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1
Introduction

For a UE supporting inter-band CA configurations, the receiver sensitivity may be degraded by the impact of harmonic product, e.g., inter-band CA class A2 [1].  The impact of the receiver sensitivity degradation due to harmonic product on RRM requirements were discussed in last few RAN4 meetings. But, no conclusion was reached. In this contribution, we further discuss how to consider the impact of harmonics on the RRM Requirements.
2
Impact of harmonic product on REFSENSE for inter-band CA
To facilitate the discussion, the impact of inter-band CA harmonics on the reference sensitivity is copied from TS 36.101 (Rel-11) as follows:
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 with the following exceptions.

For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0a, exceptions are allowed when the uplink active in the lower-frequency operating band is within a specified frequency range as noted in Table 7.3.1A-0a. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a, Table 7.3.1A-0b and Table 7.3.1A-0c.
Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_4A-12A5
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	
	
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
No requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 2nd harmonic is within the transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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Table 7.3.1A-0b: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_4A-12A
	12
	2
	5
	8
	16
	
	
	FDD

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


Unless given by Table 7.3.1A-0c, the minimum requirements specified in Tables 7.3.1A-0a and 7.3.1A-0b shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 

 Table 7.3.1A-0c: Network signalling value for reference sensitivity

	E-UTRA CA Configuration
	Uplink Band
	Network Signalling value

	CA_4A-12A
	12
	NS_06 

	CA_4A-17A
	17
	NS_06


Based on above requirements from TS 36.101, the impact of inter-band CA harmonics on the receiver reference sensitivity can be characterized with the following aspects:
· Inter-band CA harmonics will have impact on the REFSENSE for inter-band CA configurations when the uplink in the lower-frequency operating band is active for some band combinations listed in Table 7.3.1A-0a. Whether the uplink in the high-frequency is active is actually not relevant.
· The impacts of the harmonics on the REFSENSE are different

· for different CA configurations

· for different bands in the same CA configuration, and also 

· for different channel bandwidths;

· Because of the harmonics, the REFSENSE will change from Table 7.3.1-1 to Table 7.3.1A-0a under the specified conditions .
· The REFSENSE degradation is determined by the differences between Table 7.3.1-1 and Table 7.3.1A-0a
· The impact of the harmonics on the REFSENSE depends on transmitter powers
· REFSENSE degradation determined by the differences between Table 7.3.1-1 and Table 7.3.1A-0a is applicable only when the transmitter is set to PUMAX..
· By comparison between Table 7.3.1-1 and Table 7.3.1A-0a, one may find that the impact of the harmonics on the REFSENSE is actually quite significant, much larger than the impact of the insertion loss under the specified conditions. For example, the reference sensitivity differences of Band 4 in Table 7.3.1-1 and Table 7.3.1A-0a are
Reference sensitivity differences between Table 7.3.1-1 and Table 7.3.1A-0a for Band 4 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	4
	[15.5]
	[12.5]
	[10]
	[7.5]
	
	
	FDD


3
Impact of harmonic product on RRM requirements and test cases for inter-band CA

3.1
Impact on RRM requirements due to harmonics
In TS 36.133, the impact of insertion loss on inter-band CA RRM requirements was addressed by adjusting the RSRP, SCH_RP, PRP and Io levels by the amount of the sensitivity degradation caused by the insertion. For example, in Section 8 of TS 36.133[4], it states that 
For a UE supporting a band combination of E-UTRA carrier aggregation with one uplink carrier configuration, if there is a relaxation of receiver sensitivity ΔRIB,c as defined in TS36.101 [5] due to the CA configuration, the E-UTRAN measurement side conditions of the RSRP, SCH_RP, and PRP levels for the requirements defined in the clause 8 associated with each downlink band shall be increased by the amount ΔRIB,c defined for the corresponding downlink band.
Similar approach may be used for address the impact of harmonic impact on RRM performance requirements for inter-band CA in Rel-11. For example, for a UE operating with a CA configuration with harmonic product shown in Table 7.3.1A-0a in TS 36.101, the E-UTRAN measurement side conditions of the RSRP, SCH_RP, and PRP levels for the requirements defined in the clause 8 need to be adjusted as follows:
For the UE that supports the E-UTRA CA configurations given in Table 7.3.1A-0a, when the uplink active in the lower-frequency operating band is within a specified frequency range as noted in Table 7.3.1A-0a, the E-UTRAN measurement side conditions of the RSRP, SCH_RP, and PRP levels should be increased by the amount of sensitivity degradation determined by the difference of reference sensitivity for the specified frequency range given by Table 7.3.1A-0a and Table 7.3.1-1 in TS 36.101 under the conditions specified in Table 7.3.1A-0a, Table 7.3.1A-0b and Table 7.3.1A-0c.
3.2
Impact on RRM Test Cases
For the impact of insertion loss on RRM test cases, it was agreed that there is no need to adjust test parameters when the reference sensitivity degradation due to the insertion loss is 1dB or less. Since the sensitivity degradation due to insertion loss identified so far for all currently proposed inter-band CA configurations are less than 1dB, thus there is actually no need to change test cases because of the insertion loss.

The impacts of harmonics on the test cases are quite different with the impact of insertion loss in a number of aspects:
· The sensitivity degradation due to the harmonics can be much larger than that caused by the insertion loss, as discussed in previously. 

· The values of sensitivity degradation are defined under specific, complicated conditions as shown in the Table 7.3.1A-0a. 
· The defined values of sensitivity degradation apply only when the transmitter is set to PUMAX. In TS 36.133

· Currently, there is actually no existing RRM test case that requires setting the conditions under which the sensitivity degradation due to harmonics is defined. 
In another word, define new test cases for verifying the UE performances under the impact of harmonics may not be a simple task. More discussion are obviously needed on whether to define the test cases for the impact of the harmonics on the RRM performance requirements, and if yes, how to define them.
4
Conclusion
In this paper, we further discussed the impact of harmonics on RRM performance requirements and test cusses for inter-band CA configurations. It proposes the impact could be addressed by adjusting the RSRP, SCH_RP, PRP and Io levels in the RRM requirements [5] by the amount of receive sensitivity degradation caused by the harmonics which can be derived from the requirements defined in TS 36.101. However, it points out the receive sensitivity degradation defined in TS 36.101 is applicable only under specific conditions, which in turn, introduces additional complexity in defining the new test cases for verifying the UE performances under the impact of harmonics. We suggest more discussions on whether and how to define the test cases for the impact of the harmonics on the RRM performance requirements and test cases.
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