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1. Introduction

The method of defining reference sensitivity for non-contiguous intra-band carrier aggregation with a single uplink carrier and two downlink carriers remains to be agreed.  Some agreements have been made in [1] and [2] with the objective of maintaining the Rel-8 reference sensitivity values by adjusting the uplink allocation size as well as location to minimize the impact of Tx noise.  In this contribution, we consider other aspects which may degrade reference sensitivity that have not been fully captured or quantified in the previous agreement, especially for the case with large sub-block gap and therefore narrow duplex separation between the PCC UL and the SCC DL.

2. Discussion

In previous discussions, it has been agreed that the reference sensitivity should be measured with the uplink allocation closest to the downlink.  There may be exceptions to this placement for the combination of wide uplink channels and a band with a narrow duplex gap due to the narrow-band emissions such as CIM5 which extend into the SCC DL band [3].  Furthermore, it has been agreed that the reference sensitivity value for the band and bandwidth from Rel-8 should be maintained, with the uplink allocation in the PCC reduced to minimize the impact of Tx noise at small duplex separation.  This is most relevant for large sub-block gap sizes where the duplex separation is approximately the duplex gap of the band summed with the bandwidth of the channel.
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Figure 1.  Reference sensitivity for non-contiguous intra-band CA with 1UL.
What these previous agreements fail to capture are the other impairments which may prevent reference sensitivity from being met, especially in the case of large sub-block gap.  These were first suggested in [4] where it is stated "to be revisited later in order to some other impairments that are not considered in this contribution, e.g., PLL noise." We have identified the following additional impairments -- receiver noise figure, receiver IM2 noise, LO phase noise from both the transmitter and receiver, where the transmitter is referring to the PCC UL transmitter and the receiver is referring to the SCC DL receiver.  

Analysis

· Receiver noise figure.  Due to the presence of the PCC UL at small frequency offset, the gain state of the LNA  in the receiver must be adjusted to a lower gain state in order that the LNA is not saturated.  In this lower gain state, the noise figure is higher.  We assume the noise figure of the receiver to be 5 dB.

· Receiver IM2 noise.  Also due to the presence of the PCC UL at small frequency offset, an additional in-band noise term is generated in the receiver caused by its second-order non-linearity.  We estimate the IIP2 to be 45 dBm for a frequency offset of approximately 20 to 25 MHz and a receive channel bandwidth of 5 or 10 MHz with the lowered gain state as described above.
· Transmitter LO phase noise.  Despite shrinking or shifting the location of the uplink allocation, the transmit LO is always placed in the center of the channel.  The phase noise from the LO of the transmitter leaks, across the duplexer, in-band into the receiver.  We estimate the phase noise of the transmitter's LO at this frequency offset to be -140 dBc/Hz.

· Receiver LO phase noise.  Similar to the transmitter, the LO in the receiver is also subject to phase noise which extends across to the transmitter.  In this case, the receiver LO phase noise downconverts the uplink signal in a reciprocal mixing product in-band into the receiver band generating another noise component.  We estimate the phase noise of the receiver's LO at this frequency offset to be -140 dBc/Hz.
· Other Tx noise sources.  While we have attempted to minimize the impact of the transmitter in the reference sensitivity test by shrinking the uplink allocation, at such a narrow duplex separation, there may still be significant noise from the transmitter.  The transmitter is designed to minimize noise in the receive band at large duplex separations.  For example, for Band 25, the Rx-Tx separation is 80 MHz.  At the very small Rx-Tx separations, as small as 20 MHz for CA_25A-25A, the transmitter noise may not be trivial.  However, in the interest of time and simplicity (all items for NC intra-band CA must be completed this meeting to have the feature included in Rel-11), we disregard this aspect in this paper, keeping in mind that these represent additional sources of degradation that have not been quantified here.
In analyzing the impact to reference sensitivity, we assume that for Band 25, the duplexer Rx isolation is 45 dB and Tx isolation is 50 dB.  This comes from a datasheet supplied by a leading component vendor as the guaranteed performance over temperature and process.  We use maximum ratio combining in the receiver with 10 dB isolation between the primary and secondary antennas.  With these parameters, we estimate that for the 5 MHz SCC DL channel, the LNA noise is -102.5 dBm, Tx noise into the receiver is -89.7 dBm, IM2 noise is -92.1 dBm, and Rx LO phase noise downconversion noise is -94 dBm.  Compared to a specified reference sensitivity for 5 MHz in Band 25 of -96.5 dBm, we anticipate a degraded reference sensitivity of -90.1 dBm.  Similarly, for the 10 MHz SCC DL channel, we anticipate a degraded reference sensitivity of -87.1 dBm compared to the specified value of -93.5 dBm.
Thus, we see a reference sensitivity degradation of 6.4 dB due to these additional noise contributors for NC intra-band CA in Band 25 with large sub-block gap.

