3GPP TSG-RAN WG4 Meeting #70bis 
R4-141683
San Jose del Cabo, Mexico, 31 Mar – 4 Apr , 2014
Source: 
Huawei
Title: 
Single RX impact on reference sensitivity for MTC UE
Agenda Item:
7.4.2
Document for:
Approval
1 Introduction

Discussion on reference sensitivity of MTC UE was provided in previous RAN4 meetings. This contribution continues to discuss details on how to define reference sensitivity given the capability of low cost MTC UE.

2 Discussion

Reference sensitivity in current specification is known to be defined as below:
Reference sensitivity = -174+10logBW+NF+diversity gain (3dB) + IM (2.5dB) +SNR (for single RX)
For MTC category 0 UE, each parameter in the formula due to capability limitations are:

· The BW to calculate noise floor needs to be changed according to the reduced downlink bandwidth for data; 

· There is no diversity gain for single RX;
· Implementation margin could be improved to 2dB for single RX chain because the margin for diversity gain does not need to be considered;

· Required SNR is expected to be unchanged for each RX.
· Whether existing NF could be unchanged for full duplex FDD is discussed below. 
Noise figure for each band is highly related to transmitter noise which is also related to the uplink and downlink configuration and location. 

Uplink resource blocks are allocated as close as possible to the downlink operating band within the transmission bandwidth configuration to reflect the worst transmitter impact on sensitivity in rel-8. But if taking into account the worst case for downlink resource blocks location, two options may contradict each other:

· One option is to locate the 6RBs in the centre of the channel bandwidth if considering IM2 impact, like in Figure 1 b),

· The other option is to locate the 6RBs as close as possible to the uplink operating band if considering transmitter impact, like in Figure 1 c);

Actually this kind of contradiction also exists in current sensitivity requirement. If the UL configured as many RB as possible, the transmitter emission noise will have more impact. But if the UL configured smaller RBs, the IM2 may have more significant impact than transmitter noise (as noted in section 4.2 in TS 36.101). Below we assume the UL configuration follows the same principle in Rel-8 and have as many RB as possible. 
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Figure 1 UL and DL configuration for reference sensitivity requirement

The relaxation due to IM2 impact was accepted only for 1.4MHz and 3MHz LTE bandwidth and the degradation values has a minor difference for each band because of different duplex gap. IP2 product impact could be overlooked when TX RB number is larger than 25RBs. 1000 bits TBS limitation could possibly generate maximum of 36 RBs, so for large channel bandwidth of MTC UE, further impact due to IM2 issue is not expected if the 6RBs located in the centre of the channel bandwidth. Therefore, to avoid possible increase of TX emission, downlink RBs are proposed to continuously locate in the centre of the channel bandwidth and the NF for other category UE also could be reused for category 0 UE for MTC.
For Band 3, Band 8 and Band 20, reference sensitivity is specified in TS36.101 as below. The noise figure for each channel bandwidth could be reused for MTC category 0 UE when the downlink 6RBs is located at the centre of the carrier.
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

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

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD


Based on the analysis, the reference sensitivity for these three bands could be specified as:

Table 1: Reference sensitivity QPSK PREFSENS for full duplex FDD Category 0 UE
	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
	-96.2-10log(15/X)
	-94.5-10log(25/X)
	-91.5-10log(50/X)
	-89.7-10log(75/X)
	-88.5-10log(100/X)
	FDD

	8
	-99.7
	-96.7-10log(15/X)
	-94.5-10log(25/X)
	-91.5-10log(50/X)
	
	
	FDD

	20
	
	
	-94.5-10log(25/X)
	-91.5-10log(50/X)
	-88.7-10log(75/X)
	-87.5-10log(100/X)
	FDD

	Note: X denotes the number of DL RB for data and should be calculated after it is fixed.


References
[1] R4-134689, “Initial discussion on REFSENS for low cost MTC UE”, Huawei

[2] R4-136015, “Discussion on reference measurement channel for MTC UE”, Huawei
[3] R4-136013, “Discussion on introduction of MTC features”, Huawei
[4] R4-091800, “Rx IP2 performance”, Motorola
[5] R4-136016, “Discussion on reference sensitivity for MTC UE”, Huawei
Text Proposal
4
UE RF aspects
4.1
Reduced PDSCH bandwidth support
4.2
UE single receive antenna support
Reference sensitivity in current specification is known to be defined as below:
Reference sensitivity = -174+10logBW+NF+diversity gain (3dB) + IM (2.5dB) +SNR (for single RX)
For MTC category 0 UE, each parameter in the formula due to capability limitations are:

· The BW to calculate noise floor needs to be changed according to the reduced downlink bandwidth for data; 

· There is no diversity gain for single RX;
· Implementation margin could be improved to 2dB for single RX chain because the margin for diversity gain does not need to be considered;

· Required SNR is expected to be unchanged for each RX.

· Whether existing NF could be unchanged for full duplex FDD is discussed below. 
Noise figure for each band is highly related to transmitter noise which is also related to the uplink and downlink configuration and location. 

Uplink resource blocks are allocated as close as possible to the downlink operating band within the transmission bandwidth configuration to reflect the worst transmitter impact on sensitivity in rel-8. But if taking into account the worst case for downlink resource blocks location, two options may contradict each other:

· One option is to locate the 6RBs in the centre of the channel bandwidth if considering IM2 impact, like in Figure 1 b),

· The other option is to locate the 6RBs as close as possible to the uplink operating band if considering transmitter impact, like in Figure 1 c);

Actually this kind of contradiction also exists in current sensitivity requirement. If the UL configured as many RB as possible, the transmitter emission noise will have more impact. But if the UL configured smaller RBs, the IM2 may have more significant impact than transmitter noise (as noted in section 4.2 in TS 36.101). Below we assume the UL configuration follows the same principle in Rel-8 and have as many RB as possible. 
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Figure 1 UL and DL configuration for reference sensitivity requirement

The relaxation due to IM2 impact was accepted only for 1.4MHz and 3MHz LTE bandwidth and the degradation values has a minor difference for each band because of different duplex gap. IP2 product impact could be overlooked when TX RB number is larger than 25RBs. 1000 bits TBS limitation could possibly generate maximum of 36 RBs, so for large channel bandwidth of MTC UE, further impact due to IM2 issue is not expected if the 6RBs located in the centre of the channel bandwidth. Therefore, to avoid possible increase of TX emission, downlink RBs are proposed to continuously locate in the centre of the channel bandwidth and the NF for other category UE also could be reused for category 0 UE for MTC.
For Band 3, Band 8 and Band 20, reference sensitivity is specified in TS36.101 as below. The noise figure for each channel bandwidth could be reused for MTC category 0 UE when the downlink 6RBs is located at the centre of the carrier.

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

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

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD


Based on the analysis, the reference sensitivity for these three bands could be specified as:

Table 1: Reference sensitivity QPSK PREFSENS for full duplex FDD Category 0 UE
	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
	-96.2-10log(15/X)
	-94.5-10log(25/X)
	-91.5-10log(50/X)
	-89.7-10log(75/X)
	-88.5-10log(100/X)
	FDD

	8
	-99.7
	-96.7-10log(15/X)
	-94.5-10log(25/X)
	-91.5-10log(50/X)
	
	
	FDD

	20
	
	
	-94.5-10log(25/X)
	-91.5-10log(50/X)
	-88.7-10log(75/X)
	-87.5-10log(100/X)
	FDD

	Note: X denotes the number of DL RB for data and should be calculated after it is fixed.


4.3
Half Duplex FDD operation

4.x
(reserved for potential impacts for coverage enhancement support)
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