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Introduction
In RAN4 #80 very good progress was made on the specification of MSD for CA involving Band 46. A way forward was approved with major agreements on the specification of the “gap” determining the REFSENS exclusion region [1]. The outcome of this WF was ratified in Rel 13 and Rel 14 CRs to TS 36.101 [2][3][4]. 
While all the work done so far addressed 20MHz LAA channels, i.e. REFSENS for 20MHz channels in band 46, this contribution takes into 10MHz channels. We will provide generic observations about how to handle the LAA 10MHz case and we will also make specific proposals. 
Discussion
So far two approached have been used to taken into account LAA desense due to UL transmission in license carriers:
· For the case of close proximity between license and unlicensed (B46) carriers and MSD value is specified in 36.101. In particular this was done for B42+B46 where B46 desense is present due to poor cross band isolation. The MSD value specified for the 20MHz LAA channel is 7dB, i.e. CA_42A-46A REFSENSE is -83dBm.
· For the case of MSD due two harmonics an exception to the REFSENS test is provided in Table 7.3.1A-0eA. In particular a note specifies the region in which the -90dBm REFSENS does not apply. This is done for each harmonic case. The MSD values provided by different companies are not specified in TS 36.101, but rather documented in the CA TR.
For the case of pure cross band isolation, the same approach can be adopted in case of 10MHz channel, i.e. the REFSENSE for B42+B46 needs to be updated to consider the desens due to B42 over the 10MHz LAA channel. For this we will provide a specific observation in section 2.1.
The harmonic case is a bit more complicated to be handles and requires some clarification. First of all it is important to understand if the 10MHz channels can be placed all over Band 46 or only few carrier frequencies are allowed. After an extremely long discussion, in RAN4 #78bis (meeting in Cabo) a “WF on LAA Bandwidth combination sets in CA basket work items” was approved. Regarding the channel raster, the WF includes the following text in the note for B46 channel raster:
NDL and NUL are allowed for operation in Band 46 assuming 10MHz channel bandwidth NDL =NUL = {n-2, n-1, n, n+1, n+2 | n = 52590 (5730 MHz), 53590 (5830 MHz)} . 10 MHz operation in Band 46 is specified for deployment in India and other regions are FFS. 10 MHz bandwidth shall not be used when overlapping with a 20MHz channel where the absence of non 3GPP technologies cannot be guaranteed on a long term basis (e.g., by level of regulation) unless additional work on channel access is agreed and completed to ensure fair coexistence with these other non 3GPP technologies
From the note it was clear that only two 10MHz channels were allowed, i.e. channels centered in 5730MHz and 5830MHz, respectively. However, this agreement is not captured in TS 36.104 and TS 36.141 specifications yet. Therefore we ask RAN4 to clarify this aspect. 
Observation 1: RAN4 should clarify where the 10MHz LAA channels are located. 
Another observations is that, even if only few raster for B46 10MHz channels will be allowed in BS specification, UE specification still allow full 100KHz raster granularity. We raised several times this issue asking to align BS and UE channel raster for Band 46 [6], however our CR in [7] was not agreed. We still believe it is important to clarify this aspect and eventually aligned BS and UE channel raster.
Observation 2: RAN4 should clarify whether aligning BS and UE band 46 channel raster is needed to handle harmonics hitting 10MHz channels. 
It is indeed worth noting that depending on whether only the channels agreed in [5] needs to be taken into account or not, the number of harmonic cases to be taken into account will be lower, as listed Table 1. 
[bookmark: _Ref462848547]Table 1. List of harmonic hit cases for different 10MHz channels configurations.
	
	
	
	
	Harmonic Region
	Direct harmonic hit (YES/NO)

	Tx Band
	Flow
	Fhigh
	Harmonic Order
	Flow
	Fhigh
	to 
Band 46
	to 10MHz channel in 5730
	to 10MHz channel in 5830

