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1. Introduction

In RAN4 #79, a way forward for MSD in Band 46 was approved [1]. The way forward includes a collection of simulation data provided by several vendors and gives direction on how to specify band 46 MSD in both technical specifications (TS 36.101) and CA technical reports. 

In this contribution, following what already proposed in [2] and [3], we provide further simulation results for the LAA combos in which MSD has not been analyzed yet. Based on the data collected, we will also propose a CR for TS 36.101.

2. Discussion

In [1], several CA combinations involving LAA band (i.e. Band 46) were analyzed. The main agreement was related to the third harmonic analysis. In particular, it was decided that for third harmonic falling into B46, the refsense exclusion region should be [15]MHz from the just miss condition. Although still in square bracket, the 15MHz gap compared to the just miss harmonic condition was already included in TS 36.101 for B1, B2, B3, B4 and B66. In the following, we will extend our previous analysis in [2]. In particular, we will update results already provided in [2] in case new filter data are available, and we will also analyze new combinations which have been not taken into account yet. The following sub sections are organized per harmonic order, in section 3 a summary of our findings will be provided. 
Regarding PCB isolation and frontend loss in B46, we will use same as assumptions as in [2], i.e. 65 dB as the PCB Isolation value over the LAA band and a total front end loss of 5.5dB. Antenna to antenna isolation assumption in this analysis is 10dB. For the LAA path, we also assume an LAA LNA noise figure of 5dB, and 2dB implementation margin.
2.1. 2nd Harmonic

In [2] we already analyzed the 2nd harmonic contribution due to B7 and B41 falling into B46. The following assumptions are made:

· Third harmonic PA rejection: 35dBc

· B7 specific data:

· Duplexer attenuation: 25dB

· B41 specific data:

· Filter attenuation: 20dB

· Diplexer attenuation: 28dB

We analyze the direct harmonic hit in Band46 considering MRC combining. Our data shows the following MSD due to second harmonic hit:
· B46 MSD due to second harmonic from B7: 33dB. To guarantee 0dB MSD on B46, a side lobe rejection of 36.7dB is needed.

· B46 MSD due to second harmonic from B41: 32.5dB. To guarantee 0dB MSD on B46, a side lobe rejection of 36.2dB is needed.
By analyzing H2 spectral skirt, and considering the H2 side lobe rejection needed, we conclude that 0dB desense can be achieved at 30MHz offset from the just miss condition for both B7 and B41.   

2.2. 3nd Harmonic

For B46 MSD due to third harmonic a value in square brackets has been already specified in TS 36.101. Compared to the current version of the specification, B39 needs to be added in this category. We analyzed B39 filter data, and our analysis showed that with typical B39 duplexer performance, zero MSD can achieved at 15MHz offset to the just miss harmonic condition. Therefore, we propose to extend the value already specified for other H3 combos (namely B1, B2, B3, B4, B66) to B39. 

2.3. 4th Harmonic

In [2] we already analyzed the 4th harmonic contribution due to B11 falling into B46. In this paper, we also consider B21. The following assumptions are made:

· Fourth harmonic PA rejection: 50dBc

· B11 duplexer attenuation: 15dB

· B21 duplexer attenuation: 15dB

· Diplexer attenuation: 28dB

We analyze the direct harmonic hit in Band46 considering MRC combining. Our data shows that the MSD due to second harmonic hit from B11 and B21 is 20.2dB. The H4 side lobe rejection need to get no desense in B46 is 23.9dB.
By analyzing H4 spectral skirt, we conclude that 0dB desense can be achieved at 10MHz offset from the just miss condition. It is worth noticing that this analysis is carried out considering a 100RBs UL waveform on license band. In case the maximum channel BW available is 15MHz (e.g. B21), 7.5MHz offset compared to the just miss condition would be enough.  

2.4. 6th Harmonic

The new B8 + B46 combo requires an analysis of sixth harmonic from B8 falling into 5GHz spectrum. We analyzed PA 6th harmonic rejection and B8 duplexer data. Based on the available data, we use the following assumptions in our analysis:

· Sixth harmonic PA rejection: 55dBc

· B8 
duplexer attenuation: 15dB

· Diplexer attenuation: 25dB

Assuming MRC combining, our analysis shows a total direct hit MSD in B46 of 8.8dB. This implies an H6 side lobe rejection need to guarantee zero desense of about 12.1dB. Spectral analysis of H6 regrowth shows that this rejection can be achieved 20MHz inside the just miss condition (i.e. -20MHz offset compared to the just miss condition). Note that this analysis consider 100RBs waveform for B8, in case a 50RBs waveform is taken into account -10MHz compared to the just missed condition would be enough to guarantee no MSD on B46.  
2.5. 7th Harmonic

We already analyzed B46 MSD due B5 7th harmonic in [2]. In this contribution we extend the B5 analysis inside the just miss region and we also consider B19 and B28. For H7 analysis we use the following assumptions based on the available vendor data:

· Seventh harmonic PA rejection: 55dBc

· B5 duplexer attenuation: 32dB

· B19 duplexer attenuation: 32dB

· B28 duplexer attenuation: 20dB

· Diplexer attenuation: 25dB

Direct hit MSD obtained through MRC combining of primary and diversity paths shows a desense of 4.7dB for B5 and B19, and 6.9dB for B28. Considering the B28 worst case, the H7 side lobe rejection needed is 10dB. This can be achieved considering a -30MHz offset compared to the just miss H7 condition. Note that in case of 5MHz UL allocation, this value would imply no exclusion region. Therefore, RAN4 needs to clarify how to handle cases where for the same harmonic orders different UL allocations are possible for different CA combinations.
2.6. 8th Harmonic

