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1 Introduction
At RAN4#72bis the discussion of the issue of reference sensitivity for low complexity Category 0 (i.e. MTC) UE’s was continued from a perspective of both the implementation of HD-FDD and a single receive chain [9]. In addition the possibility of tightening the implementation margin in the reference sensitivity calculation was also discussed. No consensus was reached on the value of reference sensitivity to employ. This contribution re-iterates the issues related to reference sensitivity for Category 0 UEs. 
2 Discussion

For reference the following agreement was reached at RAN4#70 as a basis to calculate the reference sensitivity for low complexity UEs:

1. The process to derive reference sensitivity can be based on R4-141533[5]
2. All factors that are accounted for into the calculation are not agreeable currently. Particularly:
a) Implementation margin [2 or 2.5] dB
b) Rel8 margin -[0-7]dB with typical value of [-5]dB
The Following proposal is approved:
· The reference sensitivity for 1RX MTC UE can be adapted from the reference sensitivity value in Table 7.3.1-1 of TS 36.101 taking into account bullet 1 and 2 above.
It should also be noted that 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 [6] as well as in bands 40 and 41 [8].

Furthermore, at RAN1#76bis, it has been agreed that there is no explicit restriction on the resource allocation size for low-complexity UEs for both broadcast and unicast transmission.
This contribution re-iterates the issues concerning the implementation margin of the band related RF requirements for a single receiver and half-duplex low complexity (i.e. MTC) UE implementation for the above bands.

2.1 Band Dependent Discussion of Low complexity UE REFSENS
For the specific bands under consideration for Category 0 UEs in Release 12 (i.e. bands 3, 8, 20, 40 and 41) the typical duplexer and switch insertion losses that could be expected for full duplex (FD)  and half duplex (HD) Category 0 UEs were summarized in [8], as summarized in Table 1 below:
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


Furthermore, Table 2 provides a summary of the bandwidth versus duplexer gap for each of the band classes being discussed.

Table 2: Bandwidth versus duplexer gap for candidate bands
	Band class
	Frequency [MHz]
	Bandwidth [MHz]
	 duplexer distance/band gap

	3
	1710 - 1889
	75 (4.3%)
	> 4

	8
	890 - 960
	35 (3.8%)
	> 4

	20
	791 - 862
	30 (3.5%)
	> 4

	40
	2300-2400
	100 (4.3%)
	unpaired

	41
	2496-2690
	194 (7.5%)
	unpaired


As noted in [7] and [8], the main difference between an 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. It can also be noted that the bandwidth ratio percentage for band 41 exceeds the nominal 4% value. For TDD band 41, a 2 dB relaxation in REFSENS is adopted to address the 7.5% bandwidth ratio.
Observation #1
· 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 #2
· For a HD-FDD implementation, the typical switch insertion loss is on the order of 1 dB.
Furthermore, as noted in [7] and [8] the MTC UE requirement of a single receive chain will on average result in a 3 dB degradation in REFSENS for an FDD low complexity UE receiver.
Observation #3
· The difference in receive sensitivity of a single receive chain FDD low complexity UE relative to the existing UE REFSENS requirements in TS36.101 will be on the order of 3 dB.
As defined in R4-141533 [5], the agreed methodology to calculate the reference sensitivity power  
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where 

-174dBm is the noise floor at room temperature,
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 is the operating bandwidth in Hz, 
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 is the Tx/Rx noise figure in dB,
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 is implementation margin in dB, 
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 is band-dependent relaxation due to the ratio between duplexer distance and band gap in dB, 

and SNR is the operating SNR in dB to meet the 95% of maximum throughput under reference measurement channel (RMC), as specified in 36.101, where 2Rx diversity is used.
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 low complexity UE versus a single receiver HD-FDD low complexity UE will be on the order of 0 to 2 dB, impacting the noise figure 
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 . In order to simplify the specification of REFSENS between FD-FDD and HD-FDD low complexity UE’s, it is proposed that for Release 12 low complexity UEs, that a nominal tightening of [0.5] dB in the REFSENS requirement be employed for HD-FDD low complexity UE’s relative to FD-FDD low complexity UE’s. 
2.2 Impact of variation in REFSENS Implementation Margin
As highlighted in [1] it may be possible to improve the UE implementation margin beyond the values of Release 8, however it should be noted that given the objective to enable low complexity Category 0 UEs in the Release 12 timeframe, it is proposed that initially no additional implementation margin be imposed in the Release 12 for low complexity Category 0 UEs. Modification of the implementation margin for UE’s will have a significant impact on the cost and process of testing UE’s in general and low complexity UEs specifically. Aspects of UE testing that will be impacted by variation of the implementation margin for low cost UEs include the following issues:

· Factors impacting the implementation margin include phase noise, IP2 and cross modulation. The average device under test could be several dB better than the specification.
· Testing of UEs is typically carried out for a 5 sigma budget as a worse case for the required specification. Tightening of the specification will result in a higher failure rate of UE’s during testing and a lower production yield resulting in higher device cost for low complexity UEs. 
· Tightening of the implementation margin requirement will require additional testing, adding further to the device cost.
· Tightening of the implementation margin requirement for low complexity Category 0 UEs will result in Category 0 UE’s having a tighter requirement than higher complexity, higher category UEs in the LTE standard and a resulting inability to fully reuse existing legacy LTE category UE designs for Category 0 UEs.
· Implementation margin is typically a function of the number of bands supported by the UE. For example up to 10 LNA’s can be required in the UE to support operational bands and it is likely that in the future this number will be higher which can negatively impact the implementation margin. Tightening of the Category 0 implementation margin may restrict the number of bands that can be effectively supported by Category 0 UEs in the future.
· Normally the main path of a UE receiver has a poorer NF than the diversity path since the main path has a duplexer and a transmit filter. This can result in the gain for a receive diversity receiver (i.e. with 2 paths) being more than 3 dB better than a single rx chain receiver. Thus the suggested relaxation of 3 dB for a single receive path implementation does not account for the full possible degradation of the Category 0 UE reference sensitivity.
· Type approval testing using cables does not account for noise leakage which must be considered for operational UE’s.
These considerations are summarized in Table 3 below:

Table 3: Considerations for the Implementation Margin of Low Complexity Category 0 UE’s 
	Factors Necessitating Implementation Margin
	Impact of Tightening Implementation Margin

	Testing of UEs is typically carried out for a 5 sigma budget
	Lower yield in UE device manufacture

	Additional margin is required as the number of bands supported in a UE is increased
	Less flexibility or additional cost to support additional band classes

	Tightening of the implementation margin will  increase the amount of testing required
	Additional lifecycle testing costs

	3 dB relaxation for removal of diversity path is conservative
	Implicit tightening of margin already accepted

	Additional testing will be  required for tighter margins
	Additional lifecycle cost

	Implementation margin should be consistent with those of other UE categories
	Ability to re-use  existing UE designs may reduced


When considering the cost of modifying the implementation margin for low complexity UEs the above factors should be considered in the context of the total lifecycle cost of the category 0 UE not just the component cost of the design.

Observation #4
· No additional relaxation in REFSENS is required for bands 3, 8, 20 or 40 to support HD-FDD for low complexity UEs. 
Observation #5

· Testing of UEs is typically carried out for a 5 sigma budget as a worse case for the required specification. Tightening of the implementation margin requirement will require additional testing and result in a higher device failure rate, adding to the device test cost and reducing the device yield.
Observation #6
· Implementation margin is typically a function of the number of bands supported by the UE and it is likely that in the future this number will be higher which can negatively impact the implementation margin.

Observation #7
· Normally the main path of a UE receiver has a poorer NF than the diversity path since the main path has a duplexer and a transmit filter. This can result in the gain for a receive diversity receiver (i.e. with 2 paths) being more than 3 dB better than a single receive chain receiver.

Proposal #1
· As a first approximation, the reference sensitivity for a single receive chain FD-FDD low complexity UE employing bands 3, 8, 20, 40 and 41 can be adapted from the reference sensitivity value in Table 7.3.1-1 of TS36.101 [1] as a [3] dB reduction relative to the entries for these existing band classes. 
Proposal #2
· In order to enable low complexity UEs in the Release 12 timeframe it is proposed that a compromise additional implementation margin of [0.5] dB be imposed for Release 12 on the REFSENS requirements for a single receive chain FDD low complexity UE.

