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1. Introduction

B3 + B8 is Class A2 CA combination with a H2 overlap.  We believe that adding a 1 MHz guard band on top of the just miss H2 condition will be important to meeting zero MSD.  The issue was discussed in RAN4#73-AH-UE-RF [3] but no actions were taken. In this contribution, we revisit the discussion and propose a correction to the 36.101.
2. Discussion

After previously analyzing B3+B42 CA [1], we took a renewed look at the previously agreed upon specification for B3+B8, which also is an A2 CA combination with H2 overlap between the Uplink of the lower band, and Downlink of the upper band.  Our analysis (presented here) indicates that in fact the HTF will be needed, and that some guard-band would be necessary to meet full reference sensitivity, as is currently requirement for the just miss H2 condition.

2.1. Case for 1MHz Guard-band in core spec
The case for necessary guard-band for harmonics has been made previously for harmonic related emissions [2].  This inspired us to realize perhaps it would be wise to look at guard bands for harmonically related CA as well.  For B8+B3, we analyzed operator spectrum holdings that we were aware of, and the closest case found was KT’s spectrum holdings, for which B8 Uplink is 905-915MHz, and B3 Downlink is 1830-1850MHz.  Since the min defined B8 UL channel is 5MHz, and min defined B3 DL channel is 10MHz for this CA combination, then the most challenging overlap case for KT’s spectrum (the closest to overlap) becomes 5Mhz LTE for B8 from 910-915MHz, in CA with 10MHz LTE for B3 over 1830 – 1840MHz.  If we examine the worst case resource element’s H2 from B8, that will be an upper edge of 914.75MHz x2 = 1829.5 MHz.  If we then examine the closest B3 downlink resource element, that will be a lower edge of 1830.5MHz.  Hence, the guard-band (or offset) from “just miss” H2 for the worst case operator holdings is 1MHz.

Observation 1:  Regarding H2 overlap, the worst case known B8+B3 operators holdings for B3+B8 have a 1MHz guard band between the H2 of the max RE of B8 uplink and the min RE of B3 downlink.
In fact, we realize that practically speaking, this 1MHz offset is a natural outcome for any CA combination with H2 overlap where the min Ch. BW of the lower band is 5MHz, and the max Ch. BW of the upper band is 10MHz.   Hence, we argue since there is no need to define any offset closer for B3+B8 that the core spec reflect this practical reality.
2.2. Analyzing MSD for B3+B8 due to H2 interference side lobe
In our analysis for MSD, we note the following differences for B3+B8 from B3+B42.  For one, we note the PCB Isolation can be ~5dB better at the lower frequencies due to conductive coupling improvement, so we believe 75dB is possible ~1850MHz.  We also believe the PA vendors can achieve an H2 performance of -37dBc without significant PAE degradation, which is another 2dB improvement.  Overall, this means that the PCB limited H2 interference performance for B8+B3 can be 7dB better than B3+B42.

Finally, in [1] we had noted that the H2 side lobe for ACLR limited signal for the just miss condition was -19dB.   For 1 MHz guard-band to this condition, we find another ~1dB improvement in performance.  Hence, we find the H2 side lobe interference for best possible PCB limited case as:  

27.5dBm – 37dBc PA H2 – 75dB PCB – 20dBc side lobe = -104.5dBm.  
Other important features of the analysis are a B3 total front end loss of 7dB, LNA Noise Figure of 5dB (which is 3dB usually taken and in addition includes the 3GPP 2dB implementation margin).  We also note that thermal noise gets the usual diversity gain, while H2 side lobe interference can be coherent and hence does not.
Finally, we note that the conducted path has far greater loss than the PCB isolation only when the HTF is included.  The B8 duplexer can achieve 40dB duplexer attenuation, while the HTF is 30dB and the diplexer ISO is 25dB.  So with the HTF, the main conducted path sum is 95dB, which exceeds the PCB ISO of 75dB by 20dB, meaning we are purely PCB limited (best performance).  Without the HTF, we note the conducted path sum would be only 65dB, which is 10dB less than the PCB ISO.  This means our H2 interference would be higher than the PCB limited best case by 10dB without the HTF!  Table 1 shows the effect on MSD with and without HTF.
  Table 1: B3 Sensitivity for B3+B8 CA for 0 and 1MHz Guard-band to just miss H2 condition
	 
	With HTF
	with HTF
	w/o HTF
	w/o HTF

	B3 CH BW (GB)
	Sensitivity (dBm)
	MSD (dBm)
	Sensitivity (dBm)
	MSD (dBm)

	10 MHz (1MHz)
	-94
	0
	-88.5
	5.5

	10MHz (no gb)
	-93.5
	0.5
	-87.8
	6.2


Tables 1 confirms that we needed the HTF and 1MHz guard band to just miss H2 condition to barely meet the zero MSD requirement for B3 in B3+B8 CA (which is currently in 36.101).  The currently defined case without HTF and zero GB to the just miss H2 could suffer up to ~6dB MSD per our analysis.
2.3. Proposal
Based on the MSD analysis presented, we recommend adding a 1MHz guard-band to the just miss H2 condition for B8+B3 to meet zero MSD.  

Proposal: To include the 1 MHz guard band in to REFSENS table.
Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

	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-12A5,6
	4
	-89.2
	-89.2
	-90
	-89.5
	
	
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5,6
	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 uplink transmission bandwidth of the low band for which the transmitter 2nd harmonic frequency including 1 MHz guard band is within the downlink 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 uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band.
NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that [image: image1.wmf]ë
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3. Conclusion
We presented the case that the HTF is in fact necessary for the B8+B3 CA in order to meet the currently defined sensitivity requirements, along with a 1MHz guard-band to the just miss H2 condition.  We noted that the 1 MHz guar band does not violate any of the known carrier spectrum holdings for B8+B3, since this CA combination defined B8 min Ch. BW to be 5MHz, and B3 min Ch. BE to be 10MHz.  In fact 1MHz is exactly the min guard-band in the most closely known carrier case.  We recommend modifying the spec to add 1MHz guard band to meet zero MSD for this CA combination, and also that for future discussions on Class A2 CA combinations, 3GPP RAN4 recognize that this CA combination in fact does require an HTF to meet existing sensitivity specification.
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