
3GPP TSG-RAN WG4 Meeting #92



  











R4-1909260
Ljubljana, Slovenia, 26th Aug. 2019 - 30th Aug. 2019
Source:
Nokia, Nokia Shanghai Bell
Title:
NR-U - Discussion on spectral emission mask
Agenda item:
9.2.1
Document for:
Discussion
1. Introduction

Since meeting RAN4#90 held in Athens discussions on the NR unlicensed (NR-U) work item [1] have been ongoing. During the range of meetings with the latest being RAN4#91 held in Reno the topic of emission requirements has been discusses [2-6]. 
At RAN4#91, held in Reno, a LS [7] was sent to ETSI TC BRAN for clarification on the application of the transmit spectral emission mask given in EN 301 893 known as the harmonized standard for 5GHz. The questions included in the LS have been repeated below:

LS to ETSI TC BRAN on Interpretations of EN 301 893 for NR-U
Question 1: 
RAN4 would kindly request ETSI TC BRAN understanding whether preamble punctured mask for a wide band carrier larger than 20MHz having a relaxed mask requirements with a constant reference level of -20 dBr in the punctured region(s) is compliant to ETSI mask?
Question 2: 
RAN4 respectfully ask ETSI TC BRAN to confirm this understanding and explain the reasoning of the ETSI transmit spectral mask widening with increase bandwidth configurations, particularly at the -20dBr limit.

The questions were discussed at the BRAN#102 meeting, held in Sophia-Antipolis from 17th to 20th of June 2019 and again at a BRAN-G2M meeting on Spectrum Mask in EN 301 893 held the 13th of August 2019. 

For question 1 some of the attending compagnies interpretation of the current definition of the ETSI harmonized mask made the preamble punctured mask with a constant reference level of -20 dBr in the punctured region(s) not compliant. However, other compagnies had a different interpretation of the definition of the ETSI harmonized mask and its application to the punctured region consisting of failed LBT sub-bands making it compliant. Due to this different understanding an additional meeting was scheduled to discuss potential solutions. At the BRAN-G2M meeting dedicated to the discussion of the Spectrum Mask in EN 301 893, it became even more evident that different companies had different ways of interpreting the definition of the mask and its application to the failed LBT sub-bands. As a result, it was decided to postpone further discussions to the next ETSI TC BRAN meeting which is to be held in October (7th to10th). 

For question 2 the reasoning presented was that it was introduced due to wider spectral regrowth for a wider emission bandwidth. Some concerns about this approach were raised as it potentially would increase the spectral leakage close to the transmission bandwidth limits. By some, it was pointed out that this was a mistake and it should be corrected such that the slope to the first interception point (-20 dBr) was fixed. 
As no conclusion was reached by ETSI TC BRAN concerning the RAN4 LS it was decided not to reply by official LS response but simply let 3GPP WG4 know that the matter was still under discussion.  
Due to the lack of official LS response, this contribution is intended to address both the concerns raised at previous RAN4 meetings and the ones presented at the ETSI TC BRAN meetings. 
2. Discussion

During the discussion on how to define the transmit spectral emission mask for NR-U it has become evident that it is needed to differentiate between the out-of-carrier mask and the in-carrier mask. The out-of-carrier mask will cover the entire transmission bandwidth of the wideband carrier while the in-carrier mask is applied to failed LBT sub-bands within the wideband carrier. 
2.1     Out-of-carrier emission mask
For the out-of-carrier masks two different, already existing, emission masks from ETSI EN 301 893 (The 5GHz harmonizes standard) and the IEEE 802.11ac have been suggested for adoption for NR-U. To compare the two masks Figure 1 have been included together with Table 1 describing how the interception point for the two different masks is defined.   

In Figure 1 and Table 1 a, b, c and d are the interception points for the transmit spectral emission mask. fc is the centre frequency of the transmission bandwidth and N is the nominal bandwidth.  
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Figure 1  Generic transmit spectral emission mask

Table 1: Definition of interception points in Figure 1
	
	a
[MHz]
	b
[MHz]
	c
[MHz]
	d
[MHz]

	ETSI EN 301 893 (v2.1.1)
	0.5 x N
	0.55 x N
	N
	1.5 x N

	IEEE 802.11ac
	(0.5 x N) - 1
	(0.5 x N) + 1
	N
	1.5 x N


When the transmit spectral emission mask is applied for a 20 MHz carrier it will present itself as depicted in Figure 2. While it when applied for an 80 MHz wideband carrier consisting of multiple LBT sub-bands each of 20 MHz the mask would present itself as depicted in Figure 3.
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Figure 2 Comparison of transmit spectral emission mask for 20 MHz wideband carrier
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Figure 3 Comparison of transmit spectral emission mask for 80 MHz wideband carrier

