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1. Introduction
This contribution is a proposal to design a per band signalling bit enabling UEs that have good licensed band harmonic performance to let the network know that they do not require REFSENS measurement exclusion and thus full band 46 can be exploited. The same signalling can be used for conformance testing to disable the REFSENS measurement exclusion on a per band basis. This proposal is derived from Nanjing RAN4#79 last meeting R4-163449 contribution [2] which was captured in the R4-164831 way forward [1].
2. Discussion
In last meeting RAM#79 in Nanjing a proposal [2] to re-use the HTF signalling bit to signal on a per band basis UE capability to support LAA CA combinations with band 46 without the need for REFSENS measurement exclusion could not reach consensus as captured in [1]. It is to be noted that at the time the only cases for REFSENS measurement exclusion were assumed to be for harmonic order <4, since then cases with up to 8th harmonic have been considered. This proposal will address the remaining concerns and propose to design a new signalling bit on a per band basis that allows the network and conformance test to ignore REFSENS measurement exclusion for UE implementations designed for concurrent operation with 5GHz WiFi and thus have proper harmonic performance. 
2.1. Addressing concerns raised on previous proposal

When the reuse of HTF bit was proposed it raised two types of concerns in RAN4 and consensus could not be achieved:

1. There was agreement not to use harmonic trap filter (HTF)

2. Only minimum requirement is needed
Addressing 1: There was agreement not to use harmonic trap filter (HTF) for band 46 protection
The reuse of HTF bit created the confusion that the addition of a harmonic trap filter was proposed. This was not the case, the reuse of HTF bit was proposed for convenience since it was already available and was not supposed to be used in the case of LAA CA combos specifically because harmonic trap filter was not supposed to be used. It is possible to achieve good harmonic performance without the use of harmonic trap filter especially for low frequency bands.

To clarify the signification of the agreement not to use harmonic trap filter it should be stated that from a requirement point of view it means that no ∆TIB and ∆RIB values should be specified for the licensed bands. It does not prevent the use of harmonic filtering provided that REFSENS and transmit power are met.
Addressing 2: Only minimum requirement is needed

In this case the REFSENS measurement exclusion cannot be seen as a minimum requirement but rather as the absence of requirement. Since no MSD value is specified or required to be met the receiver performance is basically unknown for the frequencies within the REFSENS measurement exclusion. The MSD values captured in the reports are not a minimum requirement but rather a justification for a REFSENS measurement exclusion, note also that provided values are quite dispersed and that the exclusion zone does not take into account the actual UL RB allocation but a worst case full allocation. 
This means that there is no possibility for the system to anticipate when that exclusion range can be used for LAA downlink CA:

·  It can’t anticipate at which band 46 received power level a link becomes feasible

·  It doesn’t know for which licensed band lower than maximum output power the de-sense of the band 46 receiver becomes negligible and default RESENS value can be assumed
·  It cannot take into account the actual UL channel and RB allocation to know if the band 46 downlink channel is still within the exclusion range or not.

The proposed signaling method enables the network to make full use of the available band 46 spectrum for the licensed bands in which the UE does not need REFSENS measurement exclusion and avoids the burden of specifying a true minimum requirement in the form of an agreed MSD. That signaling also enables the conformance test to disable the REFSENS measurement exclusion as needed.
2.2. Possibility to achieve proper licensed band UL harmonic rejection such that there is no MSD in band 46
As it has been demonstrated in R4-165474 [3] it is possible to achieve sufficiently low licensed band harmonic level to prevent band 46 de-sense provided that components that have been designed for concurrent operation with 5GHz WiFi are used and limitations due to PCB isolation are solved by using integrated PA/Duplexer/Switch modules.
2.2.1. MSD analysis for integrated module solution with band 46 receiver having no margin to REFSENS

As a reminder table 1 is a summary of the results obtained in [3] using integrated module and assuming that the band 46 receiver as no margin to REFSENS resulting into a 15.4dB noise figure. The table 1 provides the calculated MSD the derived frequency gap beyond the direct harmonic hit and the missing attenuation to achieve a calculated 0 MSD (a negative missing attenuation constitutes a margin to the specification).
Table 1: MSD, gap and missing attenuation for marginal band 46 receiver design
	Band
	harmonic order
	MSD
	gap
	missing att
	Band
	harmonic order
	MSD
	gap
	missing att

	[-]
	[-]
	[dB]
	[MHz]
	[dB]
	[-]
	[-]
	[dB]
	[MHz]
	[dB]

	REFSENS
	-
	-0.04
	na
	-
	11
	4
	0.06
	na
	-1

	7
	2
	-0.04
	na
	-11
	21
	4
	0.06
	na
	-1

	41
	2
	1.02
	0
	9
	5
	6
	-0.05
	na
	-46

	1
	3
	0.29
	-10
	4
	8
	6
	-0.04
	na
	-16

	2
	3
	0.29
	-10
	4
	5
	7
	-0.04
	na
	-16

	3
	3
	0.29
	-10
	4
	13
	7
	-0.04
	na
	-16

	4
	3
	0.29
	-10
	4
	19
	7
	-0.04
	na
	-16

	39
	3
	0.29
	-10
	4
	28
	7
	-0.04
	na
	-16

	66
	3
	0.29
	-10
	4
	28
	8
	-0.04
	na
	-16


Observation 1
· Even in a worst case band 46 receiver performance all low bands can be implemented with significant margin and achieve band 46 REFSENS without MSD
· Band 7 can be achieved with no MSD since the harmonic is offset by 20dB as it fall 10 MHz below band 46
· 1.5GHz bands (band 11/21) are only missing 1 dB further attenuation to result in no MSD

