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Introduction
In the RAN4#96 e-meeting it was proposed to use the same REFSENS numbers for n96 and n46 based on noise figure assumptions used for LAA in Band 46. However, some companies requested a small relaxation for the 6 GHz band which could have been agreed but for some others who wanted a significantly higher relaxation and, consequently, the whole NRU UE CR could not be agreed. In the RAN#89 e-meeting the same CR was submitted and a range agreed for the band n96 REFSENS in [1], and this has to be resolved as part of the exception sheet [2]. In this contribution, we provide justification for REFSENS values for n96.
Discussion
Establishing REFSENS for n96
Comparing with Other NR TDD Bands and n46
In our module products for both LAA and WiFi the achievable noise figure is significantly lower than 3GPP LAA Band 46 assumptions, including for our latest 802.11ax products that cover both 5 GHz and 6 GHz bands. Since we acknowledge that other implementations may have higher NF, and must be enabled by the specification, the best approach is to start by comparing the NR TDD bands above 3.3 GHz. Table 1 provides such comparison in terms of bandwidth and frequency increase and the related REFSENS.
Table 1: Fractional bandwidth and bandwidth extension of TDD bands >3.3GHz
	Band
	F low
[MHz]
	F high
[MHz]
	Fractional
Bandwidth
	Frequency
increase
	REFSENS [dBm]
for 15 kHz SCS

	n77
	3300
	4200
	24%
	11%
	vs n78
	-92.2 at 20 MHz
-89.6 at 40MHz

	n78
	3300
	3800
	14%
	 
	 
	-92.7 at 20 MHz
-89.6 at 40 MHz

	n79
	4400
	5000
	13%
	19%
32%
	vs n77
vs n78
	-89.6 at 40MHz
= -92.7 at 20 MHz

	n46
	5150
	5925
	14%
	19%
	vs n79
	-89.7 at 20 MHz
-86.6 at 40MHz

	n96
	5925
	7125
	18%
	20%
	vs n46
	[-89.7 to -87.3] at 20 MHz
[-86.6 to -84.2] at 40 MHz

	n46+96
	5150
	7125
	32%
	20%
	vs n46
	 



Observations:
· Frequency extension for n96 vs n46 is 20% while fractional bandwidth is increased from 14% to 18%
· Same REFSENS for n79 and n78 even with >30% higher frequency and similar fractional bandwidth
· However n46 is also ~20% higher than n79 but has 3dB higher REFSENS, this was done in LAA to accommodate any recombination to antennas and assuming lower performance for an unlicensed band.
· Band n77 has 0.5dB higher RFESENS than n78 to account for fractional bandwidth increase from 14 % to 24%
From these observations, it can be concluded that the 3dB higher REFSENS for n46 compared to n79 can largely account for the increased frequency and bandwidth for n96 thus the same REFSENS can be used for n46 and n96. 

If any relaxation is deemed appropriat, a 0.5dB higher REFSENS for n96 compared to n46 would be acceptable to accommodate the slight increase in frequency and fractional bandwidth.
Comparing with 802.11ax
Another way to gauge the n96 REFSENS and also evaluate the competitiveness of NRU with WiFi is to compare with the 802.11ax REFSENS specification as recently updated in [3]. This amendment specifically addresses operation up to 7.125 GHz as can be seen from the abstract text below:

“Abstract: This amendment defines modifications to both the IEEE 802.11 physical layer (PHY)
and the medium access control (MAC) sublayer for high efficiency operation in frequency bands
between 1 GHz and 7.125 GHz.”

In this specification, the REFSENS requirement for 802.11ax can be found at page 662 of [3]. As can be seen from the extract below in Figure 1, there is no distinction between the 5GHz and 6GHz bands as the REFSENS is unique for 802.11ax as a whole and thus applies to all frequencies, 6 GHz band included. The comparable QPSK case to NR REFSENS is QPSK without DCM and ¾ coding rate.

[image: ]
Figure 1: extract of 802.11ax Receiver minimum input sensitivity
Furthermore, IEEE assumption to derive the minimum input sensitivity is a noise figure of 10 dB since 802.11a specification which has the same 20 MHz minimum sensitivity requirement than 802.11ax for QPSK , while 3GPP uses 13 dB NF in band 46.
Observation: 802.11ax specification has the same requirement for 5 GHz and 6 GHz band and is based on a 10 dB noise figure.
Architecture aspects
Some of the justifications given for a significantly higher REFSENS for n96 is the impact of filter losses due to stringent attenuation requirements in band n79 or additional switches needed. These aspects are already part of the implementation aspects of band 46 and are the main justification for the 3dB REFSENS difference compared to n79, and it should be noted that this also the case for 5GHz and 6 GHz WiFi implementations in mobile phones that also have to support concurrent operation with n77/78 and n79. 