From Figure 2 and Figure 3 it is evident that the main difference between the two is that the IEEE 802.11ac mask is applying a fixed 1 MHz offset both before the carrier edge and at the first, -20 dBr, interception point. This difference between the two masks makes the IEEE 802.11ac mask slightly tighter than the EN 803 893 mask. It could be argued that the widening of the EN 803 893 mask at the -20 dBr point should be limited or fixed to avoid increased leakage to the adjacent channels. However, the difference is in most cases of a magnitude which is negligible when applying it for practically implementation. 
2.2     In-carrier emission mask
For the in-carrier emission mask it has been proposed to adopt either an interpretation of the EN 803 893 mask or a mask described for IEEE 802.11ax.

2.2.1  EN 803 893
In EN 803 893, the ETSI harmonized standard for 5GHz, a clause in 4.2.4.2 states the transmit spectral power mask requirements for contiguous multiple 20MHz channels as [8]:

For transmitter unwanted emissions within the 5 GHz RLAN bands, simultaneous transmissions in adjacent channels may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels used simultaneously.

Further, for non-contiguous case of multiple 20MHz channels it is stated that:

For simultaneous transmissions in multiple non-adjacent channels, the overall transmit spectral power mask is constructed in the following manner. First, a mask as provided in figure 1 is applied to each of the channels. Then, for each frequency point, the greatest value from the spectral masks of all the channels assessed shall be taken as the overall spectral mask requirement at that frequency.

The clause for simultaneous transmissions in multiple non-adjacent channels refers to a transmit spectral power mask for contiguous multiple 20MHz channels which in this text is described by Figure 1 and Table 1.  

Further explained in the ETSI harmonized standard for 5GHz, is that:

· The mean Power Density (measured with a 1 MHz measurement bandwidth) of the transmitter unwanted emissions within the 5 GHz RLAN bands shall not exceed the limits of the mask provided in figure 1 or an absolute level of -30 dBm/MHz, whichever is greater. 

· The limits in figure 1 are relative to the maximum Power Density of the RLAN device when measured with a reference bandwidth of 1 MHz.

· The mask is only applicable within the band of operation. Beyond the band edges the requirements are -30 dBm when measured with a reference bandwidth of 1 MHz.
2.2.2  IEEE 802.11ax
In the latest draft for 802.11ax [9] includes an in-carrier mask as given by Figure 4 and Table 2. Note that they for the sake of comparison have been included in this text using the same syntax as in the previous section.
In Figure 4 and Table 2 A, B, C and D are the interception points for the punctured transmit spectral emission mask. fc is the centre frequency of the transmission bandwidth and N is the nominal bandwidth.  
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 Figure 4 IEEE 802.11ax preamble punctured mask with transmissions on both upper and lower sub-channels
Table 2: Definition of interception points in Figure 1
	
	A
[MHz]
	B
[MHz]
	C
[MHz]
	D
[MHz]

	IEEE 802.11ax (centre)
	-(0.5 x N)
	-(0.5 x N) + 0.5
	(0.5 x N) - 0.5
	(0.5 x N)

	IEEE 802.11ax (left edge)
	-(0.5 x N)
	-(0.5 x N) + 0.5
	(0.5 x N)
	-

	IEEE 802.11ax (right edge)
	-
	-(0.5 x N)
	(0.5 x N) - 0.5
	(0.5 x N)


The scenario depicted in Figure 4 is where none of the failed LBT sub-bands is adjacent to the carrier edge with corresponding values in the first row of Table 2. If the failed LBT sub-band is adjacent to the carrier edge the second and third row applies for respectively left or right alignment.  
2.2.3  Comparison of EN 803 893 and IEEE 802.11ax punctured mask
For comparison, a scenario is depicted for an 80 MHz wideband carrier with one LBT sub-band failed in Figure 5, for a scenario with two failed LBT sub-bands in Figure 6 and for three failed LBT sub-band failed in Figure 7. Note that the IEEE 802.11ax mask only originally was intended for one failed LBT sub-band but its application have been expanded here for comparison.
[image: image5.png]80MHz Carrier

Succeeded Failed Succeeded o—e ETSI EN 301 893 (v2.1.1)
LBT sub-bands LBT sub-band LBT sub-band «- IEEE 802.11ax

Reference level

-120 MHz ~ -100 MHz -80 MHz -60 MHz -40 MHz -20 MHz fC 20 MHz 40 MHz 60 MHz 80 MHz 100 MHz 120 MHz




