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1. Introduction
Last RAN Plenary #89e meeting agreed set of CRs with NR-U feature introduction to core RAN4 specifications, including big CR for NR BS core specification TS 38.104 [1], and big CR to NR UE specification 38.101-1 [2]. That CR introduced core requirements for NR unlicensed used with introduction of new NR-U bands: 5 GHz (band n46) and 6 GHz (band n96). However, some details on band n96 are not decided and in specification remains TBD or are in brackets.

In this contribution we further discuss remaining issues on 6 GHz band n96 that are both for BS and UE i.e.: Channel raster and synchronization raster. Also, there is discussion provided on Medium Range BS. Proposals from this contribution are included in CR to BS core spec 38.104 in [3]. 

2. Discussion
Compare to details discussion on 6GHz band submitted to last RAN4#96-e meeting [3], some details in agreed CR [1] were updated to capture latest status on 6GHz Wi-Fi, however still some are in brackets. Below we provide further elaboration on those aspects. 
2.1. Channel raster for band n96
In first proposal, channel raster designed for band n96 took into account that from lower edge of band i.e. 5925 MHz there will be 10 MHz guard band planned for Wi-Fi. As was highlighted in our contribution [3] that was not confirmed, and updates were possible. In the meantime, it turned out that the guard band is increased to 20 MHz (with first 20 MHz channel is starting from 5945 MHz). This change was included in channel raster in agreed CR [1], however values of NR-ARFCN points are in brackets for all channel bandwidths (Note 2 from table 5.4.2.3-1):  
	NOTE 2:
Applicable NR-ARFCN for band n96


for 20 MHz channel bandwidth, NREF = [{797000, 798332, 799668, 801000, 802332, 803668, 805000, 806332, 807668, 809000, 810332, 811668, 813000, 814332, 815668, 817000, 818332, 819668, 821000, 822332, 823668, 825000, 826332, 827668, 829000, 830332, 831668, 833000, 834332, 835668, 837000, 838332, 839668, 841000, 842332, 843668, 845000, 846332, 847668, 849000, 850332, 851668, 853000, 854332, 855668, 857000, 858332, 859668, 861000, 862332, 863668, 865000, 866332, 867668, 869000, 870332, 871668, 873000, 874332}]

for 40 MHz channel bandwidth, NREF = [{797668, 800332, 803000, 805668, 808332, 811000, 813668, 816332, 819000, 821668, 824332, 827000, 829668, 832332, 835000, 837668, 840332, 843000, 845668, 848332, 851000, 853668, 856332, 859000, 861668, 864332, 867000, 869668, 872332}]


 for 60 MHz channel bandwidth, NREF = [{798332, 799668, 803668, 805000, 809000, 810332, 814332, 815668, 819668, 821000, 825000, 826332, 830332, 831668, 835668, 837000, 841000, 842332, 846332, 847668, 851668, 853000, 857000, 858332, 862332, 863668, 867668, 869000}]
for 80 MHz channel bandwidth, NREF = [{799000, 804332, 809668, 815000, 820332, 825668, 831000, 836332, 841668, 847000, 852332, 857668, 863000, 868332}]



Above note includes correct values that are aligned with Wi-Fi channels in 6 GHz unlicensed band and considered 20 MHz guard band from lower edge.
Proposal 1: It is proposed to removed brackets for NR-ARFCN for band n96 in table 5.4.2.3-1 in Note 2 in TS 38.104 (BS core spec)
2.2. Synchronization raster for band n96
Similarly, to channel raster design for band n96, also synchronization raster was updated in agreed CR [1] to TS 38.104. Synchronization raster points currently in BS TS 38.104 specification are as follow in brackets:

	NOTE 6:
The following GSCN are allowed for operation in band n96:

GSCN = [9548, 9562, 9576, 9590, 9603, 9617, 9631, 9645, 9659, 9673, 9687, 9701, 9715, 9728, 9742, 9756, 9770, 9784, 9798, 9812, 9826, 9840, 9853, 9867, 9881, 9895, 9909, 9923, 9937, 9951, 9965, 9978, 9992, 10006, 10020, 10034, 10048, 10062, 10076, 10090, 10103, 10117, 10131, 10145, 10159, 10173, 10187, 10201, 10215, 10228, 10242, 10256, 10270, 10284, 10298, 10312, 10326, 10340, 10353]


Above GSCN numbers are valid and calculated using the same approach that was long time discussed for ban n46 (5GHz) i.e. one synchronization point per 20 MHz. 

