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1. Introduction

In this contribution, we evaluate an approach to define reference sensitivity for non-contiguous intra-band carrier aggregation with single uplink and dual downlink carriers.  Band 25 is used as the example band for this analysis.
2. Discussion

Issues to be considered in defining reference sensitivity for non-contiguous intra-band CA have been described in [1] - [4], with a way forward agreed in [5].  In the way forward, it is agreed that for single UL reference sensitivity, the uplink PCC should be on the highest channel in the band with the uplink allocation in the worst case location closest to the downlink as illustrated in Figure 1.
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Figure 1.  Reference sensitivity for non-contiguous intra-band CA with 1UL.
Reference sensitivity requirements are then to be defined as a function of the sub-block gap, which is directly related to the separation between the PCC uplink and SCC downlink.  With the largest sub-block gap, the separation between Tx and Rx is as small as the duplex gap; for the case of Band 25, this is 15 MHz.  As the sub-block gap is reduced, for example by moving the SCC channel upwards in frequency, the separation between Tx and Rx increases and we can expect that better reference sensitivity can be achieved.  For this analysis and as implicitly assumed by the agreed way forward, the reference sensitivity is a function of the sub-block gap, or the carrier separation, without regard to the actual location of the carriers within the band.  Therefore, it is assumed that parameters such as transmitter noise and spurious products are independent of frequency and are only a function of bandwidth and frequency separation.  Furthermore, filter isolation is assumed to be constant across the band.  We agree these to be reasonable assumptions in defining reference sensitivity specifications.  We consider two aspects in the following analysis.  The first is the impact of wideband emissions to reference sensitivity and the second is the impact of spurious products formed by narrowband uplink allocations.

Wideband emissions

The impact of transmitter spectral regrowth on reference sensitivity has been studied extensively and is well recognized.  There are two ways to handle the transmitter spectral regrowth -- the first is to allow a degradation to reference sensitivity resulting from increased noise seen at the receiver, while the second is to shrink the uplink allocation for the purpose of reference sensitivity testing to minimize the influence of transmitter noise.  

We have simulated the PA emissions in Band 25 with an uplink PCC bandwidth of 5 and 10 MHz and the downlink SCC bandwidth of 5 MHz, as a function of sub-block gap size in increments of 5 MHz.  The results are shown below in Figure 1.
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Figure 2.  Simulated transmitter noise from PCC UL into SCC DL for CA_25.

In this figure, the duplex offset is defined to be the separation from the center frequency of the PCC UL to the center frequency of the SCC downlink.  The sub-block gap, defined as the separation from the closest edges of the PCC DL channel to SCC DL channel, can be derived directly from this duplex offset by taking into account the passband bandwidth of 65 MHz and the duplex gap of 15 MHz in Band 25.  The noise is measured at the output of the PA over the receiver channel bandwidth of the SCC downlink and is reported in normalized units of dBm/Hz.  For these results, a full uplink allocation was simulated; that is, 25 RB's for 5 MHz PCC and 50 RB's for 10 MHz PCC.  As expected, the noise is greatest when the duplex offset is small, or equivalently, when the sub-block gap is large.  
Applying these transmitter noise simulation results, we estimate the reference sensitivity impact.  In the analysis, we have assumed the following parameters
Table 1.  Parameters for estimating reference sensitivity