Proposal

In [4], it was proposed that in addition to adjusting the PCC uplink allocation, that an additional reference sensitivity relaxation RNCIB be introduced.  In light of our findings in this paper, we support the proposal to introduce an additional reference sensitivity relaxation and we incorporate this term in the table below.  
Table 1: Intra-band non-contiguous CA uplink configuration and relaxation for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	BWgap / [MHz]
	PCC allocation
	ΔRNCIB (dB)
	Duplex mode

	CA_25A-25A
	25RB+25RB
	30.0 < BWgap ≤ 55.0
	[10]1
	[6.5]
	FDD

	
	
	0.0 < BWgap ≤ 30.0
	251
	0.0
	

	
	25RB+50RB
	25.0 < BWgap ≤ 50.0
	[10]1
	[6.5]
	

	
	
	0.0 < BWgap ≤ 25.0
	251
	0.0
	

	
	50RB+25RB
	15.0 < BWgap ≤ 50.0
	[10]4
	[6.5]
	

	
	
	0.0 < BWgap ≤ 15.0
	321
	0.0
	

	
	50RB+50RB
	10.0 < BWgap ≤ 45.0
	[10]4
	[6.5]
	

	
	
	0.0 < BWgap ≤ 10.0
	321
	0.0
	

	
	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.
NOTE 2:
BWgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=3.


3. Conclusion
In this contribution, additional information has been provided to derive the reference sensitivity requirements for non-contiguous intra-band carrier aggregation in Band 25.  In addition to adjusting the size and location of the uplink allocation, a relaxation term has been included for large sub-block gap sizes to account for other impairments identified.  A proposal for the reference sensitivity definition is provided for consideration.
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<<< Start of Text Proposal for TR 36.823 >>> 
6.2.3.2 

Reference sensitivity power level 

The proposal is to reuse the Rel-8 REFSENS requirements as much as possible. First, we take the REFSENS values specified in Rel-8 (Table 7.3.1-1 in TS 36.101) without any change. Second, we follow the same approach as we take for the UL configurations, i.e., define the REFSENS requirements based on the operating band and channel bandwidth. 
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Figure 6.2.3.2-1. UL configurations.

One difference is that the REFSENS requirements are also defined based on the sub-block gap. More specifically, the impact of transmitter leakage is considered by defining the UL configurations for NC intra-band CA.  Degradation of REFSENS from additional factors -- receiver noise figure, receiver IM2 noise, LO phase noise from both the transmitter and receiver, where the transmitter is referring to the PCC UL transmitter and the receiver is referring to the SCC DL receiver -- are treated in further discussion below.  




 

As shown in Figure 6.2.3.2-1 (Option 2), the carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band. As the default configuration, the UL resource blocks are located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth. If no UL resource block is allowed without desensitization, the UL resource allocation is shifted toward the far-off end of the UL operating band, as specified for Band 2. 

· Proposal 1: The UL configurations are defined as a function of sub-block gap so as to avoid the desensitization due to transmitter leakage.

· Proposal 1-1: As the default configuration, the UL resource blocks are located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth.

· Proposal 1-2: If no UL resource block is allowed without desensitization, the UL resource allocation is shifted toward the far-off end of the UL operating band.

The amount of transmitter leakage on the DL carrier closer to the UL operating band (DL SCC) is evaluated for Band 25 as a function of sub-block gap in Figure 6.2.3.2-2 through Figure 6.2.3.2-5  with respect to bandwidth combination. The transmitter leakage is measured at the output of duplexer (on the receiver side). The simulation parameters are set as follows:

· PA operating point: UTRA_ACLR1 satisfied at full output power for all allocations and all bandwidths using QPSK.