B28 has also 8th harmonic falling into B46. Compared to H7 analysis for the same combination, the only difference is the PA H8 rejection capability. Our data shows a total rejection of 60dBc, leading to a direct hit MSD due to B28 8th harmonic falling into B46 of 4.25dB. This requires 6.9dB side lobe rejection in order to avoid desensing B46. By analyzing the H8 spectrum, we conclude that zero MSD on B46 can be achieved at -40dB offset compared to the just miss H8 condition.
2.7. Summary
In this contribution we analyzed impact of harmonics coming from license carriers to LAA band, namely B46. We have analyzed impact of 2nd, 3rd, 4th, 6th, 7th and 8th harmonic orders. Based on the simulation provided, we propose a guard band region from the just miss condition which can guarantee 0dB MSD on B46,

 Table 1 summarizes our results.  We provide both the direct hit harmonic MSD as well as the guard band from “just miss” condition required for zero MSD.  The side-lobe level is integrated over the full 20MHz LAA channel.  It’s worth noting that the guard-band provided is the “edge to edge” between the just miss harmonic edge and the edge of the LAA channel.
We propose to specify the guard band values provided in Table 1 in TS 36.101 B46 refsense table (Table 7.3.1A-0eA, Note 5).

Proposal 1: to specify the guard band values provided in Table 1 in TS 36.101 B46 refsense table (Table 7.3.1A-0eA, Note 5).

Table 1. LAA MSD and Guard-band from “just miss” harmonic condition for zero MSD
	Bands
	Harmonic 
Order
	Total Harmonic 
@ LAA LNA [dB]
	Direct Hit LAA MSD [dB]
	Side Lobe Level for zero MSD [dBm]
	Side Lobe reduction for zero MSD [dB]
	Guard band from "just miss" for zero MSD [MHz]
	Notes

	B41, B7
	2
	-62
	32.5
	-98.2
	36.2
	30
	 

	B1, B2, B3, B4, B39, B66
	3
	-72.2
	22.3
	-98.2
	26
	15
	

	B11, B21
	4
	-74.2
	20.2
	-98.2
	24
	10
	7.5Mhz in case of 15Mhz LTE (B21)

	B8
	6
	-86.1
	8.8
	-98.2
	12.1
	-20
	10MHz in case of 10MHz LTE (B8)

	B5, B19, B28
	7
	-88.2
	6.9
	-98.2
	10
	-30
	B28 has 100RBs, discussion is needed on how to handle smaller UL allocation

	B28
	8
	-91.3
	4.25
	-98.2
	6.9
	-40
	B28 has 100RBs


2.8. B42+B46

Regarding B42+B46, although there is no harmonic falling into B46, this combo suffers from a poor cross band isolation. Following our detail analysis in [3], we propose to specify and MSD value of 10.3dB for B42+B46 combo. 
Proposal 2: to specify -79.7dBm as the REFSENSE for B42+B46 combo in TS 36.101 B46 refsense table (Table 7.3.1A-0eA)
3. Modification to LAA REFSENSE table

Based on the analysis presented in this paper, we propose to modify Note 5 in the LAA REFSENSE table (Table 7.3.1A-0eA) in TS 36.101 Rel 13 spec as follow: 
Table 7.3.1A-0eA: Reference sensitivity QPSK PREFSENS
	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_1A-46A
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_2A-46A
	2
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	
	
	
	[-100.7]4
	[-97.7]4
	[-95.9]4
	[-94.7]4
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_3A-46A
	3
	
	
	-97
	-94
	-92.2
	-91
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_4A-46A
	4
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_7A-46A
	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	
	
	
	[-100.7]4
	[-97.7]4
	[-95.9]4
	[-94.7]4
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_41A-46A
	41
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	
	
	
	[-100.7]4
	[-97.7]4
	[-95.9]4
	[-94.7]4
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_42A-46A
	42
	
	
	-99
	-96
	-94.2
	-93
	FDD

	
	
	
	
	[-100.7]4
	[-97.7]4
	[-95.9]4
	[-94.7]4
	

	
	46
	
	
	
	
	
	-79.7
	TDD

	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:
Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.
NOTE 5:
The requirements do not apply when there is at least one individual RE within the uplink transmission bandwidth of the lower band for which the transmitter harmonic is within the downlink transmission bandwidth of the higher band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 15 MHz for CA_xA-46A (x=1, 2, 3 and 4) for 3rd harmonic. FHD = 30 MHz for CA_xA-46A (x=7 and 41) for 2nd harmonic.  


We implemented the associated Rel 13 CR in [4]. For band combinations introduced in Rel 14 more discussion is needed on how to handle the REFSENSE exemption in the B46 table. We invite companies to discuss this aspect at the beginning and agree on a WF which can used as guidance to write the Rel 14 CR. 
4. Conclusion
In this contribution we analysed the B46 desense due to harmonics coming from license carriers. We considered the impact of second, third, fourth, sixth, seventh and eight order harmonics. Based on the results provided, we made the following proposal:

Proposal 1: to specify the guard band values provided in Table 1 in TS 36.101 B46 refsense table (Table 7.3.1A-0eA, Note 5).

Regarding B42+B46 CA combinations, following our previous study in [3], we made the following proposal:

Proposal 2: to specify -79.7dBm as the REFSENSE for B42+B46 combo in TS 36.101 B46 refsense table (Table 7.3.1A-0eA)
We also provided a draft text for the TS 36.101 CR to modify B46 CA REFSENSE table in Rel 13 specifications. 
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