· Mid bands (band 1/2/3/4/39/66) would only require a further 4dB attenuation to result in no MSD

· Only band 41 still suffer from significant MSD and would require close to 10dB further improvement in harmonic attenuation

2.2.2. MSD analysis for integrated module solution with state of the art band 46 receiver with margin to REFSENS

Previous calculations were based on a very worst case band 46 receiver performance. It is to be noted though that commercial 5GHz WiFi solutions using a RF front end module achieves much better performance than the currently assumed 15.4dB system Noise Figure and numbers closer to 10dB NF can be achieved. To account for the further complexity of a LAA front end a conservative number of 13dB is used for MSD calculation in Table 2.
Table 2: MSD, gap and missing attenuation for marginal band 46 receiver design

	Band
	harmonic order
	MSD
	gap
	missing att
	Band
	harmonic order
	MSD
	gap
	missing att

	[-]
	[-]
	[dB]
	[MHz]
	[dB]
	[-]
	[-]
	[dB]
	[MHz]
	[dB]

	REFSENS
	-
	-2.44
	na
	-
	11
	4
	-2.26
	na
	-12

	7
	2
	-2.43
	na
	-22
	21
	4
	-2.26
	na
	-12

	41
	2
	-0.73
	na
	-2
	5
	6
	-2.45
	na
	-57

	1
	3
	-1.87
	na
	-7
	8
	6
	-2.44
	na
	-27

	2
	3
	-1.87
	na
	-7
	5
	7
	-2.44
	na
	-27

	3
	3
	-1.87
	na
	-7
	13
	7
	-2.44
	na
	-27

	4
	3
	-1.87
	na
	-7
	19
	7
	-2.44
	na
	-27

	39
	3
	-1.87
	na
	-7
	28
	7
	-2.44
	na
	-27

	66
	3
	-1.87
	na
	-7
	28
	8
	-2.44
	na
	-27


As expected this solution now shows 2.5dB margin to the REFSENS and thus part of this margin can be allocated to the degradation due to the harmonic interference.
Observation 2
· Allocating more room for harmonic degradation all bands are now allowing a band 46 receiver without REFSENS degradation with significant margin
· Only band 41 results in a marginal situation with only 2 dB margin 

2.3. Signaling proposal
Although we acknowledge that state of the art front end components designed for WiFi concurrent operation cannot be the basis of deriving minimum requirement we believe that a REFSENS measurement exclusion is not exactly a minimum requirement and thus prevents the optimum use of band 46 spectrum.

Similarly we recognize that some bands (band 41 or future CA combinations) may anyhow require REFSENS measurement exclusion as harmonic interference level may not allow a baseline band 46 REFSENS

As a mitigation method and to avoid the burden of setting true minimum requirements in terms of MSD it is proposed to use a per band signaling instead for those solution that can support LAA CA combinations with band 46 meeting the REFSENS baseline specification of -90dBm for a 20MHz channel.
Proposal 1
Add a one bit signaling in RAN2 on a per band basis to signal to the network (and conformance test) that no REFSENS measurement exclusion is needed:

· Bit=1: no REFSENS measurement exclusion is needed for this band, no ∆TIB and ∆RIB are assumed (i.e. the value is 0dB) 
· Bit=0: REFSENS measurement exclusion is needed as defined in the minimum requirement spec including frequency gap

Proposal 2

Since the HTF bit is not currently used for band 46 (no harmonic trap filter is agreed on licensed band for these CA combination) RAN2 may decide of reusing the HTF bit for the function in proposal 1 if appropriate.
3. Conclusion
This contribution is addressing the fact that the agreed REFSENS measurement exclusion approach does not constitute a minimum requirement as such and may impair the system to fully benefit from the band 46 spectrum. Also it demonstrates that there is solutions to the band 46 de-sense issue due to licensed band UL harmonic interference especially in the low band. As a mitigation method and to avoid cumbersome minimum requirement agreement a signalling approach is proposed that enables a per band declaration of the UE of needing REFSENS measurement exclusion or not.
Proposal 1
Obtain a one bit signaling from RAN2 on a per band basis to signal to the network (and conformance test) that no REFSENS measurement exclusion is needed:

· Bit=1: no REFSENS measurement exclusion is needed for this band, no ∆TIB and ∆RIB are assumed (i.e. the value is 0dB) 
· Bit=0: REFSENS measurement exclusion is needed as defined in the minimum requirement spec including frequency gap

Proposal 2

Since the HTF bit is not currently used for band 46 (no harmonic trap filter is agreed on licensed band for these CA combination) RAN2 may decide if reusing of HTF bit for the function in proposal 1 is appropriate.
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