	Parameter
	Value

	Duplexer Rx isolation
	45 dB

	LNA noise figure
	3 dB

	Primary to diversity antenna isolation
	10 dB

	Demod implementation margin
	2 dB

	Receiver IIP2 (varies with offset)
	42 - 55 dB

	Combiner algorithm
	MRC


It was found that in the worst case channel placement with the largest sub-block gap, the reference sensitivity is degraded by 14.5 dB for the 5 MHz PCC and by 28.2 dB for the 10 MHz PCC.  It was also found that reference sensitivity is not degraded when the sub-block gap is reduced to approximately 30 MHz for the 5 MHz PCC.  For the  10 MHz PCC, the band is not wide enough to separate the PCC UL from SCC DL so that there is always reference sensitivity degradation for 50 RB uplink, even if the sub-block gap is reduced to zero.  
An alternative formulation for reference sensitivity is to reduce the uplink allocation, but maintain the reference sensitivity value.  It has been observed in [6] that specifying normalized frequency separation between uplink and downlink is a simple and effective way to minimize the impact of transmitter noise on reference sensitivity.  A normalized separation of approximately eight has been proposed.  Similarly, in [1], it was proposed that the normalized maximum bandwidth be restricted to 0.75 RB's per MHz of separation between the edge of the uplink and the edge of the downlink.  These formulations are useful to predict the impact of transmitter spectral regrowth, but do not include the effect of receiver IM2 performance.    Therefore, the uplink allocations as shown in Figure 2 may be optimistic, especially for large sub-block gap sizes.  Furthermore, the analysis on reference sensitivity does not include the impact of the RF front-end architecture where it has been assumed that the output from a single LNA is split into two receive chains [7].  The effect of splitting the LNA output into two chains may degrade the noise figure of the receiver front-end leading to worse reference sensitivity.  We have not explicitly taken this factor into account in the analysis, but take a slightly more conservative approach to defining the reference sensitivity parameters bearing this in mind.
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Figure 3.  Uplink PCC allocation to meet reference sensitivity for CA_25 (5 MHz SCC).
Narrowband emissions

Due to the small duplex offset between the PCC uplink and the SCC downlink, it is also necessary to consider spurious products which may be formed by narrowband uplink transmissions.  While transmitter spectral regrowth may be controlled by reducing the uplink allocation as described in the previous section, spurious products formed in the transmitter from CIM3 or CIM5 may degrade receiver performance as well [2].  It was noted in [3] that for the particular CA_25 configuration, CIM3 products do not reach the SCC receive band due to the duplex offset of at least 15 MHz and the fact that only 5 and 10 MHz channels are defined for non-contiguous intra-band carrier aggregation in Band 25.  However, CIM5 products can reach for 10 MHz PCC uplink channels when the sub-block gap is large.  Furthermore, since reference sensitivity is expected to be met with uplink allocations equal to or smaller than those specified in Table 7.3.1-2 of 36.101 for example, then is expected that narrow allocations will not degrade reference sensitivity.  Note that a similar discussion took place for the definition of reference sensitivity for Band 20 [8].
Considering up to 5th order spurious products, the channel configurations affected for CA_25 are 10 MHz PCC paired with either 5 or 10 MHz SCC.  For these configurations, the spurious products only affect reference sensitivity when the sub-block gap is 47 - 50 MHz for the 5 MHz SCC, or 42 - 45 MHz for the 10 MHz SCC.  For these corner cases, we propose to shift the uplink allocation slightly away from the upper edge of the PCC uplink channel to avoid the 5th order products falling into the SCC receive band.  We estimate that a shift of 3 RB's away from the channel edge will be sufficient to avoid the 5th order products.  
Given that we propose to avoid the 3 upper-most RB's in the PCC uplink for the purpose of the reference sensitivity requirement, one question that arises is whether over-provisioning of the PUCCH region is required.  Such a procedure could be complicated by the fact that both single carrier and carrier aggregation devices may be operating in the cell, where restrictions may only be necessary for the UE with activated SCC.  In our opinion, PUCCH over-provisioning is not necessary for this corner case.  PUCCH over-provisioning is occasionally required in the case of emissions violations which may exceed regulatory limits.  This is not the case here.  In this case, the uplink is shifted only for the purpose of testing the reference sensitivity requirement and therefore only applies for a limited number of practical scenarios where the PCC is configured for 10 MHz and the carrier placement is such that the sub-block gap is very large.  Even in this configuration, the issue is only exposed at cell edge conditions where the received power on the SCC is at or near sensitivity level.  For this corner condition, we do see the need to recommend PUCCH over-provisioning.
Specification proposal

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 non-contiguous intra-band carrier aggregation with single uplink on the PCC, the throughput on 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).   The reference sensitivity requirement is defined to be met with both PCC and SCC downlink component carriers active and the PCC uplink carrier active.  For reference sensitivity measured on the downlink  PCC, the parameters in Tables 7.3.1-1 and 7.3.1-2 apply.  For reference sensitivity measured on the downlink SCC, the parameters in Tables 7.3.1-1 and 7.3.1A-2 apply.  
Table 7.3.1A-2: Non-contiguous Intra-band CA uplink configuration for SCC REFSENS with 1 UL
	CA configuration
	CC combination (PCC+SCC)
	Sub-block Gap 
	PCC UL configuration (RB's)