Proposal 2: It is proposed to removed brackets for GSCN for band n96 in Note 6 in table 5.4.3.3-1 of TS 38.104.
2.3. Medium range base station for band n96
During last RAN4#96-e meeting there were concerns raised [5] and during e-mail discussions on feasibility of medium range base station (MR BS) due specific, the widest range of frequency in FR1 for band n96 which is 1200 MHz. Currently in BS specification TS 38.104 there is only Local Area BS introduced for band n96 due to some companies concerns on feasibility of Medium Range BS. 
Figure 1 shows filter response for frequency range 5925 – 7125 MHz, where there is possible to meet -15dB limit already from 5925 MHz with 8 resonator filter with two transmission zeros used right below the pass band, when the 20 MHz guard band from 5925 to 5945 MHz is taken into account. With resonator unloaded of Q-value of 1000 the band edge insertion loss is below 2dB.  With resonator unloaded Q-value of 3000 the insertion loss falls below 0.7dB. In the figures, the lines indicating -15 dB boundary go up to 5925 MHz and start from 7125 MHz.
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Figure 1. Filter response for range 5925 – 7125 MHz, two transmission zeros used
Figure 2 shows filter response for frequency range 5925 – 7125 MHz, where there is possible to meet -15dB limit from 5910 MHz with 8 resonator filter with one transmission zero used near right below the pass band, with resonator unloaded of Q-value of 1000 the band edge insertion loss is improved to below 1dB.  With resonator unloaded of Q-value of 3000 the insertion loss is below 0.35dB. Also, on the upper end of the band the -15 dB point stays below 7175 MHz, i.e. 50 MHz ΔfOBUE is sufficient.
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Figure 2. Filter response for range 5925 – 7125 MHz, one transmission zero used

Above presented filter responses analysis show that it is feasible to cover such wideband operation with Medium Range BS as bigger filters could be easily used in practice. For currently specified in BS specification Local Area BS for band n96 required filters might be quite big size in practice compare to output power. Thus, it should be noted that Medium Range BS might be less challenging from filter point of view might than Local Area BS.
In summary, it is observed that Medium Range BS shall be feasible and even might be less challenging from filter design point of view compare to Local Area BS.   
Proposal 3. It is proposed to introduce Medium Range BS for band n96.
2.4.  ΔfOBUE for band n96
Another topic that is not finalized in core specification for band n96 is Maximum offset of OBUE outside the downlink operating band (ΔfOBUE): 

Table 6.6.1-1: Maximum offset of OBUE outside the downlink operating band
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 1-H
	FDL,high – FDL,low < 100 MHz  
	10 

	
	100 MHz £ FDL,high – FDL,low £ 900 MHz
	40 

	
	900 MHz < FDL,high – FDL,low £ 1200 MHz 
	[TBD]

	BS type 1-C
	FDL,high – FDL,low £ 200 MHz
	10 

	
	200 MHz < FDL,high – FDL,low £ 900 MHz
	40 

	
	900 MHz < FDL,high – FDL,low £ 1200 MHz
	[TBD]


Following figures are derived based on 10 resonators with Q-factor 1500 (typical in mMIMOs) and includes +/-8MHz extra to pass band. Figure 1 shows pure pass band filters and just show general change in attenuation. It should be noted here that narrow band filter has also higher IL if resonator number is high.
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Figure 3: Pure pass band filters responses for 100 MHz, 900 MHz and 1200 MHz
Figure 4 shows cross coupled designs what always are used, where 900MHz filter meets >24dB attenuation +/-40MHz outside of pass band (that is current ΔfOBUE). But for 1200MHz filter is not with the same transmission zero locations.
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Figure 4: Cross coupled filter design for 900 MHz and 1200 MHz 
Figure 5 shows 1200MHz filter against >24dB attenuation with +/-50MHz outside, and 900MHz filter design against >24dB attenuation and +/-40MHz outside of pass band. As this is unlicensed band, and also 5GHz band n46 platform may be reused with similar filters design that are already used there, it is proposed to define 50 MHz offset of OBUE outside the downlink operating band.  
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Figure 5: 4th
Proposal 4: It is proposed to define 50 MHz ΔfOBUE for band n96 for BS type 1-C and BS type 1-H.
2.5. ΔfOOB for band n96
Similar to ΔfOBUE also ΔfOOB offset in current specification is not decided for band n96.
Table 7.4.2.2-0: ΔfOOB offset for NR operating bands
	BS type
	Operating band characteristics
	ΔfOOB (MHz)

	BS type 1-C
	FUL,high – FUL,low ≤ 200 MHz
	20

	
	200 MHz < FUL,high – FUL,low ≤ 900 MHz
	60

	
	900 MHz < FUL,high – FUL,low ≤ 1200 MHz
	[TBD]

	BS type 1-H
	FUL,high – FUL,low < 100 MHz
	20

	
	100 MHz ≤ FUL,high – FUL,low ≤ 900 MHz
	60

	
	900 MHz < FUL,high – FUL,low ≤ 1200 MHz
	[TBD]


Taking into account filter design described in section for ΔfOBUE it is also proposed to define ΔfOOB offset with additional 10 MHz. 

Proposal 5: It is proposed to define 70 MHz ΔfOOB offset for band n96 for BS type 1-C and BS type 1-H.

3. Conclusion

In this contribution we further discuss remaining issues on 6 GHz band n96 that are both for BS and UE i.e.: Channel raster and synchronization raster. Also, there is discussion provided on Medium Range BS, ΔfOBUE and ΔfOOB for band n96.

We have made following proposals:
 Proposal 1: It is proposed to removed brackets for NR-ARFCN for band n96 in table 5.4.2.3-1 in Note 2 in TS 38.104 (BS core spec)

Proposal 2: It is proposed to removed brackets for GSCN for band n96 in Note 6 in table 5.4.3.3-1 of TS 38.104.

Proposal 3. It is proposed to introduce Medium Range BS for band n96.

Proposal 4: It is proposed to define 50 MHz ΔfOBUE for band n96 for BS type 1-C and BS type 1-H.

Proposal 5: It is proposed to define 70 MHz ΔfOOB offset for band n96 for BS type 1-C and BS type 1-H.
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