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1. Introduction
Intra-band carrier aggregation REFSENS requirements have been discussed in multiple contributions in the past few RAN4 meetings [1][2][3][4]. In this document, we evaluate the proposals and recommend a proposal for consideration.
2. Discussions
2.1. Summary of proposals

In [1], the following was proposed for intra-band CA REFSENS:

Release 10

In Rel 10 we need to define RFESEN where up to 5 contiguous CC are specified. Also in this case there is no requirement to maintain the fixed TX-RX separation between CC. On the basic that the working assumption that R2 signalling would support a linkage between the UL and DL CC for PCC and all SCC it is possible to define the CC UL/DL for each band when CA is deployed. As the Rel 8/9 requirements would still be applicable we would only need to specify an additional scenario depending on the TX- RX frequency separation. In this for each CA band one of the two options would be applicable i.e. 5 or 7 below depending on the TX- RX separation as shown below 
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CA Rx configuration for CA >1

For small duplex gaps scenario 5 would be applicable and for larger duplex gaps scenario 7 would be more appropriate when setting the performance requirements for a CA operating band. In this case the requirements would be band dependant and we would only need to specify one additional requirement for CA . In this case we can specify both the TX-rx spacing and RFSENS in the following manner for CA1

Proposal A: In [2], the following was proposed for intra-band CA REFSENS:
Proposal 1: For intra-band contiguous carrier aggregation, REFSENS should be tested with single carrier UL transmission allocated within the CC that is closest to the DL band.

Proposal 2: For inter-band contiguous carrier aggregation, two options for REFSENS tests could be considered:

· Option 1: Per CC requirements, (the DC-HSUPA approach)

· Option 2: Averaging throughput approach

Proposal B: In [3], the following was proposed for intra-band CA REFSENS:

· the UE shall meet the Rel-8/9 REFSENS requirement with the PCC active and full uplink power and allocation according to Rel-8/9 (the case of a limited uplink transmission bandwidth shown Figure 1

· in addition, for UE(s) supporting one UL CC: sensitivity for the PCC and SCC with the primary UL active and with one UL CC configured with full allocation and a power reduction if 4 dB from the total (it may suffice to verify the SCC),

· in addition, for UE(s) supporting two UL CC(s): sensitivity for the PCC and SCC with two UL CC(s) configured with full allocation and a power reduction if 4 dB from the total (it may suffice to verify the SCC)

The same method should be used for FDD and TDD, but the MSD can be set to zero for TDD assuming synchronised carriers. 
Proposal C: In [4], the following was proposed for intra-band CA REFSENS as an extension to the proposal A:
· The UE shall meet the Rel-8/9 REFSENS requirement with the PCC active and full uplink power and allocation according to Rel-8/9 [3]

· Performance requirement for Rel-10 intra-band contiguous CA is only defined for the following case: 

· The PCC active and full uplink power and allocation according to Rel-8/9 
· DL SCC is only allocated outside the DL PCC, i.e., further away from PCC UL transmission compared to PCC DL.

· Rel-8/9 REFSENS requirement should be reused for both DL PCC and SCC.

2.2. Analysis

Proposal A and C are effectively a single proposal where C provided more details on UL and DL allocation. These proposals are natural extensions of Rel-8 REFSENS definition. 
Proposal B defines REFSENS under wideband transmission greater than 20 MHz. This is an extension of the MSD framework of single carrier with maximum channel bandwidth transmission. Table 7.3.2-1 shows the current MSD values for single carrier deployment. As shown in the table, none of the values are specified for single carrier deployment for a few practical reasons. 

First of all, when DL signal level is at REFSENS, it is most likely that the UE is at cell edge and the UL is power limited. This is also an operating point where DL reception is most vulnerable to Tx interference. In this case, there is little added value of evaluating UL wideband transmission greater than the maximum allowed UL transmission bandwidth without impacting DL reception. Note that other performance requirements (ACS, blocking, etc) are already in place to check additional receiver characteristics.
Secondly, the amount of work to determine the MSD for each band is quite prohibitive. Similar to the REFSENS studies, it would take the working group multiple iterations to define the minimum requirements for MSD. Since the Rel-8 approach of limiting UL transmission bandwidth is both effective and practical for evaluating Tx to Rx interference, MSD is considered a duplication of work.
If proposal B (40 MHz Tx bandwidth) is to be used for a band, it is necessary to first understand the 20 MHz wideband transmission performance under single carrier deployment. It would not be meaningful to evaluate the Rx performance with 40 MHz Tx bandwidth with 4 dB backoff  given that the 20 MHz Tx case is considered non-essential by the working group.
Table 7.3.2-1: Maximum Sensitivity Degradation