	CA_25A-25A
	5 MHz + 5 MHz
	≤ 30 MHz
	[25]

	
	
	>30 MHz and ≤45 MHz
	[16]

	
	
	> 45 MHz and ≤ 55 MHz
	[10]

	
	5 MHz + 10 MHz
	≤ 30 MHz
	[25]

	
	
	> 30 MHz and ≤ 40 MHz
	[16]

	
	
	> 40 MHz and ≤ 50 MHz
	[10]

	
	10 MHz + 5 MHz
	≤ 15 MHz
	[32]

	
	
	> 15 MHz and ≤ 35 MHz
	[20]

	
	
	>  35 MHz and ≤ 47 MHz
	[12]

	
	
	> 47 MHz and ≤ 50 MHz
	[10]4

	
	10 MHz + 10 MHz
	≤ 15 MHz
	[32]

	
	
	> 15 MHz and ≤ 35 MHz
	[18]

	
	
	> 35 MHz  and ≤ 42 MHz
	[12]

	
	
	> 42 MHz and ≤ 45 MHz
	[10]4

	NOTE 1:   The requirements in this table shall apply for non-contiguous intra-band carrier aggregation with a single active uplink on the PCC and simultaneously active downlinks on the PCC and the SCC.  The downlink SCC shall be placed in the gap between the PCC uplink and downlink. 
NOTE 2:   The transmit power on the PCC shall be set to PUMAX as defined in subclause 6.2.5.
NOTE 3:
The UL resource blocks on the PCC shall be located as close as possible to the downlink SCC channel but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).
NOTE 4: 
As an exception to Note 1, for the CA_25A-25A configuration with bandwidth combinations 10 MHz + 5 MHz, duplex gap > 47 MHz and 10 MHz + 10 MHz, duplex gap > 42 MHz, the uplink resource blocks shall be located at RBstart [37].



3. Conclusion
Reference sensitivity for non-contiguous intra-band carrier aggregation with 1UL has been agreed to be defined as a function of the sub-block gap.  A number of factors can lead to degradation in the reference sensitivity of the SCC downlink including PCC uplink transmitter spectral regrowth, transmitter spurious products, receiver second-order non-linearity, and increased receiver noise figure due to the signal splitter at the output of the LNA.  In most cases, the dominant mechanism is the transmitter spectral regrowth.  We have proposed that the PCC uplink allocation be adjusted to minimize the impact of transmitter spectral regrowth from obscuring the reference sensitivity measurement.  For some additional cases in the CA_25A-25A configuration, which is used as the example scenario, additional measures are required to avoid 5th order baseband products from degrading reference sensitivity.  A proposal for reference sensitivity definition based on these findings is offered for consideration.
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<<< Start of Text Proposal for TR 36.823 >>> 
6.2.3 Receiver characteristics

6.2.3.1 Reference Receiver Architecture

In NC-intraband operation UE must be able to receive two separate carriers located arbitrarily within a frequency band. If same deployment scenario assumptions apply as for single carrier operation it means that the power difference between adjacent carriers can be up to 33 dB as specified in 36.101. In order to have comparable performance to single carrier operation two separate receiver chains are assumed, see Fig 6.2.3.1-1.

Further studies are needed on what impact the division of the signal chain has on receiver noise figure.
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Figure 6.2.3.1-1 Reference receiver architecture

6.2.3.1 Reference sensitivity
It has been agreed that for single UL reference sensitivity, the uplink PCC should be on the highest channel in the band with the uplink allocation in the worst case location closest to the downlink as illustrated in Figure 6.2.3.1-1.
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Figure 6.2.3.1-1.  Reference sensitivity for non-contiguous intra-band CA with 1UL.