	1
	1920
	1980
	3
	5760
	5940
	YES
	NO
	YES

	2
	1850
	1910
	3
	5550
	5730
	YES
	YES
	NO

	3
	1710
	1785
	3
	5130
	5355
	YES
	NO
	NO

	4
	1710
	1755
	3
	5130
	5265
	YES
	NO
	NO

	5
	824
	849
	7
	5768
	5943
	YES
	NO
	YES

	7
	2500
	2570
	2
	5000
	5140
	NO
	NO
	NO

	8
	880
	915
	6
	5280
	5490
	YES
	NO
	NO

	11
	1427.9
	1447.9
	4
	5711.6
	5791.6
	YES
	YES
	NO

	13
	777
	787
	7
	5439
	5509
	YES
	NO
	NO

	19
	830
	845
	7
	5810
	5915
	YES
	NO
	YES

	21
	1447.9
	1462.9
	4
	5791.6
	5851.6
	YES
	NO
	YES

	28
	703
	748
	7
	4921
	5236
	YES
	NO
	NO

	28
	703
	748
	8
	5624
	5984
	YES
	YES
	YES

	39
	1880
	1920
	3
	5640
	5760
	YES
	YES
	NO

	40
	2300
	2400
	3
	6900
	7200
	NO
	NO
	NO

	41
	2496
	2690
	2
	4992
	5380
	YES
	NO
	NO

	42
	3400
	3600
	3
	10200
	10800
	NO
	NO
	NO

	66
	1710
	1780
	3
	5130
	5340
	YES
	NO
	NO



[bookmark: _Ref463041980]REFSENSE exclusion region for 10MHz LAA channels
In this section we only provide some observations about the impact of harmonics on 10MHz channels compared to what already specified for 20MHz B46 channels. Just considering the maximum UL allocation, i.e. 100RBs, the following observations can be made:
· Direct hit MSD will be 3dB worse for 10MHz LAA BW vs 20MHz LAA BW.  This is simply because the harmonic level is dominant over thermal noise, but 10MHz REFSENS level is 3dB lower.  So for the identical LAA interference limited sensitivity, MSD is consequently 3dB higher for 10MHz vs 20MHz LAA.  
· Given the previous bullet, the required side-lobe rejection is 3dB higher for zero MSD for 10MHz LAA vs 20MHz LAA.  
· However the final exclusion region depends on the delta of integrating over 10MHz channel vs 20MHz and it depends on the harmonics spectrum skirt.
This are only generic observations and a careful analysis is needed, we invite companies to contribute to this topic. 
Analysis of B46 10MHz channel MSD in B42+B46
As already mentioned, the REFSENSE value for B42+B46 case was approved in RAN4 #80. The value of -83dBm, corresponding to an MSD of 7dB, was obtained by considering the contributions in [8] and [9].  
Below we report the main assumptions we used in the analysis in [8].
[bookmark: _Ref447127074]Table 2. B42+B46 diplexer from different vendors.
	
	
	Vendor A
	Vendor B
	Vendor C
	Mean

	IL [dB]
	B42
	0.6
	1.1
	1.1
	0.9

	
	B46
	0.9
	1.1
	1.2
	1.1

	Rejection [dB]
	B42
	18
	25
	30
	24.3

	
	B46
	20
	25
	30
	25.0



Additional filtering is needed at the cost of increasing IL. In our analysis we include a notch filter which can provide additional 10dB rejection with about 1.2dB additional insertion loss. This gives a total of about 35dB isolation cross isolation from B42 to B46. A noise figure of 14dB was used due to significant LNA gain compression cause by the low cross band ISO.
The others main technical assumptions we adopted for MSD calculation are summarized in Table 3. 
[bookmark: _Ref447194690]Table 3. Main technical assumptions for MSD analysis.
	Key technical assumptions for MSD analysis

	Total B46 FE loss [dB]
	5.5

	Noise Figure [dB]
	14

	IP2 [dBm]
	50

	Rx LO phase noise [dBm/Hz]
	-158

	PA Rx band noise [dBm/Hz]
	-125



The same considerations we made in [8] still applies here, i.e. the main contribution to MSD is due to IM2. Compared to our previous analysis, where we observed an MSD equal to 10.3dB for the 20MHz case, we observe only a very marginal difference for the 10MHz case. Indeed, considering the data listed above, our calculation for the MSD applicable to B46 10MHz channel based on MRC combining gives us a value of 10.2dB.
Proposal 1: to specify MSD=10.2dB for B46 REFSENS (10MHz channel BW) in B42+B46 CA.
Conclusion
In this contribution we provide some observations about the MSD analysis for 10MHz LAA channels:
Observation 1: RAN4 should clarify where the 10MHz LAA channels are located. 
[bookmark: _GoBack]Observation 2: RAN4 should clarify whether aligning BS and UE band 46 channel raster is needed to handle harmonics hitting 10MHz channels. 
Regarding B42+B46, we also made the following proposal:
Proposal 1: to specify MSD=10.2dB for B46 REFSENS (10MHz channel BW) in B42+B46 CA.
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