

	Device# 4
	-103.3

	Device# 5
	-103.6


Measurements on Band 4 for a reference design have also been performance across frequency range, voltage and temperature (ETC). This design also supports low-high carrier aggregation with Band 4 (antenna diplexer). With the exception of the high temperature for the 15 MHz bandwidth; the results for all bandwidths and conditions show a margin of at least 4.8 dB relative to the 3GPP requirements. The margin for the 15 MHz is exceptionally 2 dB at the high temperature. For normal conditions the smallest margin is 5.5 dB.
Altogether, these results indicate that there are margins that justify a specification of Band 66 REFSENS like that for Band 4. If it turns out that this requirement is too stringent for Band 66, requirements can be relaxed at a later point in time.

3 Proposal 
It is proposed that 
Proposal 1: Band 66 UE REFSENS is defined as Band 4 UE REFSENS.
Proposal 2: the attached text proposal below is approved and included in TR 36.869. 
Note that the TP below covers UE REFSENS specification within the paired part of the band. UE REFSENS within the DL-only part of the band needs to be tested in CA configuration and is proposed in [4]
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TEXT PROPOSAL:

<start of text proposal >
8.1.2


UE RX requirements

8.1.2.1


UE REFSENS
The reference sensitivity is impacted by the additional insertion loss in the Rx path since this directly increases the overall noise figure of the receiver.  Moreover, the loss in Tx isolation results in an increase to IP2 generated noise also degrading receiver performance. On the other hand, measurements on Band 4 devices show margins compared to the 3GPP minimum requirements which allows to compensate for the slight IL increase and decrease in TX ISO. Therefore, the same REFSENS as for Band 4 is specified  .  

Table 8.1.2.1-1: Reference sensitivity QPSK PREFSENS (Table 7.3.1-1 of TS 36.101)
	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

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	66x
	
	
	-100
	-97
	-95.2
	-94
	FDD


Also, as for other US bands, NS_03 is signalled for REFSENS

Table 8.1.2.1-2: Network signalling value for reference sensitivity (Table 7.3.1-3 of TS 36.101)
	E-UTRA Band
	Network Signalling value

	Band 66
	NS_03 


The REFSENS level in Table 8.1.2.1-1 applies to the complete band. The REFSENS test for non-CA operation is only specified for the paired part 1710-1780/2110-2180 MHz, the REFSENS performance for DL-only carriers in 2180-2200 MHz is verified in the test cases for contiguous and non-contiguous intra-band CA.

Another question that arises is whether RIB relaxations applicable to Band 4 should also be made available for Band 66 to promote interoperability.    For example, for a UE that supports CA_2A-4A, it is allowed 0.3 dB RIB in Band 4 single carrier reference sensitivity and a question is whether that relaxation should also be allowed in Band 66.  The answer is no.  Any relaxation as a result of additional front-end losses to support carrier aggregation should be treated separately if and when such a CA combination is defined with Band 66.  The front-end loss, for example, of a B2+B66 quadplexer has been observed to be much larger than it is for a B2+B4 quadplexer justifying a larger RIB for Band 66.  However, such judgment should be made at the time when such a band combination is proposed and evaluated.

<end of text proposal >
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