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1. Introduction

It was agreed in [1] that the method for defining UE requirements for the interband class A2 (high/low with harmonic interference) CA band combinations is to specify a maximum sensitivity degradation (MSD) and a relaxation to account for additional front-end insertion loss.  In this contribution, we provide a proposal for specification in accordance with this way forward for the Band 4 and Band 17 combination.
2. Discussion

Before discussing specific values for MSD and insertion loss, it is first necessary to define the conditions for which MSD should be specified and tested as well as to provide a candidate reference architecture.  Fortunately, both of these topics have already been introduced in previous contributions [1],[2].
2.1. Definition of MSD

The intent of the MSD specification is to provide a guideline on the maximum degradation to sensitivity under the worst case uplink allocation.  In Rel-8 single carrier LTE, the MSD though never fully defined or implemented in the specification would have been defined under the condition of full allocation on both uplink and downlink to assess the impact of Tx noise for those cases where the Rx-Tx spacing is limited.  For class A2 interband CA, the worst case uplink allocation is the one where the uplink allocation in the low band is such that there is maximum overlap of the harmonic interference over the downlink in the high band.  Note that this is only the worst case under the definition of reference sensitivity with full downlink allocation.  Further degradation may occur when the UE transmits and receives with bandwidth allocations less than the transmission bandwidth configuration.

We now focus specifically on the Band 4 + Band 17 case with a 3rd harmonic interference term when transmitting on Band 17.  Reference sensitivity for interband CA is defined as follows from 36.101

· Both downlink component carriers are active and fully allocated.  Throughput is measured on each downlink component carrier independently with both carriers active.
· Either one of the uplink component carriers is active with uplink allocation according to Table 7.3.1-2 of 36.101.  For Band 4 uplink, there is no restriction on the uplink allocation so the uplink is always fully allocated.  For Band 17 uplink, the uplink allocation is restricted to 20 RB’s.  Uplink power is set to PUMAX.
· The reference sensitivity value tabulated in Table 7.3.1-1 of 36.101 is applied to both antenna ports (primary and diversity) for each constituent band.

It is evident that this definition of reference sensitivity is only appropriate when the uplink is active on Band 4.  When the uplink is active on Band 17, the additional 3rd harmonic interference corrupts the measurement and prevents the UE from being able to meet the reference sensitivity requirement.  Therefore, we apply the MSD requirement instead when the uplink is active on Band 17.
The problem of how to specify the conditions for MSD, however, is not trivial.  Consider that the guiding principal is to find the uplink configuration which yields the worst case maximum sensitivity degradation.  That worst case is where there is maximum overlap between the harmonic interference from the uplink and the full allocation on the downlink.  The uplink allocation which defines this worst case can be a function of the uplink channel bandwidth, the downlink channel bandwidth as well as the location of the uplink and downlink channels within their respective bands.  Thus, while in single carrier refsens and MSD, only a single parameter was required (uplink allocation size) to be determined and the test cases could be defined for any channel within the band – typically high range, mid range, and low range channels – the situation is multi-dimensional here.  We therefore propose to define the MSD conditions as follows for Band 4 and Band 17
· For the Band 17 uplink, the channel can be placed anywhere in the band.  While it may not be true for other class A2 band combinations, for the Band 4 + Band 17 combination, there is always full overlap of the 3rd harmonic of the uplink into the downlink.  The Band 17 downlink is placed according to the default Band 17 Rx-Tx separation of 30 MHz.

· For the Band 4 downlink, the channel should be placed at 3x the Band 17 uplink frequency.  The Band 4 uplink is placed according to the default Band 4 Rx-Tx separation of 400 MHz.

· As for all reference sensitivity/MSD tests, the downlink should be fully allocated for Band 4 downlink and for Band 17 downlink.

· The Band 17 uplink size should be 1/3 of the Band 4 downlink size; that is, for 10 MHz CBW in Band 4, the Band 17 uplink should be 16 RB’s and for 5 MHz CBW in Band 4, the Band 17 uplink should be 8 RB’s
.  
· The uplink allocation in Band 17 can be placed anywhere in the channel since there is always full overlap no matter where it is placed.  We therefore propose to place the Band 17 uplink in the highest portion of the channel as close as possible to the Band 17 downlink to represent the worst case.
Examples are provided below

Table 1.  Example MSD configuration of Band 4 and Band 17 channels.

