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1. Introduction
Definition of guardbands applicable for NR-U wideband operation has been discussed since the start of the work item in multiple contributions. Four WFs have been compiled [1, 2, 3, 4]. The agreed main points the two WFs from RAN4#92 [1] and RAN4#92bis [2] are captured below.  
· Define two different categories of guardbands for NR-U:
· Carrier guardbands (inter-carrier guardbands)
· In-carrier guardbands (intra-carrier guards)
· Type-1 Intra-carrier guardband.
· Type-2 Intra-carrier guardband.
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· Define minimum Intra-carrier guard PRBs for a carrier configured by a serving cell as an integer number of full PRBs. 
· The Intra-carrier guard PRBs are defined on a common RB grid which reference point is configured by the gNB as specified in section 5.3.4 of 38.101-1.
· Point A and first usable PRB are given by the gNB according to Rel-15 mechanisms.
· No intra-carrier guards are defined for 20 MHz carriers.

· RAN4 is tasked to specify necessary sizes of the inter-carrier guardbands and number of PRBs needed for intra-carrier guards to meet spectral emission mask defined for NR-U.
· The intra-carrier guard band could be scheduled if it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed.
· From the coexistence perspective, there is no need for Type-1 intra-carrier GBs.
· Scheduling in Type-2 intra-carrier GBs is not feasible.

Further at RAN4#93 the third WF [3] was agreed which addresses the second last built point in above. The agreements from [3] are captured in the following.
· For Inter-carrier guardbands reuse the minimum guard-bands definition dependent on configured bandwidth as done for Rel-15 and given in Table 5.3.3-1 (TS 38.101-1).

· The default pattern is that for which the radio requirements apply given the specified channel raster points, starting at the first usable PRB, for usable PRBs and Intra-carrier guard PRBs are given for different SCS and CBW in the following table together with maximum number of RBs:

SCS
20MHz Channels
40MHz Channels
60MHz Channels
80MHz Channels
15KHz
106
105-6-105
Max. 216
N/A
N/A
30KHz
51
50-6-50
Max. 106
50-6-50-6-50
Max. 162
50-6-50-5-50-6-50
Max. 217
Alt. 1 60KHz
24
[23-5-23]
Max. 51
[23-5-23-5-23]
Max. 79
[23-5-23-5-23-5-23]
Max. 107
Alt. 2 60KHz
[25]
[24-3-24]
Max. 51
[24-3-25-3-24]
Max. 79
[24-4-24-3-24-4-24]
Max. 107

· NR Rel-15 minimum guard-bands definition [Table 5.3.3-1 (TS 38.101-1)] is used as baseline for determining the number of Intra-carrier guard PRBs presented in the table above.
· The number of usable RBs per sub-channel and the number of intra-carrier guard PRBs can for different SCS vary due to configuration according to the following table:

15kHz
30kHz
60kHz
Usable RBs
Guard RBs
Usable RBs
Guard RBs
Usable RBs
Guard RBs
104, 105
6, 7
49, 50, 51
5, 6, 7
[22, 23, 24]
[3, 4, 5]

· Note that for 20MHz channels and 30kHz SCS only [50] and 51 can be used for number of usable RBs
· Definition of intra-carrier guard PRBs for channel bandwidths larger than 80MHz are FFS
· Alternatives for 60kHz SCS.
· Alt.1 is based on the existing number of RBs that a UE has to support for 60kHz SCS.
· Alt.2 is based on the a increased number of RBs which is applicable only for NR-U. 
· RB shift for PRB grid alignment FFS.



At RAN#94-e the fourth WF was agreed [4], the agreements herein are given below.
· Freq shift due to RB alignment between component carriers and wideband operation carrier is not needed to be specified
· [Up to 200KHz freq shift due to the allowed ±200 kHz shift of the Wi-Fi channel raster specified in the EN harmonised standard is not precluded in NR-U]


In this contribution, we continue the discussion and addresses some of the FFS and bracket agreements related to Intra-carrier guardbands. Further, the capturing of the existing agreements to specification (38.101-1) are discussed.   