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dB)
	3 MHz

(dB)
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	Duplex Mode

	1
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	2
	n/a
	n/a
	n/a
	n/a
	TBD
	TBD
	FDD

	3
	n/a
	n/a
	n/a
	n/a
	TBD
	TBD
	FDD

	4
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	FDD

	5
	n/a
	n/a
	n/a
	TBD
	
	
	FDD

	6
	
	
	n/a
	TBD
	
	
	FDD

	7
	
	
	n/a
	n/a
	TBD
	TBD
	FDD

	8
	n/a
	n/a
	n/a
	TBD
	
	
	FDD

	9
	
	
	n/a
	n/a
	TBD
	TBD
	FDD

	10
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	11
	
	
	n/a
	TBD
	
	
	FDD

	12
	
	
	TBD
	TBD
	
	
	FDD

	13
	
	
	TBD
	TBD
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	17
	
	
	TBD
	TBD
	
	
	FDD

	18
	
	
	n/a
	TBD
	TBD
	
	FDD

	19
	
	
	n/a
	TBD
	TBD
	
	FDD

	20
	
	
	n/a
	TBD
	TBD
	TBD
	FDD

	21
	
	
	n/a
	TBD
	TBD
	
	FDD

	Note:


        1.      The transmitter shall be set to PUMAX as defined in clause 6.2.5  with the maximum transmission configuration (Table 5.5-1) allocated 




Compared to proposals A and C,  proposal B has the following pros and cons:

Pros: 
1. Proposal B would provide additional information on wideband Tx transmission to Rx interference. 
Cons: 

1. This methodology contradicts existing Rel-8 principle of limiting UL transmission bandwidth for REFSENS definition when Tx noise is expected to cause significant Rx degradation. 
2. The work of defining MSD with 40 MHz Tx bandwidth and would require significant amount of work. This proposal is an extension of the MSD methodology in Rel-8, which is itself questionable in terms of usefulness. 
3. Compared to proposals A and C, proposal B is at a reduced Tx power, which is not as meaningful for the scenarios where DL signal level is at REFSENS
One potential use case for proposal B is for the bands where where no UL allocation restriction is defined for 20 MHz channel bandwidth. In such cases, there might be potential value for checking 40 MHz Tx bandwidth. Such bands could be identified as bands in the MSD table with n/a listed under 20 MHz.  
2.3. Proposed way forward

Here is the proposed way forward:
· Rel-8 requirements should be satisfied by a UE when CA is de-configuration.

· For Rel-8 bands with UL allocation restriction at 20 MHz channel bandwidth, PCC/SCC REFSENS should be defined under the following conditions:

· Max power single carrier UL transmission and Rel-8 UL restriction. 

· For these bands, the WG agreed to a principle of limiting the UL transmission to < 20 MHz in Rel-8 due to undesirable Tx noise issue. There is little justification to change this fundamental principle in Rel-10. 

· Max power transmission is highly desirable when testing REFSENS since this is used for cell edge coverage planning.

· In addition, the DL SCC allocation should be limited to be outside the gap between PCC UL and DL.

· The restriction on SCC DL allocation is inline with the Rel-8 principle of limiting Tx to Rx impact through scheduling allocation for difficult bands.

· For Rel-8 bands with no UL allocation restriction at 20 MHz channel bandwidth, PCC/SCC REFSENS should be defined under the following conditions 

· Max power single carrier UL transmission at maximum channel bandwidth.
· No DL SCC restriction is imposed.

· FFS: additional requirements with full carrier aggregation bandwidth transmission with 4 dB power reduction.
3. Conclusions
In this contribution, we summarized previous REFSENS proposals, where issues have been identified with each of the proposal. More specifically, Proposals A and C provide the essential requirements to characterize the UE performance for intra-band CA deployment; Proposal C defines REFSENS with reduced Tx power but 40 MHz Tx bandwidth as an extension of the MSD framework, which is considered redundant for many Rel-8 bands and requires significant amount of work.  
Considering the pros and cons of each approach, we recommend the working group to approve the following way forward:
Way Forward

· Rel-8 REFSENS requirements should be satisfied by a UE in single carrier mode, i.e., when CA is de-configuration.

· For TDD bands, the Rel-8 REFSENS requirements should be satisfied for each CC when CA is configured.