Reference sensitivity requirements are then to be defined as a function of the sub-block gap, which is directly related to the separation between the PCC uplink and SCC downlink.  With the largest sub-block gap, the separation between Tx and Rx is as small as the duplex gap; for the case of Band 25, this is 15 MHz.  As the sub-block gap is reduced, for example by moving the SCC channel upwards in frequency, the separation between Tx and Rx increases and we can expect that better reference sensitivity can be achieved.  For this analysis and as implicitly assumed by the agreed way forward, the reference sensitivity is a function of the sub-block gap, or the carrier separation, without regard to the actual location of the carriers within the band.  Therefore, it is assumed that parameters such as transmitter noise and spurious products are independent of frequency and are only a function of bandwidth and frequency separation.  Furthermore, filter isolation is assumed to be constant across the band.  We agree these to be reasonable assumptions in defining reference sensitivity specifications.  We consider two aspects in the following analysis.  The first is the impact of wideband emissions to reference sensitivity and the second is the impact of spurious products formed by narrowband uplink allocations.

6.2.3.1.1 Wideband emissions
The impact of transmitter spectral regrowth on reference sensitivity has been studied extensively and is well recognized.  There are two ways to handle the transmitter spectral regrowth -- the first is to allow a degradation to reference sensitivity resulting from increased noise seen at the receiver, while the second is to shrink the uplink allocation for the purpose of reference sensitivity testing to minimize the influence of transmitter noise.  

We have simulated the PA emissions in Band 25 with an uplink PCC bandwidth of 5 and 10 MHz and the downlink SCC bandwidth of 5 MHz, as a function of sub-block gap size in increments of 5 MHz.  The results are shown below in Figure 6.2.3.1.1-1.
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Figure 6.3.2.1.1-1.  Simulated transmitter noise from PCC UL into SCC DL for CA_25.

In this figure, the duplex offset is defined to be the separation from the center frequency of the PCC UL to the center frequency of the SCC downlink.  The sub-block gap, defined as the separation from the closest edges of the PCC DL channel to SCC DL channel, can be derived directly from this duplex offset by taking into account the passband bandwidth of 65 MHz and the duplex gap of 15 MHz in Band 25.  The noise is measured at the output of the PA over the receiver channel bandwidth of the SCC downlink and is reported in normalized units of dBm/Hz.  For these results, a full uplink allocation was simulated; that is, 25 RB's for 5 MHz PCC and 50 RB's for 10 MHz PCC.  As expected, the noise is greatest when the duplex offset is small, or equivalently, when the sub-block gap is large.  
Applying these transmitter noise simulation results, we estimate the reference sensitivity impact.  In the analysis, we have assumed the following parameters

Table 6.2.3.1.1-1.  Parameters for estimating reference sensitivity

	Parameter
	Value

	Duplexer Rx isolation
	45 dB

	LNA noise figure
	3 dB

	Primary to diversity antenna isolation
	10 dB

	Demod implementation margin
	2 dB

	Receiver IIP2 (varies with offset)
	42 - 55 dB

	Combiner algorithm
	MRC


It was found that in the worst case channel placement with the largest sub-block gap, the reference sensitivity is degraded by 14.5 dB for the 5 MHz PCC and by 28.2 dB for the 10 MHz PCC.  It was also found that reference sensitivity is not degraded when the sub-block gap is reduced to approximately 30 MHz for the 5 MHz PCC.  For the  10 MHz PCC, the band is not wide enough to separate the PCC UL from SCC DL so that there is always reference sensitivity degradation for 50 RB uplink, even if the sub-block gap is reduced to zero.  

An alternative formulation for reference sensitivity is to reduce the uplink allocation, but maintain the reference sensitivity value.  It has been observed in that specifying normalized frequency separation between uplink and downlink is a simple and effective way to minimize the impact of transmitter noise on reference sensitivity.  A normalized separation of approximately eight has been proposed.  Similarly, it has been proposed that the normalized maximum bandwidth be restricted to 0.75 RB's per MHz of separation between the edge of the uplink and the edge of the downlink.  These formulations are useful to predict the impact of transmitter spectral regrowth, but do not include the effect of receiver IM2 performance.    Therefore, the uplink allocations as shown in Figure 6.3.2.1.1-1 may be optimistic, especially for large sub-block gap sizes.  Furthermore, the analysis on reference sensitivity does not include the impact of the RF front-end architecture where it has been assumed that the output from a single LNA is split into two receive chains.  The effect of splitting the LNA output into two chains may degrade the noise figure of the receiver front-end leading to worse reference sensitivity.  We have not explicitly taken this factor into account in the analysis, but take a slightly more conservative approach to defining the reference sensitivity parameters bearing this in mind.
[image: image7.png]PCC uplink allocation (RB's)