2. Discussion
Intra-carrier guardbands or more precise intra-carrier guard PRBs are used when wanting to utilize wideband operation but, due to the unlicensed spectrums requirement of LBT, need to be able to cope with parts of the wideband carrier not being available. 
Wideband operations utilize a Bandwidth Part (BWP) to define the wideband carrier. For NR Rel-15 the carrier BWPs can be configured only within the usable (full) physical resource blocks (PRB) of a carrier as illustrated in Figure 1.
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Figure 1 Configuration of BWP in NR Rel-15
As seen in Figure 1, the Common Resource Blocks (CRBs) are aligned to Point A which as defined in section 4.4.4.2 of 38.211 serves as a common reference point for Common Resource Block (RB) grid on which BWPs are configured. The first usable PRB is configured by the gNB with PRB granularity for the carrier. Therefore, PRB grid of every BWP configured on common RB grid of given SCS is also aligned to Point A. 
Inter-carrier
The inter-carrier guardbands, as illustrated in blue in the figure in the introduction, is as agreed in [3] following the NR Rel-15 framework. This meaning that the gNB configures Point A and the first usable PRB of the carrier as illustrated in Figure 1. The first usable PRB needs to be configured such that it has sufficient offset to the carrier edge to allow for the by RAN4 defined minimum inter-carrier GBs given in Hz, given by Table 5.3.3-1 in 38.101-1. An illustration of this is given in Figure 2.
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Figure 2 Illustration of inter-carrier parameters, SCS = 30 kHz.
Intra-carrier
To allow the UE to derive the position of the intra-carrier guard PRBs a default guardband design was agreed in [3]. Utilizing this default pattern and the configured Point A the intra-carrier guard PRBs can be placed as illustrated in Figure 3.
[image: ]
Figure 3 Illustration of intra-carrier parameters, SCS = 30 kHz.

In the example shown in Figure 2 and 3, the minimum guardband for an 80 MHz carrier of 925 kHz as given in Table 5.3.3-1 of 38.1010-1 are used for the inter-carrier guardband. For intra-carrier guard PRBs the guardband for a 20 MHz carrier of 805 kHz was used as a baseline when deriving the default and the configurable number of intra-carrier guard PRBs as given in [3]. This as rounding the 805 kHz to full PRBs shows that a minimum of 5 PRBs is needed for the intra-carrier guardband for the 30 kHz SCS.  
The default guardbands for both inter-carrier guardband and intra-carrier guard PRBs as given in [3] follows the minimum of the current Rel-15. Under some conditions or in some regions additional guardbands are needed. As already defined for NR Rel-15, if there is a need for additional inter-carrier guardbands this will be signalled as a part of the NS. In a similar manner is it possible to also signal the need for additional intra-carrier guard PRBs as this flexibility is already enabled by design (RAN1#98b Agreement), for example by increasing the intra-carrier guardbands by additional PRB on each side of intra-carrier guardband as per. 
Open issues
The remaining agreements needed tor the intra-carrier guard PRBs relates to: 
1. 60 kHz SCS default guardbands
2. Options for configuring usable RB for the 20MHz channels on a carrier larger than 20MHz
1) For the first issue, it is our belief that the discussion relates more to the definition of mandatory UE support of either 24 or 25 RBs and therefrom a baseline operation mode. In our view reusing NR design as much as possible is a compelling argument for adopting the 24 RBs for 60 kHz SCS baseline/default. On the other hand, the possibility of increasing SU by adopting the 25 RBs, as agreed with the restriction of relaxed emission requirements, is something which should be considered. During the RAN4#94-e meeting arguments for choosing both 24 and 25 RBs as a baseline was presented. From a BS point of view, it would be beneficial to choose the 25 RBs but it is understood that from the UE perspective this might not be as straightforward. As 60 kHz is an optional UE feature [5], we have no strong preference for either option at the moment. 
Observation 1: 	60 kHz SCS is an optional feature for the UE to support.

2) For the second issue, it is noted in the WF that “for 20MHz channels and 30kHz SCS only [50] and 51 can be used for number of usable RBs”. This means that the option of using 49 RB was not considered an option for 20 MHz channels. During the RAN4#94bis-e meeting, it was commented that 49RBs also should be considered an option. This would mean that in the case of needed additional guardband, 49 or 50 RBs can be configured, keeping 51 as default to correspond to NR Rel-15 design. We are fine to remove this restriction for the 20 MHz channels.
Proposal 1: 	Remove Note that for 20MHz channels and 30kHz SCS only [50] and 51 can be used for number of usable RBs.
A further point of discussion, not related directly to intra-carrier guard PRBs are: 
3. Allowing shift of  ±200 kHz of the channel center as allowed for WiFi and by the EN harmonized standard for 5 GHz, EN 301 893.
3) As captured in [4] we do not see a reason to preclude the opportunity of improving channel alignment between operational services by allowing the ±200 kHz shift. It can be noted that there is no need to further specify how this shift can be applied as this is already possible to place the RB grid with an offset to the carrier by the configuration of Point A as described in relation to Figure 1. 
Proposal 2: 	Allowing shift (up to ±200 kHz) of channel centre (RB grid) should not be precluded for NR-U.
3. Capturing default GBs in TS