· Counter IM3: 60 dB

· IQ image: 25 dB

· Carrier leakage: 25 dB 

· Duplexer attenuation: 50 dB

· Insertion loss: 3 dB

· Noise floor: -140 dBm/Hz at the PA output

The UL configurations set the maximum allowable number of UL resource blocks so as to avoid desensitization due to transmitter leakage. More specifically, the maximum allowable number of UL resource blocks should be set such that the transmitter leakage is kept below -109 dBm and -106 dBm for 5 MHz DL carrier (25RB + 25RB, 50RB + 25RB) and 10 MHz DL carrier (25RB + 50RB, 50RB + 50RB), respectively. If no UL resource block is allowed without desensitization, the UL resource allocation is shifted toward the far-off end of the UL operating band. For example, in Figure 6.2.3.2-2, if the sub-block gap is smaller than 30 MHz, the maximum allowable number of UL resource blocks is set to 25 and the transmitter leakge is kept below -109 dBm. If the sub-block gap is larger than 30 MHz and smaller than 45 MHz, the maximum allowable number of UL resource blocks is set to 15. If the sub-block gap is larger than 45 MHz and smaller than 55 MHz, the maximum allowable number of UL resource blocks is set to 5 with 
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. Note that the sub-block gap is upper-bounded by 55 MHz, since the duplexer gap is 15 MHz for Band 25. 
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Figure 6.2.3.2-2. TX leakage amount: 25RB + 25RB. 
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Figure 6.2.3.2-3. TX leakage amount: 25RB + 50RB. 
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Figure 6.2.3.2-4. TX leakage amount: 50RB + 25RB.
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Figure 6.2.3.2-5. TX leakage amount: 50RB + 50RB.
Additional impairments beyond PA spectral regrowth have been identified to degrade reference sensitivity in the case of large sub-block gap.  These include increased receiver noise figure, receiver IM2 noise, transmitter and receiver LO phase noise, and other transmitter noise sources.
· Receiver noise figure.  Due to the presence of the PCC UL at small frequency offset, the gain state of the LNA  in the receiver must be adjusted to a lower gain state in order that the LNA is not saturated.  In this lower gain state, the noise figure is higher.  We assume the noise figure of the receiver to be 5 dB.

· Receiver IM2 noise.  Also due to the presence of the PCC UL at small frequency offset, an additional in-band noise term is generated in the receiver caused by its second-order non-linearity.  We estimate the IIP2 to be 45 dBm for a frequency offset of approximately 20 to 25 MHz and a receive channel bandwidth of 5 or 10 MHz with the lowered gain state as described above.

· Transmitter LO phase noise.  Despite shrinking or shifting the location of the uplink allocation, the transmit LO is always placed in the center of the channel.  The phase noise from the LO of the transmitter leaks, across the duplexer, in-band into the receiver.  We estimate the phase noise of the transmitter's LO at this frequency offset to be -140 dBc/Hz.

· Receiver LO phase noise.  Similar to the transmitter, the LO in the receiver is also subject to phase noise which extends across to the transmitter.  In this case, the receiver LO phase noise downconverts the uplink signal in a reciprocal mixing product in-band into the receiver band generating another noise component.  We estimate the phase noise of the receiver's LO at this frequency offset to be -140 dBc/Hz.

· Other Tx noise sources.  While we have attempted to minimize the impact of the transmitter in the reference sensitivity test by shrinking the uplink allocation, at such a narrow duplex separation, there may still be significant noise from the transmitter.  The transmitter is designed to minimize noise in the receive band at large duplex separations.  For example, for Band 25, the Rx-Tx separation is 80 MHz.  At the very small Rx-Tx separations, as small as 20 MHz for CA_25A-25A, the transmitter noise may not be trivial.  However, in the interest of time and simplicity (all items for NC intra-band CA must be completed this meeting to have the feature included in Rel-11), we disregard this aspect in this paper, keeping in mind that these represent additional sources of degradation that have not been quantified here.

