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1. Introduction

The LTE CA configuration CA_1A-41A with uplink in Band 41 has been studied for a number of meetings.  This contribution provides a summary of the findings.  It is proposed that the technical findings are captured in the TR and that the combination is not included into the specifications at this time since a satisfactory technical solution has not been found.
2. Discussion

One of the challenges of defining the CA configuration CA_1A-41A with uplink PCC in Band 41 is that the CA_1A-41A configuration already exists since December 2014 in TS 36.101 v12.6.0, with a restriction that uplink is only allowed in Band 1.  At the time, this configuration was studied quite extensively [1],[2],[3],[4],[5] with the conclusion that uplink in Band 41 would not be feasible and therefore not specified.  The reason that CA_1A-41A was defined only allowing uplink in Band 1 is the poor performance due to lack of filter isolation with uplink in Band 41.  Nonetheless, there was renewed interest in specifying CA_1A-41A with uplink in Band 41 due to potential interest in a specific country.  Since agreement to include this configuration into the Rel-15 LTE-Advanced 2DL/1UL basket work item [6], more than a year has passed, Release 14 completed, this configuration remaining unresolved pushed to Release 15, and now approaching completion of Release 15 with this configuration still unresolved.

Observations from more than a year of study and discussions are as follows
1. A UE RF front-end consisting of a full-band Band 41 filter may not provide adequate isolation to ensure good performance with uplink in Band 41.  Therefore, an MSD in Band 1 is a consequence when simultaneously transmitting in Band 41.  The MSD has been estimated to be 20 dB [7] which has been deemed unacceptable by the interested operator.
2. Cascading additional filtering elements (i.e., low pass or band pass filter, diplexer, triplexer, etc) to provide additional isolation will incur insertion loss.  The estimated insertion loss is several dB, but even with the additional insertion loss already unacceptable by itself, the MSD is still estimated to be 10.2 dB [8].  Note that insertion losses impact not only the configuration with uplink in Band 41, but also the configuration with uplink in Band 1 as well as single carrier operation in potentially both bands 1 and 41.  Note also that Band 41 supports power class 2 for which reduced front-end insertion loss is essential.  Thus, the impact of additional insertion loss is unacceptable in a device designed for global operation.  
3. A UE RF front-end consisting of a sub-band Band 41 filter covering only the frequency range 2535 – 2655 MHz as proposed in [9] may be able to provide additional isolation thereby reducing the MSD required.  However, such a filter will not be able to cover the entire Band 41 2496 – 2690 MHz and therefore will not be compliant to 3GPP specifications. 
4. A UE RF front-end consisting of both sub-band and a full-band Band 41 filters may be able to provide both isolation and full coverage of Band 41.  However, this architecture would require duplication of RF front-end hardware (filter, PA) and/or additional switches with additional insertion loss.  Handset manufacturers are expected to be unwilling or unable to accommodate duplication of hardware or additional switch loss for a CA_1A-41A design that must support not only the local requirement for uplink in Band 41 described here, but also the CA_1A-41A with uplink in Band 1 that has been defined since 2014.  This is particularly true if the market opportunity is limited to a single operator in a single country; i.e., an operator-specific, region-specific SKU.
Based on these observations, none of these solutions is acceptable.  It is recommended to defer specification of this CA configuration until the deployment and development plan is more solidified with a better understanding of what tradeoffs may be acceptable; i.e., MSD vs. operator-specific device availability, for example.  Moreover, it is recommended to defer specification of this CA configuration until such a time that a technical solution with acceptable performance becomes available through advances in technology.
3. Conclusion

This contribution provides a summary of results after more than 12 months of study on the feasibility of CA_1A-41A with uplink PCC in Band 41 from a UE RF perspective.  It is recommended that due to the technical challenges identified, that specification of this CA configuration be deferred until the deployment plan is more certain and until technology progresses to enable a satisfactory technical solution.
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5.X.1
CA_1A-41A_1UL_with UL in Band 41
5.X.1.1 Operating band for CA
Table 5.X.1-1: Inter-band CA operating bands for CA_1-41
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	CA_1-41
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	41
	2496 MHz
	–
	2690 MHz
	2496 MHz
	–
	2690 MHz
	TDD


5.X.1.2 Reference sensitivity and MSD
Observations from more than a year of study and discussions are as follows

1. A UE RF front-end consisting of a full-band Band 41 filter may not provide adequate isolation to ensure good performance with uplink in Band 41.  Therefore, an MSD in Band 1 is a consequence when simultaneously transmitting in Band 41.  The MSD has been estimated to be 20 dB which has been deemed unacceptable by the interested operator.

2. Cascading additional filtering elements (i.e., low pass or band pass filter, diplexer, triplexer, etc) to provide additional isolation will incur insertion loss.  The estimated insertion loss is several dB, but even with the additional insertion loss already unacceptable by itself, the MSD is still estimated to be 10.2 dB.  Note that insertion losses impact not only the configuration with uplink in Band 41, but also the configuration with uplink in Band 1 as well as single carrier operation in potentially both bands 1 and 41.  Note also that Band 41 supports power class 2 for which reduced front-end insertion loss is essential.  Thus, the impact of additional insertion loss is unacceptable in a device designed for global operation.  
3. A UE RF front-end consisting of a sub-band Band 41 filter covering only the frequency range 2535 – 2655 MHz may be able to provide additional isolation thereby reducing the MSD required.  However, such a filter will not be able to cover the entire Band 41 2496 – 2690 MHz and therefore will not be compliant to 3GPP specifications. 
4. A UE RF front-end consisting of both sub-band and a full-band Band 41 filters may be able to provide both isolation and full coverage of Band 41.  However, this architecture would require duplication of RF front-end hardware (filter, PA) and/or additional switches with additional insertion loss.  Handset manufacturers are expected to be unwilling or unable to accommodate duplication of hardware or additional switch loss for a CA_1A-41A design that must support not only the local requirement for uplink in Band 41 described here, but also the CA_1A-41A with uplink in Band 1 that has been defined since 2014.  This is particularly true if the market opportunity is limited to a single operator in a single country; i.e., an operator-specific, region-specific SKU.

Based on these observations, none of these solutions is acceptable.  It is recommended to defer specification of this CA configuration until the deployment and development plan is more solidified with a better understanding of what tradeoffs may be acceptable; i.e., MSD vs. operator-specific device availability, for example.  Moreover, it is recommended to defer specification of this CA configuration until such a time that a technical solution with acceptable performance becomes available through advances in technology.
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