At RAN4#94-e a draftCR was provided in [6] proposing how to capture the guardband design for NR-U in TS 38.101-1. The draft was not agreed as some parts needed revision and draftCRs was not treated fully at the meeting due to time restrictions. As a result, a draftCRs [7] was provided to the RAN4#94bis-e meeting but again this was not agreed.
During the RAN4#94bis-e meeting is one company commented that RAN2 had not agreed that the absence of the IE intraCellGuardBands means that the default configuration applies. However, a LS [8] was sent from RAN1 to RAN2 and RAN4 informing that this was against the assumptions of the RAN1 design. As a result, RAN2 agreed that “The UE applies default guard band when signalling is absent and no guard band is signalled by explicit IE” and the following was introduced to RAN2 spec.: If not configured, the guard bands are defined according to the TS 38.101-X. Given this agreement and alignment between RAN1 and RAN2 design we do not see further reason for not introducing the default guardbands to RAN4 specification. 
Another reason for not agreeing the proposed draftCRs [7] was related to specification structure. Therefore, the text related directly to the default GBs is included here in section 4 as a text proposal such that the wording either can be agreed or the basis for discussion and thereby separated from the specification structure discussion.    
As the 60kHz SCS discussion is still ongoing and this is an optional feature as given by observation 1 the text proposal does not include the 60kHz SCS default GB as these can be added later when one of the two alternatives are chosen. 
Proposal 3: 	Introduce the SEM for NR-U based on the text proposal in section 4.
4. Text Proposal
X    Nominal intra-cell guard band
[bookmark: _GoBack]If a UE supporting wideband operation is configured with channel bandwidths greater than 20 MHz as specified in 38.214, the nominal intra-cell guard bands and the corresponding sizes (transmission bandwidth configuration) of the RB sets separated by the said guard bands are as specified in Table X-1 for each UE channel bandwidth and sub-carrier spacing for the downlink and uplink. The intra-cell guard band configuration in Table X-1 is applicable when the IE intraCellGuardBand in TS 38.331 is not provided.
Table X-1: Nominal intra-cell guard bands for wideband operation
	SCS
(kHz)
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	15
	106
(106)
	105-6-105
(216)
	N/A
	N/A

	30
	51
(51)
	50-6-50
(106)
	50-6-50-6-50
(162)
	50-6-50-5-50-6-50
(217)

	NOTE 1:	The intra-cell guard band is denoted TBW0-GB0-…-GBN_RBset-2-TBWN_RBset-1 for N_RBset > 1 number of RB-sets with TBWr the maximum transmission bandwidth (PRB) of RB-set r and GBr the guard band (PRB) above the upper edge of RB-set r. The RB-set 0 is starting at the first common resource block (CRB) of the carrier as indicated by offsetToCarrier. The total transmission bandwidth configuration (size of resource grid) including guard bands is given in between parentheses.



For each UE channel bandwidth and sub-carrier spacing given by Table X-1, the maximum transmission bandwidth configuration including intra-cell guard band(s), if configured by IE intraCellGuardBands in TS 38.331 in the uplink and/or downlink, and corresponding RB-set(s) shall be in accordance with clause 5.3.2 with a minimum inter-cell guard band of the UE channel bandwidth as specified in Table 5.3.3-1 for the uplink and downlink. Minimum requirements specified for wideband operation in Clause 6 and Clause 7 also apply for intra-cell guard bands larger than the nominal sizes in Table X-1 as listed in Table X-2 for each sub-carrier spacing; each guard band in order of CRB index must be larger than or equal to the corresponding nominal guard band specified in Table X-1 for each channel bandwidth.
Table X-2: Applicable intra-cell guard bands for wideband operation
	Parameter
	Unit
	SCS

	
	
	15 kHz
	30 kHz

	Intra-cell guard band (size)
	PRB
	6,7
	5,6,7

	Transmission bandwidth (size) of RB-set
	PRB
	104,105
	49,50,51



If the UE is configured with zero intra-cell guard bands by IE intraCellGuardBands in 38.331 in the uplink and/or downlink, the maximum transmission bandwidth configuration for the uplink and downlink shall be in accordance with clause 5.3.2 with a minimum inter-cell guard band of the UE channel bandwidth as specified in Table X-1.
5. Conclusion
In this contribution, we discussed the definition of guardbands for NR-U and how to capture default guardband in specification. 
Observation 1: 	60 kHz SCS is an optional feature for the UE to support.
Proposal 1: 	Remove Note that for 20MHz channels and 30kHz SCS only [50] and 51 can be used for number of usable RBs.
Proposal 2: 	Allowing shift (up to ±200 kHz) of channel centre (RB grid) should not be precluded for NR-U.
Proposal 3: 	Introduce the SEM for NR-U based on the text proposal in section 4.
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