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[bookmark: _Ref463014664]Introduction
In RAN# 80bis the REFSENS specification for CA combinations including Band 46 was updated by introducing the concept of REFSENS exclusion region [1][2]. The table introduced in TS 36.101 only addresses exlusion region for the case of 20MHz LAA channels. In this contribution we provide observations about the different MSD level affecting 10MHz channels and we make proposals on how to update the specification of the exclusion region on include 10MHz LAA. We also provide a proposal for the MSD affecting the B42+B46 case.
Discussion
Two approaches 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 to harmonics an exclusion region to the REFSENS test is provided in Table 7.3.1A-0eC. In particular the table specifies the region in which the -90dBm REFSENS does not apply. This is done for each possible license carrier involved in the LAA CA combo. The MSD values provided by different companies are not specified in TS 36.101, but rather documented in the CA TRs.
Both approaches addressed the case of 20MHz LAA channel so far. For the case of B42+B46 we already. In the following subsections we will extend the analysis and make proposals for the 10MHz case.
MSD for B42+B46
For the B42+B46 case, we already provided our analysis in [3]. In this particular combo the main issue is frequency proximity and poor cross band isolation. Our analysis showed a very marginal difference compared to the 20MHz case, hence we made the following proposal: to specify MSD=10.2dB for B46 REFSENS (10MHz channel BW) in B42+B46. 
The final value introduced in the spec was a compromise based on the inputs provided by several companies. An MSD of 7dB was agreed, hence REFSENS value for B42+B46 in case of 20MHz channel on B46 is -83dBm. Following the same approach a compromise could be to agree on the same MSD, i.e. 7dB and specify a REFSENS of -86dBm for B42+B46 in case of 10MHz channel on B46:
Proposal 1: to specify 10MHz B46 REFSENS equal to -86dBm in B42+B46 CA.
Exclusion region for 10MHz LAA channels
The definition of exclusion region for LAA REFSENS due to harmonics took three meeting cycles. The reason for this very long time needed to specify the impact of harmonics to B46 was mainly due to the very wide spectrum covered by LAA band, i.e. from 5150MHz to 5925MHz. As a consequence, a very large number of CA combinations have harmonics falling into B46. In particular, several analysis were performed considering second to eight harmonic orders issues. Needless to say, this was a very large amount of work carried out by the different companies involved in the LAA specification. In theory the same approach should be repeated for the 10MHz cases, meaning that each case should be analyzed individually. 
In order the avoid work replication and the need to find new compromises for each combination, we try to make some generic observations about the relationship between 10MHz and 20MHz LAA, with the goal to come up with an easy approach to extend the exclusion region requirement to the 10MHz case. First of all, it is important to list some facts:
· B46 10MHz REFSENS is 3dB lower compared to the 20MHz value
· In all the CA with significant MSD the interference from harmonics dominates compared to thermal noise
· The harmonic interference is not flat
· The harmonic spectrum decaying depends on the harmonic order
· The harmonic spectrum decaying depends on the UL allocation, i.e. number of transmitted RBs
As it can be noted by the observations above, there are several elements which come into picture in the determination of the final MSD value. Nevertheless, some key observations can be made based on two extreme cases:
· If the harmonic spectrum is flat over 20MHz channel, MSD for the 10MHz will be mathematically the same compared to the one affecting the 20MHz channel. The reason is that the integration of the harmonic interference over 10MHz will bring 3dB lower interference compared to the 20MHz case, thus fully compensating the 3dB tighter REFSENS.
· If the harmonic spectrum is a square 10MHz wide, the MSD for 10MHz channel will be 3dB higher compared to the 20MHz channel case. The reason is that the interferer power will be the same in the two cases, while 10MHz will have 3dB lower sensitivity.  
As already mentioned, the harmonic spectrum is not flat, depending on both harmonic order and UL allocation. Just as an example, we show two cases for the most studied scenario, i.e. the impact of third harmonic. Figure 1 shows the spectrum shape for the case of 5MHz and 10MHz UL allocation. At it can be observed, in both cases the spectrum is not flat over 20MHz, and especially for the 5MHz allocation most of the harmonic interference is concentrated in the central 10MHz of the main lobe, thus meaning that for this particular case MSD increase will be very close to 3dB. 
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[bookmark: _Ref466204436]Figure 1. Third harmonic spectrum for the case of 5MHz and 10MHz UL allocation.
Based on the evidence that harmonic spectrum is never completely flat, the following generic observation can be made:
Observation 1: MSD for 10MHz B46 channel will be equal or larger compared to the 20MHz case.
Given the above observation, higher harmonic rejection would be needed to compensate for the higher MSD
Observation 2: Higher harmonic rejection is needed to compensate for higher MSD.
The next step in the logic we are following is to understand how the higher harmonic rejection would translate into exclusion region. Even in this case, the behavior will strongly depends on harmonic order and UL allocation. In case of flat spectrum the higher rejection needed would be compensated by the lower integration bandwidth. However, as it can be observed in Figure 1, especially in the region of interest, i.e. far from main lobe, the harmonic shape is very colored. In particular, given the spectrum decay the integration of the first 10MHz will always give the most relevant part in terms of harmonic interference. Based on this, we can observe the following:
Observation 3: To compensate the higher harmonic rejection needed for 10MHz LAA channel, larger exclusion region might be required.
Now the critical point is how to account for this larger exclusion region in the specification. We ran some analysis from only few sample points to estimate the increase in exclusion region. What we observed is that for the most challenging cases, i.e. low UL allocation, up to 10MHz extra exclusion region, i.e. 5MHz on each side. This is particularly true for the case of 5MHz allocation. The extra region needed will diminish with larger allocation. Based on this observation, and with the aim of finding a common solution to cover all harmonic cases, we make the following proposal:
Proposal 2: the exclusion regions for 10MHz LAA channels should be increased compared to the ones specified in Table 7.3.1A-0eC by the following amount:
· 5MHz on each side for UL allocation equal to 5MHz (total of 10MHz larger exclusion region)
· 2.5MHz on each side for UL allocation equal to 10MHz (total of 5MHz larger exclusion region)
· 1.875MHz on each side for UL allocation equal to 15MHz (total of 3.75MHz larger exclusion region)
· 1.25MHz on each side for UL allocation equal to 20MHz (total of 2.5MHz larger exclusion region)

Conclusions
In this contribution we studied the MSD and REFSENS exclusion region requirements for CA combinations with 10MHz LAA channels (B46). For the B42+B46 we made the following proposal:
Proposal 1: to specify 10MHz B46 REFSENS equal to -86dBm in B42+B46 CA.
We also provided the following observation about the impact of harmonics:
Observation 1: MSD for 10MHz B46 channel will be equal or larger compared to the 20MHz case.
Observation 2: Higher harmonic rejection is needed to compensate for higher MSD.
Observation 3: To compensate the higher harmonic rejection needed for 10MHz LAA channel, larger exclusion region might be required.
Based on the above observations, and with the aim of finding a common solution to handle all harmonic cases, we make the following proposal:
[bookmark: _GoBack]Proposal 2: the exclusion regions for 10MHz LAA channels should be increased compared to the ones specified in Table 7.3.1A-0eC by the following amount:
· 5MHz on each side for UL allocation equal to 5MHz (total of 10MHz larger exclusion region)
· 2.5MHz on each side for UL allocation equal to 10MHz (total of 5MHz larger exclusion region)
· 1.875MHz on each side for UL allocation equal to 15MHz (total of 3.75MHz larger exclusion region)
· 1.25MHz on each side for UL allocation equal to 20MHz (total of 2.5MHz larger exclusion region)
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