Figure 5 Comparison of emission mask for the example LBT fails in 1 out of 4 defined LBT sub-bands
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Figure 6 Comparison of emission mask for the example LBT fails in 2 out of 4 defined LBT sub-bands
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Figure 7 Comparison of emission mask for the example LBT fails in 3 out of 4 defined LBT sub-bands
From Figure 5-7 it can be seen that the difference between the two masks makes the IEEE 802.11ax mask slightly tighter than the EN 803 893 mask until the -20 dBr interception point. However, after the -20 dBr, interception point it is clear that the EN 803 893 mask is more restrictive. This becomes more significant with the number of failed LBT sub-bands.
By observing Figure 5-7 it becomes evident that either the interpretation of the EN 803 893 mask is wrong or that the IEEE 802.11ax mask would be non-compliant to the current harmonized standard for 5 GHz. 
2.4     Suggested options for an emission mask applicable for NR-U
From the previus sections it is clear that multiple options excists for an applicable transmit spectal emission mask for NR-U. The following section proposes some additional options all based on one of the current incumbent of the 5 GHz spectrum IEEE 802.11ac.  
For IEEE 802.11ac a scenario with two non-ajacent is already standadized and adopted by ITU recommendations [10] as shown in Figure 8.
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Figure 8 Transmit spectral mask for an 80+80 MHz IEEE 802.11ac channel [10]
From this it can be seen that the mask is capped at -25 dBr in the ‘gap’ between the two transmission bandwidths. This approtch can be adopted and combined with the two already presented options: 

Option 1: 
ETSI EN 301 893 (v2.1.1) as given by Figure 1 and Table 1 and shown in Figure 5-7. 
Option 2:

IEEE 802.11ac as given by Figure 1 and Table 1 and shown in Figure 5-7.
The first two additional suggested optiones utelizes the cap of -25 dBr in the ‘gap’ consisting of failed LBT sub-bands. The slope towards the interception points are keept from the EN 803 893 mask for option 3 and from the IEEE 802.11ac mask for option 4. The resulting emission masks are shown in Figure 9.
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Figure 9 Comparison of option 3 and 4 emission mask with LBT failure in 1, 2 and 3 out of 4 defined LBT sub-bands. 

From Figure 9 it can be noted that the main difference between the two options are the slope of the mask applicapbe to the out-of-carrier emission.  

Option 3: 
ETSI EN 301 893 (v2.1.1) as given by Figure 1 and Table 1 but capped at -25 dBr as shown in Figure 9. 
Option 4:

IEEE 802.11ac as given by Figure 1 and Table 1 but capped at -25 dBr as shown in Figure 10.
To allow for maximum spectrum utilization within the wideband carier and maintain similarity to the current incumbent, IEEE 802.11ac, a hybrid between the EN 803 893 and the IEEE 802.11ac mask is also an option. Here the internal slope to the -20 dBr interception point is fixed while the 0 dBr interception point is kept at the carrier edge. Option 5 utelizes the cap of -25 dBr in the ‘gap’ consisting of failed LBT sub-bands while option 6 utilizes -28 dBr. The resulting emission masks are shown in Figure 10.
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Figure 10 Comparison of option 5 and 6 emission mask with LBT failure in 1, 2 and 3 out of 4 defined LBT sub-bands. 

From Figure 10 it can be noted that only in the scenario where LBT failes in the patter [1 0 0 0] there is a difference between the -25 dBr and -28 dBr cap.
Option 5: 
Hybrid between ETSI EN 301 893 (v2.1.1) and IEEE 802.11ac capped at -25 dBr as shown Figure 10. 
Option 6: 
Hybrid between ETSI EN 301 893 (v2.1.1) and IEEE 802.11ac capped at -28 dBr as shown Figure 10. 
3. Conclusion

This contribution presents different options for a proposal to a transmit spectal emission mask applicable for NR-U.
Option 1: 
ETSI EN 301 893 (v2.1.1) as given by Figure 1 and Table 1 and shown in Figure 5-7. 
Option 2:

IEEE 802.11ac as given by Figure 1 and Table 1 and shown in Figure 5-7.
Option 3: 
ETSI EN 301 893 (v2.1.1) as given by Figure 1 and Table 1 but capped at -25 dBr as shown in Figure 9. 
Option 4:

IEEE 802.11ac as given by Figure 1 and Table 1 but capped at -25 dBr as shown in Figure 10.
Option 5: 
Hybrid between ETSI EN 301 893 (v2.1.1) and IEEE 802.11ac capped at -25 dBr as shown Figure 10. 
Option 6: 
Hybrid between ETSI EN 301 893 (v2.1.1) and IEEE 802.11ac capped at -28 dBr as shown Figure 10. 
Note that the presented options only are intended for aiding discussions. A final proposal will in our opinion be dependent on conformity to a potential revised version of the ETSI harmonized standard mask for 5GHz, EN 803 893. The revision of the harmonized mask is handled by ETSI TC BRAN.  
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