60

50

40

30

20

10

5 MHz PCC, [6]
—8—5 MHz PCC, [1]
——10 MHz PCC, [6]

—<—10 MHz PCC,[1]

10

20

30 40 50
Sub-block gap (MHz)

60




Figure 6.3.2.1.1-2.  Uplink PCC allocation to meet reference sensitivity for CA_25 (5 MHz SCC).

6.2.3.1.2 Narrowband emissions
Due to the small duplex offset between the PCC uplink and the SCC downlink, it is also necessary to consider spurious products which may be formed by narrowband uplink transmissions.  While transmitter spectral regrowth may be controlled by reducing the uplink allocation as described in the previous section, spurious products formed in the transmitter from CIM3 or CIM5 may degrade receiver performance as well.  It has been noted that for the particular CA_25 configuration, CIM3 products do not reach the SCC receive band due to the duplex offset of at least 15 MHz and the fact that only 5 and 10 MHz channels are defined for non-contiguous intra-band carrier aggregation in Band 25.  However, CIM5 products can reach for 10 MHz PCC uplink channels when the sub-block gap is large.  Furthermore, since reference sensitivity is expected to be met with uplink allocations equal to or smaller than those specified in Table 7.3.1-2 of 36.101 for example, then is expected that narrow allocations will not degrade reference sensitivity.  Note that a similar discussion took place for the definition of reference sensitivity for Band 20.
Considering up to 5th order spurious products, the channel configurations affected for CA_25 are 10 MHz PCC paired with either 5 or 10 MHz SCC.  For these configurations, the spurious products only affect reference sensitivity when the sub-block gap is 47 - 50 MHz for the 5 MHz SCC, or 42 - 45 MHz for the 10 MHz SCC.  For these corner cases, we propose to shift the uplink allocation slightly away from the upper edge of the PCC uplink channel to avoid the 5th order products falling into the SCC receive band.  We estimate that a shift of 3 RB's away from the channel edge will be sufficient to avoid the 5th order products.  

Given that we propose to avoid the 3 upper-most RB's in the PCC uplink for the purpose of the reference sensitivity requirement, one question that arises is whether over-provisioning of the PUCCH region is required.  Such a procedure could be complicated by the fact that both single carrier and carrier aggregation devices may be operating in the cell, where restrictions may only be necessary for the UE with activated SCC.  In our opinion, PUCCH over-provisioning is not necessary for this corner case.  PUCCH over-provisioning is occasionally required in the case of emissions violations which may exceed regulatory limits.  This is not the case here.  In this case, the uplink is shifted only for the purpose of testing the reference sensitivity requirement and therefore only applies for a limited number of practical scenarios where the PCC is configured for 10 MHz and the carrier placement is such that the sub-block gap is very large.  Even in this configuration, the issue is only exposed at cell edge conditions where the received power on the SCC is at or near sensitivity level.  For this corner condition, we do see the need to recommend PUCCH over-provisioning.

6.2.3.1.3 Specification
For non-contiguous intra-band carrier aggregation with single uplink on the PCC, the throughput on 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).   The reference sensitivity requirement is defined to be met with both PCC and SCC downlink component carriers active and the PCC uplink carrier active.  For reference sensitivity measured on the downlink  PCC, the parameters in Tables 7.3.1-1 and 7.3.1-2 apply.  For reference sensitivity measured on the downlink SCC, the parameters in Tables 7.3.1-1 and 7.3.1A-2 apply.  