· For Rel-8 bands with UL allocation restriction at 20 MHz channel bandwidth, PCC/SCC REFSENS should be defined under the following conditions:

· Max power single carrier UL transmission and Rel-8 UL restriction. . 

· In addition, the DL SCC allocation should be limited to be outside the gap between PCC UL and DL.

· For Rel-8 bands with no UL allocation restriction at 20 MHz channel bandwidth, PCC/SCC REFSENS should be defined under the following conditions 

· Max power single carrier UL transmission at maximum channel bandwidth.
· No DL SCC restriction is imposed.

· FFS: additional requirements with full carrier aggregation bandwidth transmission with 4 dB power reduction.
Once this way forward is agreed in principle, we could define the REFSENS requirements for CA_1 and CA_40. Note that CA_1 does fall into the category of Rel-8 bands with no UL allocation restriction at 20 MHz.
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TEXT PROPOSAL:

<start of text proposal for Clause 7>

7.3
Reference sensitivity power level

The current reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel

For LTE-A

· Should this be applicable to all ports

· Sensitivity defined per single CC or multiple CC. 

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
In [1], the following was proposed for intra-band CA REFSENS:

Release 10

In Rel 10 we need to define RFESEN where up to 5 contiguous CC are specified. Also in this case there is no requirement to maintain the fixed TX-RX separation between CC. On the basic that the working assumption that R2 signalling would support a linkage between the UL and DL CC for PCC and all SCC it is possible to define the CC UL/DL for each band when CA is deployed. As the Rel 8/9 requirements would still be applicable we would only need to specify an additional scenario depending on the TX- RX frequency separation. In this for each CA band one of the two options would be applicable i.e. 5 or 7 below depending on the TX- RX separation as shown below 
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CA Rx configuration for CA >1

For small duplex gaps scenario 5 would be applicable and for larger duplex gaps scenario 7 would be more appropriate when setting the performance requirements for a CA operating band. In this case the requirements would be band dependant and we would only need to specify one additional requirement for CA . In this case we can specify both the TX-rx spacing and RFSENS in the following manner for CA1

Proposal A: In [2], the following was proposed for intra-band CA REFSENS:

Proposal 1: For intra-band contiguous carrier aggregation, REFSENS should be tested with single carrier UL transmission allocated within the CC that is closest to the DL band.

Proposal 2: For inter-band contiguous carrier aggregation, two options for REFSENS tests could be considered:

· Option 1: Per CC requirements, (the DC-HSUPA approach)

· Option 2: Averaging throughput approach

Proposal B: In [3], the following was proposed for intra-band CA REFSENS:

· the UE shall meet the Rel-8/9 REFSENS requirement with the PCC active and full uplink power and allocation according to Rel-8/9 (the case of a limited uplink transmission bandwidth shown Figure 1

· in addition, for UE(s) supporting one UL CC: sensitivity for the PCC and SCC with the primary UL active and with one UL CC configured with full allocation and a power reduction if 4 dB from the total (it may suffice to verify the SCC),

· in addition, for UE(s) supporting two UL CC(s): sensitivity for the PCC and SCC with two UL CC(s) configured with full allocation and a power reduction if 4 dB from the total (it may suffice to verify the SCC)

The same method should be used for FDD and TDD, but the MSD can be set to zero for TDD assuming synchronised carriers. 
Proposal C: In [4], the following was proposed for intra-band CA REFSENS as an extension to the proposal A:

· The UE shall meet the Rel-8/9 REFSENS requirement with the PCC active and full uplink power and allocation according to Rel-8/9 [3]

· Performance requirement for Rel-10 intra-band contiguous CA is only defined for the following case: 

· The PCC active and full uplink power and allocation according to Rel-8/9 
· DL SCC is only allocated outside the DL PCC, i.e., further away from PCC UL transmission compared to PCC DL.

· Rel-8/9 REFSENS requirement should be reused for both DL PCC and SCC.

Proposal A and C are effectively a single proposal where C provided more details on UL and DL allocation. These proposals are natural extensions of Rel-8 REFSENS definition. 

Proposal B defines REFSENS under wideband transmission greater than 20 MHz. This is an extension of the MSD framework of single carrier with maximum channel bandwidth transmission. Table 7.3.2-1 shows the current MSD values for single carrier deployment. As shown in the table, none of the values are specified for single carrier deployment for a few practical reasons. 

First of all, when DL signal level is at REFSENS, it is most likely that the UE is at cell edge and the UL is power limited. This is also an operating point where DL reception is most vulnerable to Tx interference. In this case, there is little added value of evaluating UL wideband transmission greater than the maximum allowed UL transmission bandwidth without impacting DL reception. Note that other performance requirements (ACS, blocking, etc) are already in place to check additional receiver characteristics.