	Band 17 UL and DL
	Band 4 DL

	Bandwidth
	Frequency of Uplink
	Frequency of Downlink
	Bandwidth
	Frequency of Downlink

	5
	706.5
	736.5
	5
	2124

	5
	707.5
	737.5
	5
	2127

	5
	712.5
	742.5
	5
	2142

	5
	713.5
	743.5
	5
	2145

	5
	706.5
	736.5
	10
	2122

	5
	707.5
	737.5
	10
	2125

	5
	712.5
	742.5
	10
	2140

	5
	713.5
	743.5
	10
	2143

	10
	709
	739
	5
	2131.6

	10
	711
	741
	5
	2137.6

	10
	709
	739
	10
	2129.4

	10
	711
	741
	10
	2135.4


Table 2.  Uplink configuration for MSD for CA_4_17.

	CA configuration
	E-UTRA Band
	CC combination
	Duplex Mode

	
	
	25RB+25RB
	25RB+50RB
	50RB+25RB
	50RB+50RB
	

	CA_4A_17A
	4
	25
	n/a
	25
	n/a
	50
	n/a
	50
	n/a
	FDD

	
	17
	n/a
	8
	n/a
	8
	n/a
	16
	n/a
	16
	

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


2.2. Reference architecture

Three notable alternatives have been provided as candidate reference architectures, each with advantages and disadvantages.  In [1], the reference architecture does not include filtering to remove the 3rd harmonic interference generated by the uplink from Band 17.  Thus, the MSD has been estimated to be approximately 20dB, but there is no additional insertion loss beyond the diplexer.  In [2], a pair of filters are included in the Band 17 uplink path to greatly attenuate the harmonic interference term, but at the cost of insertion loss levied upon all low frequency bands.  Finally, in [4] a compromise architecture is provided where a single harmonic filter is included in the Band 17 uplink path which in addition to a highly linear post-filter switch can reduce the harmonic interference term, but only apply additional insertion loss to the Band 17 Tx path.  We propose to adopt this third alternative as the reference architecture since it provides most of the benefit of harmonic interference attenuation, but only penalizes the Band 17 uplink path with additional insertion loss rather than all low frequency bands.  The diagram from [4] is copied here in for convenience.  One point worth highlighting is that in this architecture, the diplexer located at the antenna port is essential.  This diplexer provides necessary isolation of the 3rd harmonic at the output of the low bands switch before entering the high band switch, but of course, imparts its insertion loss across all bands that the device supports.
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Figure 1.  RF architecture for inter-band carrier aggregation for Band 4 and Band 17 using a single harmonic filter (Figure 3 of [4])
2.3. Analysis

Based on an analysis similar to that provided in [1] and [2] but with slight different assumptions on component performances, we estimate that in the MSD configuration described above, the amount of 3rd harmonic power reaching the input of the Band 4 LNA through the conducted paths is -106 dBm.  Note that this assumes extremely high linearity of all components in the Band 17 Tx path, the Band 4 Rx path, as well as the high band and low band switches and the diplexer.  It is also assumed that the diplexer provides significant rejection of the 3rd harmonic generated at the output of the low band switch since there is no longer a filter at the output of this switch.  The multi-band switch, regardless of whether it is split into high and low bands by a common diplexer or whether it is a broadband switch across all frequencies, will generate a 3rd harmonic component that requires suppression.  Therefore, the common diplexer is a fundamental piece of this architecture since it is not possible to isolate Band 17 (low band) and Band 4 (high band) with a broadband switch at the antenna.
However, as noted in [5], in a practical design there are also other contributors to 3rd harmonic noise level at the LNA input due to coupling on the PCB, radiated pickup, etc.  Furthermore, there may be additional coupling for single-chip integrated designs where there is internal coupling within the chip.  It has been roughly estimated that due to these additional coupling sources, the 3rd harmonic interference seen at the input to the Band 4 LNA may be -97.5 dBm.

We then evaluate the impact of this additional interference term to reference sensitivity performance.  In doing the analysis, it is assumed that the interference impinging upon the primary and diversity receivers is correlated, much in the same way as a blocker would be tested.