In analyzing the impact to reference sensitivity, we assume that for Band 25, the duplexer Rx isolation is 45 dB and Tx isolation is 50 dB.  This comes from a datasheet supplied by a leading component vendor as the guaranteed performance over temperature and process.  We use maximum ratio combining in the receiver with 10 dB isolation between the primary and secondary antennas.  With these parameters, we estimate that for the 5 MHz SCC DL channel, the LNA noise is -102.5 dBm, Tx noise into the receiver is -89.7 dBm, IM2 noise is -92.1 dBm, and Rx LO phase noise downconversion noise is -94 dBm.  Compared to a specified reference sensitivity for 5 MHz in Band 25 of -96.5 dBm, we anticipate a degraded reference sensitivity of -90.1 dBm.  Similarly, for the 10 MHz SCC DL channel, we anticipate a degraded reference sensitivity of -87.1 dBm compared to the specified value of -93.5 dBm.

Thus, we see a reference sensitivity degradation of 6.4 dB due to these additional noise contributors for NC intra-band CA in Band 25 with large sub-block gap.

<<< Unchanged sections omitted >>> 
<<< Start of changes for Annex A, TR 36.823 >>> 
7.3.1A

Minimum requirements (QPSK) for CA

For inter-band carrier aggregation with uplink assigned to one E-UTRA band the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1-2. The reference sensitivity is defined to be met with both downlink component carriers active and either of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1.

For intra-band contiguous carrier aggregation the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1A-1. Table 7.3.1A-1 specifies the maximum number of allocated uplink resource blocks for which the intra-band contiguous carrier aggregation reference sensitivity requirement shall be met. The PCC and SCC allocations follow Table 7.3.1-2 and form a contiguous allocation where TX–RX frequency separations are as defined in Table 5.7.4-1. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2.

Table 7.3.1A-1: Intra-band CA uplink configuration for reference sensitivity

	CA configuration / CC combination / NRB_agg / Duplex mode

	CA configuration
	100RB+50RB
	75RB+75RB
	100RB+75RB
	100RB+100RB
	Duplex Mode

	CA_1C
	n/a
	n/a
	PCC
	SCC
	n/a
	n/a
	PCC
	SCC
	FDD

	
	n/a
	n/a
	75
	55
	n/a
	n/a
	100
	30
	

	CA_40C
	PCC
	SCC
	PCC
	SCC
	n/a
	n/a
	PCC
	SCC
	TDD

	
	100
	50
	75
	75
	n/a
	n/a
	100
	100
	

	CA_41C
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	TDD

	
	100
	50
	75
	75
	100
	75
	100
	100
	

	NOTE 1:
The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 2: 
The transmitted power over both PCC and SCC shall be set to PUMAX as defined in subclause 6.2.5.
NOTE 3: 
The UL resource blocks in both PCC and SCC shall be confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


For intra-band non-contiguous carrier aggregation with one uplink carrier on the PCC, the throughput of each downlink component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1. The reference sensitivity is defined to be met with both downlink component carriers active and one uplink carrier active. For reference sensitivity measured on the downlink  PCC, the parameters in Table 7.3.1-2 apply.  For reference sensitivity measured on the downlink SCC, the parameters in Table 7.3.1A-3 apply.  The reference sensitivity given in Table 7.3.1-1 shall be increased by the amount given by RNCIB in Table 7.3.1A-3 for the downlink SCC.
Table 7.3.1A-3: Intra-band non-contiguous CA uplink configuration and relaxation for reference sensitivity

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	






	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	BWgap / [MHz]
	PCC allocation
	ΔRNCIB (dB)
	Duplex mode

	CA_25A-25A
	25RB+25RB
	30.0 < BWgap ≤ 55.0
	[10]1
	[6.5]
	FDD

	
	
	0.0 < BWgap ≤ 30.0
	251
	0.0
	

	
	25RB+50RB
	25.0 < BWgap ≤ 50.0
	[10]1
	[6.5]
	

	
	
	0.0 < BWgap ≤ 25.0
	251
	0.0
	

	
	50RB+25RB
	15.0 < BWgap ≤ 50.0
	[10]4
	[6.5]
	

	
	
	0.0 < BWgap ≤ 15.0
	321
	0.0
	

	
	50RB+50RB
	10.0 < BWgap ≤ 45.0
	[10]4
	[6.5]
	

	
	
	0.0 < BWgap ≤ 10.0
	321
	0.0
	

	
	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.
NOTE 2:
BWgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=3.


<<< End of changes >>> 
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