Secondly, the amount of work to determine the MSD for each band is quite prohibitive. Similar to the REFSENS studies, it would take the working group multiple iterations to define the minimum requirements for MSD. Since the Rel-8 approach of limiting UL transmission bandwidth is both effective and practical for evaluating Tx to Rx interference, MSD is considered a duplication of work.

If proposal B (40 MHz Tx bandwidth) is to be used for a band, it is necessary to first understand the 20 MHz wideband transmission performance under single carrier deployment. It would not be meaningful to evaluate the Rx performance with 40 MHz Tx bandwidth with 4 dB backoff  given that the 20 MHz Tx case is considered non-essential by the working group.

Table 7.3.2-1: Maximum Sensitivity Degradation

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dB)
	3 MHz

(dB)
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	Duplex Mode

	1
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	2
	n/a
	n/a
	n/a
	n/a
	TBD
	TBD
	FDD

	3
	n/a
	n/a
	n/a
	n/a
	TBD
	TBD
	FDD

	4
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	FDD

	5
	n/a
	n/a
	n/a
	TBD
	
	
	FDD

	6
	
	
	n/a
	TBD
	
	
	FDD

	7
	
	
	n/a
	n/a
	TBD
	TBD
	FDD

	8
	n/a
	n/a
	n/a
	TBD
	
	
	FDD

	9
	
	
	n/a
	n/a
	TBD
	TBD
	FDD

	10
	
	
	n/a
	n/a
	n/a
	n/a
	FDD

	11
	
	
	n/a
	TBD
	
	
	FDD

	12
	
	
	TBD
	TBD
	
	
	FDD

	13
	
	
	TBD
	TBD
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	17
	
	
	TBD
	TBD
	
	
	FDD

	18
	
	
	n/a
	TBD
	TBD
	
	FDD

	19
	
	
	n/a
	TBD
	TBD
	
	FDD

	20
	
	
	n/a
	TBD
	TBD
	TBD
	FDD

	21
	
	
	n/a
	TBD
	TBD
	
	FDD

	Note:


        1.      The transmitter shall be set to PUMAX as defined in clause 6.2.5  with the maximum transmission configuration (Table 5.5-1) allocated 




Compared to proposals A and C,  proposal B has the following pros and cons:

Pros: 

2. Proposal B would provide additional information on wideband Tx transmission to Rx interference. 

Cons: 

4. This methodology contradicts existing Rel-8 principle of limiting UL transmission bandwidth for REFSENS definition when Tx noise is expected to cause significant Rx degradation. 

5. The work of defining MSD with 40 MHz Tx bandwidth and would require significant amount of work. This proposal is an extension of the MSD methodology in Rel-8, which is itself questionable in terms of usefulness. 

6. Compared to proposals A and C, proposal B is at a reduced Tx power, which is not as meaningful for the scenarios where DL signal level is at REFSENS
One potential use case for proposal B is for the bands where where no UL allocation restriction is defined for 20 MHz channel bandwidth. In such cases, there might be potential value for checking 40 MHz Tx bandwidth. Such bands could be identified as bands in the MSD table with n/a listed under 20 MHz.  
Hence the following way forward is proposed:
· Rel-8 requirements should be satisfied by a UE when CA is de-configuration.

· For Rel-8 bands with UL allocation restriction at 20 MHz channel bandwidth, PCC/SCC REFSENS should be defined under the following conditions:

· Max power single carrier UL transmission and Rel-8 UL restriction. 

· For these bands, the WG agreed to a principle of limiting the UL transmission to < 20 MHz in Rel-8 due to undesirable Tx noise issue. There is little justification to change this fundamental principle in Rel-10. 

· Max power transmission is highly desirable when testing REFSENS since this is used for cell edge coverage planning.

· In addition, the DL SCC allocation should be limited to be outside the gap between PCC UL and DL.

· The restriction on SCC DL allocation is inline with the Rel-8 principle of limiting Tx to Rx impact through scheduling allocation for difficult bands.

· For Rel-8 bands with no UL allocation restriction at 20 MHz channel bandwidth, PCC/SCC REFSENS should be defined under the following conditions 

· Max power single carrier UL transmission at maximum channel bandwidth.
· No DL SCC restriction is imposed.

· FFS: additional requirements with full carrier aggregation bandwidth transmission with 4 dB power reduction.
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment

…

<end of text proposal for Clause 7>
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