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1. Introduction

A work item [1] was recently agreed to define requirements for a single Rx category 1 inspired device.  The primary impact to RF specifications is reference sensitivity.  This contribution provides a discussion of reference sensitivity.
2. Discussion  
RF core requirements have already been defined for single receiver in the context of category 0 and category M1 devices.  In fact, the objective in the WID specifically states

· Specify RF receiver core requirements for Category 1 UE with a single receiver [RAN4]

· Previous work for Category 0 UE should be leveraged

2.1. Reference sensitivity

For the 1RxCat1 UE, it is not expected that there are any Tx specification changes required.  Therefore, we consider only the potential Rx RF core requirements.  As described in [2], it is expected that reference sensitivity will be impacted since only a single receiver is available.  Most other RF Rx requirements are indirectly impacted since they have a dependency on reference sensitivity.  For example, wanted signal power and interferer signal power is often specified relative to reference sensitivity in blocker specifications.  
Because only a single receiver is present, it is expected that reference sensitivity would be degraded for such a device compared to a traditional class 1 device with two receivers.  In fact, it can be argued that the difference in reference sensitivity in an AWGN channel is 3 dB.  However, an extended discussion led to an agreement that there are more factors involved than the simple SNR combining gain of two receivers over one.  Ultimately, reference sensitivity for Cat0 devices included a compromise that considered not only the SNR gain but also available margins in the specified 2Rx requirements.  Without reopening those discussions, the agreement for Cat0 devices is reference sensitivity that is 2.5 dB or 3 dB degraded for 1Rx compared to 2Rx [3].  Current reference sensitivity for Cat0 is shown below.
Table 7.3.1E-1A: Reference sensitivity for FDD and TDD UE category 0 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

	2
	-100.2
	-97.2
	-95.5
	-92.5
	-90.7
	-89.5
	FDD

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

	4
	-102.2
	-99.2
	-97.5
	-94.5
	-92.7
	-91.5
	FDD

	5
	-100.7
	-97.7
	-95.5
	-92.5
	
	
	FDD

	8
	-99.7
	-96.7
	-94.5
	-91.5
	
	
	FDD

	13
	
	
	-94
	-91
	
	
	FDD

	20
	
	
	-94.5
	-91.5
	-88.2
	-87
	FDD

	39
	
	
	-97.5
	-94.5
	-92.7
	-91.5
	TDD

	41
	
	
	-95.5
	-92.5
	-90.7
	-89.5
	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


It can be seen by careful observation that the difference in reference sensitivity between 1Rx and 2Rx is 2.5 dB for Bands 2, 3, 4, 5, 8, 20 (for 5, 10, 15 MHz), 39 and 41, and 3 dB for Bands 13 and 20 (for 20 MHz).
The uplink configuration for Cat0 reference sensitivity is shown below
Table 7.3.1E-2: FDD and TDD UE category 0 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
	[361]
	[361]
	[361]
	FDD and HD-FDD

	3
	6 
	15 
	25
	[361]
	[361]
	[361]
	FDD and HD-FDD

	4
	6
	15
	25
	[361]
	[361]
	[361]
	FDD and HD-FDD

	5
	6
	15
	25
	[251]
	
	
	FDD and HD-FDD

	8
	6 
	15
	25
	251
	
	
	FDD and HD-FDD

	13
	
	
	201
	[201]
	
	
	FDD and HD-FDD

	20
	
	
	25
	201
	202
	202
	FDD and HD-FDD

	39
	
	
	25
	[361]
	[361]
	[361]
	TDD

	41
	
	
	25
	[361]
	[361]
	[361]
	TDD

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 

NOTE 2:
2 refers to Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart 16.


It can be seen that the uplink configuration is bounded by 36 RB’s for Cat0 devices.  This is due to the limited packet size supported by the low data rate Cat0 devices.  However, for 1RxCat1 devices, the supported data rates are expected to be higher so that the limitation of 36 RB’s should not apply.  In fact, it is proposed that the uplink configuration for 1RxCat1 devices be specified to be the same as for LTE.  This implies that there would be greater Tx noise impacting the reference sensitivity for 1Rx in FDD bands, particularly since the single Rx port is shared betwee Tx and Rx and there is no diversity receiver.  Thus, it can be expected that the reference sensitivity will be slightly degraded for the 1RxCat1 device compared to the Cat0 devices for those bands and bandwidths where the uplink configuration exceeds 36 RB’s.
2.2. Proposal

In keeping consistency with the agreed deltas of 2.5 dB and 3 dB between 2Rx and 1Rx, we propose that for those FDD band and bandwidths where the uplink configuration exceeds 36 dB’s, a delta in reference sensitivity of 3 dB shall be applied for 1RxCat1.  For TDD bands, the reference sensitivity for 1RxCat1 is the same as for Cat0.
Table 7.3.1x-1x: Reference sensitivity for FDD and TDD UE single receivercategory 1 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

	2
	-100.2
	-97.2
	-95.5
	-92
	-90.2
	-89
	FDD

	3
	-99.2
	-96.2
	-94.5
	-91
	-89.2
	-88
	FDD

	4
	-102.2
	-99.2
	-97.5
	-94
	-92.2
	-91
	FDD

	5
	-100.7
	-97.7
	-95.5
	-92.5
	
	
	FDD

	8
	-99.7
	-96.7
	-94.5
	-91.5
	
	
	FDD

	13
	
	
	-94
	-91
	
	
	FDD

	20
	
	
	-94.5
	-91.5
	-88.2
	-87
	FDD

	39
	
	
	-97.5
	-94.5
	-92.7
	-91.5
	TDD

	41
	
	
	-95.5
	-92.5
	-90.7
	-89.5
	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


Table 7.3.1x-2: FDD and TDD UE single receiver category 1 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
	50
	50
	FDD 

	3
	6 
	15 
	25
	50
	50
	50
	FDD 

	4
	6
	15
	25
	50
	75
	100
	FDD 

	5
	6
	15
	25
	[251]
	
	
	FDD 

	8
	6 
	15
	25
	251
	
	
	FDD 

	13
	
	
	201
	[201]
	
	
	FDD 

	20
	
	
	25
	201
	202
	202
	FDD 

	39
	
	
	25
	50
	75
	100
	TDD

	41
	
	
	25
	50
	75
	100
	TDD

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 

NOTE 2:
2 refers to Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart 16.


Note that this proposal only refers to the technical requirements for reference sensitivity for 1RxCat1.  Although they are shown here in separate tables for 1RxCat1, how these requirements are captured in the 36.101 specification, whether they are captured in a separate sub-clause or in separate tables is still for consideration.

3. Conclusion
In this contribution, reference sensitivity for the single receiver category-1 inspired device is proposed.  It is proposed to start from the reference sensitivity for MTC Cat0 devices as already defined, however, to extend the uplink configuration beyond 36 RB’s.  For FDD bands, this results in an increase in Tx noise so we propose to adjust reference sensitivity by 0.5 dB for those bands and bandwidths to compensate.  This is similar to the 0.5 dB adjustment to reference sensitivty for other MTC Cat0 bands and bandwidths where additional noise or challenge was observed.
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