In terms of filter performance the n46 filter has far more stringent requirements than the n96 filter as the frequency separation to over bands compares as follows:
· Band n79 is only 150 MHz away from n46 while it is 925MHz away from n96
· Band n77 is 950 MHz away from n46 while it is 1725 MHz away from n96
· Band n78 is 1350 MHz away from n46 while it is 2325 MHz away from n96

To illustrate this, Figure 2 shows the performance of a simple LC Band n96 filter that shows that rejection and insertion losses are comparable to similar LC filters used in Bands n46, n77 and n79. Furthermore it shows that n46 rejecting band n79 is very difficult and that n46 rejection of band n77 has similar complexity than for n96 filter rejecting Band n79.
Since Bands n46 and n96 are abutted there is no possibility to reject band n46 with n96 filter and this is why no rejection has been assumed for NS_53 and NS_54 A-MPR related to OOB emission requirements. There is thus no reason for band n96 in-band insertion losses to be different from band n46.

In any case, if any combinations of n77/78 or n79 with n96 (and in the same way with n46) are specified later, any additional impact can be further specified in terms of MSD or additional Tx/Rx losses (T/R).
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Figure 2: Band n96 simple LC filter characteristics

Observation:
· There is no difference between n46 and n96 front end architecture and the related losses are accounted for with a 3dB higher REFSENS for n46/n96 versus n79
· Filter characteristics for n96 are less stringent than for n46 and thus does not justify higher REFSENS value
Proposed REFSENS for n96
As can be deduced from the discussion above, there is no justification for an increase of n96 RFSENS versus n46 either from:
· The band frequency and bandwidth when compared with n46 but also n77/78/79
· The performance of existing 5GHz and 6GHz 802.11ax products targeting mobile phones and IEEE sensitivity requirement. Note that 3GPP NF assumption are already 3dB higher than IEEE
· Architectural differences between n46 and n96 RF front-end
· Or filter complexity of n96 that is relaxed compared to n46

The only justifiable REFSENS relaxation for n96 and n46 could be about 0.5dB to account for the 20% higher frequency and a fractional bandwidth increase from 14% to 18%. However, we believe this is largely included in the extra 3dB NF of n46 versus n79 and the fact that band 46 filter is actually more difficult and results into higher losses at the bottom of the band.

Proposal:
· Band n96 REFSENS is specified as the same than n46
· The only aspect that is different from n46 is a 20% frequency increase and a 4% increase in fractional bandwidth. Only a 0.5dB relaxation could be acceptable to account for this.
Conclusions
In this contribution, we provide our input on the justification of the NRU band n96 REFSENS. After considering multiple aspects we make the following proposal.

Proposal:
· Band n96 REFSENS is specified as the same than n46
· The only aspect that is different from n46 is a 20% frequency increase and a 4% increase in fractional bandwidth. Only a 0.5dB relaxation could be acceptable to account for this.

And is based on the following observations

Observations:
· Frequency extension for n96 vs n46 is 20% while fractional bandwidth is increased from 14% to 18%
· Same REFSENS for n79 and n78 even with >30% higher frequency and similar fractional bandwidth
· However n46 is also ~20% higher than n79 but has 3dB higher REFSENS, this was done in LAA to accommodate any recombination to antennas and assuming lower performance for an unlicensed band.
· Band n77 has 0.5dB higher RFESENS than n78 to account for fractional bandwidth increase from 14 % to 24%
From these observations, it can be concluded that the 3dB higher REFSENS for n46 compared to n79 can largely account for the increased frequency and bandwidth for n96 thus the same REFSENS can be used for n46 and n96. 

Observation: 802.11ax specification has the same requirement for 5 GHz and 6 GHz band and is based on a 10 dB noise figure.
Observation:
· There is no difference between n46 and n96 front end architecture and the related losses are accounted for with a 3dB higher REFSENS for n46/n96 versus n79
· Filter characteristics for n96 are less stringent than for n46 and thus does not justify higher REFSENS value
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27.3.20.2 Receiver minimum input sensitivity
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1 The packet error rate (PER) shall be less than 10% for a PSDU with the rate-dependent input levels listed i
5 Table 27-51 (Receiver minimum input level sensitivity). The PSDU length shall be 2048 octets for BPSE
6 modulation with DCM or 4096 octets for all other modulations.
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Table 27-51—Receiver minimum input level sensitivity

Modulation Tinim
Minimum Minimum Minimum ;miﬁ“;z
sensidivity | semsitivity | sensidivity | O
Without D (20 MHz (40 ME, (SOMHz | 5,80 MHz
. With DCM PPDU) PPDU) PPDU) .
DCM P g @B PPDU)
(dBm)
NA BPSK 12 82 -79 76 73
BPSK QPSK 12 -82 -79 76 73
QPSK 16-QAM 12 79 76 73 -70

QPSK 16-QAM 34 =77 —74 71 —68