Table 7.3.1A-2: Non-contiguous Intra-band CA uplink configuration for SCC REFSENS with 1 UL

	CA configuration
	CC combination (PCC+SCC)
	Sub-block Gap 
	PCC UL configuration (RB's)

	CA_25A-25A
	5 MHz + 5 MHz
	≤ 30 MHz
	[25]

	
	
	>30 MHz and ≤45 MHz
	[16]

	
	
	> 45 MHz and ≤ 55 MHz
	[10]

	
	5 MHz + 10 MHz
	≤ 30 MHz
	[25]

	
	
	> 30 MHz and ≤ 40 MHz
	[16]

	
	
	> 40 MHz and ≤ 50 MHz
	[10]

	
	10 MHz + 5 MHz
	≤ 15 MHz
	[32]

	
	
	> 15 MHz and ≤ 35 MHz
	[20]

	
	
	>  35 MHz and ≤ 47 MHz
	[12]

	
	
	> 47 MHz and ≤ 50 MHz
	[10]4

	
	10 MHz + 10 MHz
	≤ 15 MHz
	[32]

	
	
	> 15 MHz and ≤ 35 MHz
	[18]

	
	
	> 35 MHz  and ≤ 42 MHz
	[12]

	
	
	> 42 MHz and ≤ 45 MHz
	[10]4

	NOTE 1:   The requirements in this table shall apply for non-contiguous intra-band carrier aggregation with a single active uplink on the PCC and simultaneously active downlinks on the PCC and the SCC.  The downlink SCC shall be placed in the gap between the PCC uplink and downlink. 

NOTE 2:   The transmit power on the PCC shall be set to PUMAX as defined in subclause 6.2.5.

NOTE 3:
The UL resource blocks on the PCC shall be located as close as possible to the downlink SCC channel but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).

NOTE 4: 
As an exception to Note 1, for the CA_25A-25A configuration with bandwidth combinations 10 MHz + 5 MHz, duplex gap > 47 MHz and 10 MHz + 10 MHz, duplex gap > 42 MHz, the uplink resource blocks shall be located at RBstart [37].




<<< 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 non-contiguous intra-band carrier aggregation with single uplink on the PCC, the throughput on 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).   The reference sensitivity requirement is defined to be met with both PCC and SCC downlink component carriers active and the PCC uplink carrier active.  For reference sensitivity measured on the downlink  PCC, the parameters in Tables 7.3.1-1 and 7.3.1-2 apply.  For reference sensitivity measured on the downlink SCC, the parameters in Tables 7.3.1-1 and 7.3.1A-2 apply.  

Table 7.3.1A-2: Non-contiguous Intra-band CA uplink configuration for SCC REFSENS with 1 UL

	CA configuration
	CC combination (PCC+SCC)
	Sub-block Gap 
	PCC UL configuration (RB's)

	CA_25A-25A
	5 MHz + 5 MHz
	≤ 30 MHz
	[25]

	
	
	>30 MHz and ≤45 MHz
	[16]

	
	
	> 45 MHz and ≤ 55 MHz
	[10]

	
	5 MHz + 10 MHz
	≤ 30 MHz
	[25]

	
	
	> 30 MHz and ≤ 40 MHz
	[16]

	
	
	> 40 MHz and ≤ 50 MHz
	[10]

	
	10 MHz + 5 MHz
	≤ 15 MHz
	[32]

	
	
	> 15 MHz and ≤ 35 MHz
	[20]

	
	
	>  35 MHz and ≤ 47 MHz
	[12]

	
	
	> 47 MHz and ≤ 50 MHz
	[10]4

	
	10 MHz + 10 MHz
	≤ 15 MHz
	[32]

	
	
	> 15 MHz and ≤ 35 MHz
	[18]

	
	
	> 35 MHz  and ≤ 42 MHz
	[12]

	
	
	> 42 MHz and ≤ 45 MHz
	[10]4

	NOTE 1:   The requirements in this table shall apply for non-contiguous intra-band carrier aggregation with a single active uplink on the PCC and simultaneously active downlinks on the PCC and the SCC.  The downlink SCC shall be placed in the gap between the PCC uplink and downlink. 

NOTE 2:   The transmit power on the PCC shall be set to PUMAX as defined in subclause 6.2.5.

NOTE 3:
The UL resource blocks on the PCC shall be located as close as possible to the downlink SCC channel but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).

NOTE 4: 
As an exception to Note 1, for the CA_25A-25A configuration with bandwidth combinations 10 MHz + 5 MHz, duplex gap > 47 MHz and 10 MHz + 10 MHz, duplex gap > 42 MHz, the uplink resource blocks shall be located at RBstart [37].




<<< End of changes >>> 
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