The outcome is that the reference sensitivity is degraded by 10.4 dB for the 5 MHz channel bandwidth case, and by 7.8 dB for the 10 MHz channel bandwidth case.  However, in previous agreement, the diplexer insertion loss should not be included in reference sensitivity relaxation so the MSD becomes 9.9 dB and 7.3 dB for 5 MHz and 10 MHz channel bandwidths, respectively, which we round to 10 dB and 7.5 dB.  
Table 3.  Proposed MSD specification for CA_4_17 configuration

	CA configuration
	E-UTRA Band
	CC combination
	Duplex Mode

	
	
	25RB+25RB
	25RB+50RB
	50RB+25RB
	50RB+50RB
	

	CA_4A_17A
	4
	[-90]
	[-90]
	[-89.5]
	[-89.5]
	FDD

	
	17
	-97
	-94
	-97
	-94
	

	NOTE 1:
The transmitter in the lower frequency band shall be set to PUMAX as defined in subclause 6.2.5 with uplink configuration allocated according to Table xyz and channelization according to Table ABC.


Because the reference architecture and the analysis assume the use of a harmonic filter in the uplink path of Band 17, an insertion loss in addition to that of the diplexer must be taken into consideration.  As noted previously, in this architecture, the filter insertion loss only affects the uplink path of Band 17.  However, as with the diplexer, the insertion loss is present even when the device is operating in single carrier configuration since it forms a part of the signal path.  The insertion loss of the filter has been reported by the filter vendor to be [0.5] dB.  Due to the lack of implementation margin in maximum output power on the transmit path and the fact that the implementation has already been relegated to absorbing a portion of the diplexer insertion loss, it is proposed that the lower tolerance of Pcmax be reduced by 0.5 dB in Band 17 for the device that supports CA_4_17.
Table 6.2.5A-3: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_4A-17A
	4
	0.3

	
	17
	[0.8]


3. Conclusion
We have provided a proposal for the MSD which includes reference sensitivity value for Band 4 when Band 17 is used for the uplink.  A reference architecture consisting of a harmonic trap filter at the output of the Band 17 Tx duplexer but before the low band switch is assumed.  A common diplexer placed at the antenna port separating high and low bands is also assumed since it is needed to provide isolation of the 3rd harmonic term.  With this, the maximum reference sensitivity degradation is estimated to be -90 dBm and -89.5 dBm for 5 and 10 MHz channel bandwidth, respectively.  Side conditions for the MSD specification have also been defined to ensure that the maximum 3rd harmonic interference falls within the Band 4 receive band.  A proposed way forward for agreement is detailed below.
Proposed Way Forward

1. Define MSD for Band 4 + Band 17 with the following conditions

· For the Band 17 uplink, the channel can be placed anywhere in the band.  While it may not be true for other class A2 band combinations, for the Band 4 + Band 17 combination, there is always full overlap of the 3rd harmonic of the uplink into the downlink.  The Band 17 downlink is placed according to the default Band 17 Rx-Tx separation of 30 MHz.

· For the Band 4 downlink, the channel should be placed at 3x the Band 17 uplink frequency.  The Band 4 uplink is placed according to the default Band 4 Rx-Tx separation of 400 MHz.

· As for all reference sensitivity/MSD tests, the downlink should be fully allocated for Band 4 downlink and for Band 17 downlink.

· The Band 17 uplink size should be 1/3 of the Band 4 downlink size; that is, for 10 MHz CBW in Band 4, the Band 17 uplink should be 16 RB’s and for 5 MHz CBW in Band 4, the Band 17 uplink should be 8 RB’s.  

· The uplink allocation in Band 17 can be placed anywhere in the channel since there is always full overlap no matter where it is placed.  We therefore propose to place the Band 17 uplink in the highest portion of the channel as close as possible to the Band 17 downlink to represent the worst case.

2. Define the uplink RB configuration of Band 17 according to Table 2.

3. Working assumption of RF architecture to include a single harmonic trap filter between the Band 17 duplexer and the low band switch.  A common diplexer at the antenna port is also assumed.

4. Define the MSD for CA_4_17 according to Table 3.

5. Define the TIB to be 0.8 dB for Band 17 and 0.3 dB for Band 4.

6. Apply the TIB of 0.3 dB to all bands that the device supports across all RAT’s to account for the common diplexer at the antenna, which is a necessary component of this design.
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� We note that it is by good fortune that the uplink allocation here is smaller than that for single carrier refsens for Band 17 in Table 7.3.1-2; otherwise, either the Band 17 refsens would also need an MSD defined due to excessive Tx noise, or the MSD for Band 4 in the Band 4 + Band 17 configuration would not account for the case of full overlap.
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