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1 Introduction
At the RAN4#68bis meeting the potential impacts to the requirements in RAN4 for the work item on low cost and enhanced coverage MTC UE’s  [1] were discussed with the objective to specify a new UE category for MTC operation in all LTE  duplex modes and provide a relative LTE coverage improvement of 15dB for FDD. This new UE type is also targeted to support the following capabilities:

· Single receive antenna

· Downlink and uplink maximum TBS of 1000 bits

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

At RAN4#69, following the discussions in [3], [4], [5], [6], [7] ,[8] and [9], the work plan [10] detail was agreed to for RAN4#70 for the on-going analysis for the Low Cost MTC UE work item:

· RAN4 #70 (10 - 14 Feb 2014): 

· Discuss and agree on RF specification changes for agreed bands
· Discuss new UL and DL measurement channel
· Discuss on how to specify the reference sensitivity for an MTC UE

· Initial analysis of RRM impacts and results

At RAN4#70 it was agreed that band specific RF requirements such as reference sensitivity are to be initially analysed for bands 3, 8 and 20 [13].
This contribution focuses on the investigation of the band related RF requirements for a single receiver and half-duplex MTC UE implementation for the above bands.
2 Discussion
2.1 Band Dependent Discussion

From the discussions in [9], a number of observations were made concerning the dependencies of MTC UE RF requirements on the band, including the following:

· Reference Sensitivity requirements for Low Cost MTC UEs are band dependent 
· The requirements for ACS, in-band blocking, out-of-band and narrowband blocking, and RX intermodulation are dependent on the reference sensitivity level.

· ACS, in-band blocking, out-of-band and narrowband blocking, and RX intermodulation for Low Cost MTC UEs will need to account for the single RX feature.
· REFSENS will be impacted by both the HD-FDD and single RX features for Low Cost MTC.
As noted in [9], the main difference between a FD-HDD receiver versus a HD-FDD receiver is the replacement of the duplexer in the full-duplex FDD implementation with a switch in the HD-FDD implementation. The potential difference in reference sensitivity between the FD-FDD and HD-FDD implementations will be mostly due to the difference in insertion loss between the HD switch and the FD duplexer.
Furthermore, as noted in [3] the MTC UE requirement of a single receive chain will on average result in a 3 dB degradation in REFSENS for an FDD MTC UE receiver.
Observation #1
The difference in receive sensitivity of a single receive chain FDD MTC UE relative to the existing UE REFSENS requirements in TS36.101 will be on the order of 3 dB.
As noted in the introduction, at RAN4#70 it was agreed that band specific RF requirements such as reference sensitivity are to be initially analysed for bands 3, 8 and 20 [13]. For reference 

· Band 3 is comprised of the frequencies 1710 - 1785 MHz on the UL, and 1805 - 1880 MHz on the DL
· Band 8 is comprised of the frequencies 890 – 915 MHz on the UL, and 925 – 960 MHz on the DL

· Band 20 is comprised of the frequencies 832 – 862 MHz on the UL, and 791 – 821 MHz on the DL
Table 1 below summarizes typical insertion losses for HD switches and FD duplexers at each of the identified band classes.
Table 1: Typical FD duplexer and HD switch insertion losses

	Band class
	Frequency [MHz]
	FD duplexer 

insertion loss [dB]
	HD switch 

insertion loss [dB]

	3
	1710 - 1889
	1 – 2 dB
	1 dB

	8
	890 - 960
	1 – 3 dB
	1 dB

	20
	791 - 862
	1 – 3 dB
	1 dB


Observation #2
· For an FDD implementation, the typical FDD duplexer insertion loss for bands 3, 8 or 20 is on the order of 1 to 3 dB. 
Observation #3
· For a HD-FDD implementation, the typical switch insertion loss is on the order of 1 dB.
Thus based on the above considerations, as a first approximation, the net difference in reference sensitivity due to receive chain insertion loss of a single receiver FDD MTC UE versus a single receiver HD-FDD MTC UE will be on the order of 0 to 2 dB. In order to simply the specification of REFSENS between FD-FDD and HD-FDD MTC UE’s, it is proposed that the same REFSENS requirement be employed for HD-FDD MTC UE’s as for FD-FDD MTC UE’s. The potentially impacted requirements are highlighted in the partially reproduced version of Table 7.3.1-1 of TS36.101 below [8].
In addition to the above considerations, it should be noted that the REFSENS requirement will also  potentially be impacted by the use of non-contiguous resource block allocations (RB’s) which will need to be considered with respect to possible impacts on MTC UE implementation margins. For example the use of non-contiguous RBs can impact the complexity and accuracy of the MTC UE receiver channel estimation. Based on the above discussion, the following proposal can be made
Proposal #1
· As a first approximation, the reference sensitivity for a single receive chain FDD MTC UE employing bands 3, 8 or 20 can be adapted from the reference sensitivity value in Table 7.3.1-1 of TS36.101 [8] as a [3] dB reduction relative to the entries for these existing band classes. 
Proposal #2
· For Release 12 it is proposed that the REFSENS requirements for a single receive chain HD-FDD MTC UE be set the same as the REFSENS requirements for a single receive chain FD-FDD MTC UE. 
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

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

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

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	
	
	-97
	-94
	
	
	FDD

	18
	
	
	-1007
	 -977
	-95.27 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD


3 Conclusion
This contribution has provided an analysis of the band related RF requirements for a single receiver FDD and single receiver half-duplex MTC UE implementation.  Specifically, a first approximation of the band related reference sensitivity requirement was addressed for bands 3, 8 and 20. The following observations and proposals were made

Observation #1
The difference in receive sensitivity of a single receive chain FDD MTC UE relative to the existing UE REFSENS requirements in TS36.101 will be on the order of 3 dB.

Observation #2
· For an FDD implementation, the typical FDD duplexer insertion loss for bands 3, 8 or 20 is on the order of 1 to 3 dB. 
Observation #3
· For a HD-FDD implementation, the typical switch insertion loss is on the order of 1 dB.
Proposal #1

· As a first approximation, the reference sensitivity for a single receive chain FDD MTC UE employing bands 3, 8 or 20 can be adapted from the reference sensitivity value in Table 7.3.1-1 of TS36.101 [8] as a [3] dB reduction relative to the entries for these existing band classes. 
Proposal #2
· For Release 12 it is proposed that the REFSENS requirements for a single receive chain HD-FDD MTC UE be set the same as the REFSENS requirements for a single receive chain FD-FDD MTC UE. 
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