Proposal #3
· In order to enable low complexity UEs in the Release 12 timeframe it is proposed that the REFSENS requirements for a single receive chain HD-FDD low complexity UE be tightened by  [0.5] dB relative to the REFSENS requirements as for a single receive chain FD-FDD low complexity UE. 

The potentially impacted requirements are highlighted in the modified partial versions of Table 7.3.1-1 of TS36.101 [2] below for Category 0 single receiver FDD UE`s (Table 4) and Category 0 single receiver HD-FDD UE`s (Table 5)
Table 4: Proposed updates to QPSK Reference sensitivity in Table 7.3.1-1 of TS36.101 [2] for Cat 0, single Receiver FDD UE`s
	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

	3
	-99.2
	-96.2
	-94.5 
	-91.5
	-89.7
	-88.5
	FDD 

	8
	-99.7
	-96.7
	-94.5
	-91.5
	
	
	FDD 

	20
	
	
	-94.5
	-91.5
	-88.7
	-87.5
	FDD 

	40
	
	
	-97
	-94
	-92.2
	-91
	TDD

	41
	
	
	-95
	-92
	-90.2
	-89
	TDD

	NOTE 1:    The transmitter shall be set to PUMAX as defined in subclause 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.

NOTE 6:    6 indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 7:    For a UE that support both Band 18 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.


Table 5: Proposed updates to QPSK Reference sensitivity in Table 7.3.1-1 of TS36.101 [2] for Cat 0, single Receiver HD-FDD UE`s
	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

	3
	-99.7
	-96.7
	-95 
	-92
	-90.2
	-89
	HD-FDD

	8
	-100.2
	-97.2
	-95
	-92
	
	
	HD-FDD

	20
	
	
	-95
	-92
	-89.2
	-88
	HD-FDD

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	NOTE 1:    The transmitter shall be set to PUMAX as defined in subclause 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.

NOTE 6:    6 indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 7:    For a UE that support both Band 18 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.


3 Conclusion
This contribution has re-iterated the analysis of the band related RF requirements for a single receiver FDD and single receiver half-duplex low complexity UE implementation.  Specifically, a first approximation of the band related reference sensitivity requirement was addressed for bands 3, 8, 20, 40 and 41. The following observations and proposals were made

Observation #1
· 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 #2
· For a HD-FDD implementation, the typical switch insertion loss is on the order of 1 dB.
Observation #3
· The difference in receive sensitivity of a single receive chain FDD low complexity UE relative to the existing UE REFSENS requirements in TS36.101 will be on the order of 3 dB.
Observation #4
· No additional relaxation in REFSENS is required for bands 3, 8, 20 or 40 to support HD-FDD for low complexity UEs. 

Observation #5

· Testing of UEs is typically carried out for a 5 sigma budget as a worse case for the required specification. Tightening of the implementation margin requirement will require additional testing, adding to the device cost.
Observation #6
· Implementation margin is typically a function of the number of bands supported by the UE and it is likely that in the future this number will be higher which can negatively impact the implementation margin.

Observation #7
· Normally the main path of a UE receiver has a poorer NF than the diversity path since the main path has a duplexer and a transmit filter. This can result in the gain for a receive diversity receiver (i.e. with 2 paths) being more than 3 dB better than a single receive chain receiver.

Proposal #1
· As a first approximation, the reference sensitivity for a single receive chain FD-FDD low complexity UE employing bands 3, 8, 20, 40 and 41 can be adapted from the reference sensitivity value in Table 7.3.1-1 of TS36.101 [1] as a [3] dB reduction relative to the entries for these existing band classes. 
Proposal #2
· In order to enable low complexity UEs in the Release 12 timeframe it is proposed that a compromise additional implementation margin of [0.5] dB be imposed for Release 12 on the REFSENS requirements for a single receive chain FDD low complexity UE.
Proposal #3
· In order to enable low complexity UEs in the Release 12 timeframe it is proposed that the REFSENS requirements for a single receive chain HD-FDD low complexity UE be tightened by  [0.5] dB relative to the REFSENS requirements as for a single receive chain FD-FDD low complexity UE. 
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