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1 Background
The channel- and synchronization raster (except one GSCN entry) for NR-U operations in the 5 GHz band were agreed in the WF [1]. 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 according to yet another WF [2]. The definition of the intra-carrierguard bands for WB2 operation are still open, the inter-carrier guard bands follow from the channel raster and the spectrum utilization. 
Two options for defining the intra-carrier GB are proposed [3]. OPTION 1 is based on the following formulae
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wheras OPTION 2 is based on the following 
· For each channel bandwidth, ,maximum spectrum utilization (including possible intra-carrier GB) in accordance with licensed bands (with agreed change for 20 MHz@60 k) 

· CA nominal carrier spacing a multiple of 60 kHz to allow common FFT regardless of SCS

· Intra-carrier guards within a wider carrier fully overlap both the intra-carrier and inter-carrier guards of narrower carriers (or at least the inter-carrier GBs of the 20 MHz carriers) to avoid interference between systems using different bandwidths

· Enable alignment with Wi-Fi bonded channels (20, 40, 80) MHz (ETSI requirement in case of ‘short-LBT’ on some LBT sub-bands)

· Center frequencies of 20 MHz carriers aligned with Wi-Fi center frequencies ±200 kHz (ETSI requirement)

· Inter- and intra-carrier guard bands in accordance with the above rules
In this contribution we propose to adopt OPTION 2. OPTION 1 does not meet the requirement that “intra-carrier guards within a wider carrier fully overlap both the intra-carrier and inter-carrier guards of narrower carriers” given the agreed channel raster points; this property is important for coexistence between operations using different channel bandwidths, including NR-U-NR-U, NR-U-LAA, and NR-U WiFi coexistence scenarios. Additionally, OPTION 1 does not provide a sufficient guard band for the SSB/CORESET#0 in view of the GSCN design criterion “[…] a frequency offset of minimum 3 full RBs at 30kHz SCS to account for intra-carrier guardbands for each sub-band” [4].
2 Alignment of carrier guard bands between different channel bandwidths
For the 80 MHz channel bandwidth, the resulting intra-carrier GB and sub-band transmission bandwidth for OPTION 1 (Nokia) and OPTION 2 (Ericsson) are displayed in Table 2. 
Table 1: intra-carrier GB and sub-band transmission bandwidth for OPTION 1 (Nokia) and OPTION 2 (Ericsson) for the 80 MHz channel bandwidth.
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OPTION 1 does not meet the requirement that the GB of a narrower channel bandwidth is contained in the intra- or inter-carrier GB of a wider carrier subject to the agreed channel raster points (from [1]). The first GB of the 80 MHz carrier falls within the inter-carrier GB of the 20 MHz carrier as shown in Figure 1. This requirement is important for coexistence between NR-U operations using different channel bandwidths (Wi-Fi and LAA also protected since these are contained within the 51 PRB maximum transmission bandwidth of the 20 MHz channel bandwidth).
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Figure 1: misaligned intra-carrier GB of OPTION 1.
Now, this can be resolved by shifting the PRB grid downwards by using a NR-ARFCN other than the channel raster points agreed in the WF (as long as the shift is not greater than 200 kHz for operations subject to the ETSI standard). See Figure 2. While possible by configuration, this means that the said NR-ARFCN does not correspondwith the channel raster points for which the requirements in the RAN4 specifications apply. 
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Figure 2: shifting the PRB raster downwards to align the GB of the 20 and 80 MHz bandwidths.
We make  

Observation 1: OPTION 1 does not meet the GB alignment requirement that “intra-carrier guards within a wider carrier fully overlap both the intra-carrier and inter-carrier guards of narrower carriers” subject to the agreed channel raster points.

The intra-carrier GB according to OPTION 2 are shown in Figure 3 along with the SSB and CORSET#0 resulting from the agreed GSCN. The intra-carrier GB are wider, but the alignment requirement is met. Furthermore, the guard bands are sufficiently wide to meet the GSCN design criterion that the SSB should be located such that “[…] a frequency offset of minimum 3 full RBs at 30kHz SCS to account for intra-carrier guardbands for each sub-band”. With OPTION 1 the minimum intra-carrier GB is 5 < 3 + 3 PRBs. To this end we recall the following design principles that were adopted in the WF [4] for the synchronization raster,
· Minimum frequency separation from sub-band edge to guarantee compliance with inter-carrier and intra-carrier minimum guard-bands for all possible channel bandwidths

· 925kHz for inter-carrier guardband (80MHz channel bandwidth) [one-sided internal GB]
· full RBs (30kHz SCS) for intra-carrier guardbands [i.e. one-sided internal GB]
The size of the guard bands is not only important for compliance with unwanted emission requirements in coexistence scenarios with operations using different channel bandwidth. The receiver adjacent selectivity will improve with larger guards even if the UE is not implemented with dedicated sub-band (digital) filters. The adjacent channel interferer could be an adjacent operation possibly using a different channel bandwidth or another device gaining access to the adjacent sub-band within a wideband carrier.
Furthermore, according to Table 1, for an 80 MHz carrier carrier centered on the agreed channel raster points, CORESET0 is not guaranteed to be confined within the first sub-band according to the agreed sync raster points. It can happen that CORESET0 overlaps CRB1 which is not included in Sub-band #0.
We make 
Observation 2: OPTION 1 does not provide a sufficiently wide guard bands for the SSB/CORESET#0 in view of the GSCN design criterion of “[…] a frequency offset of minimum 3 full RBs at 30kHz SCS to account for intra-carrier guardbands for each sub-band”.
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Figure 3: intra-carrier GB and SSB/CORESET#0 locations for OPTION2.
Proposal 1: adopt the intra-carrier GB according to OPTION 2.
3 Mapping of PRB grid to channel raster specified by RAN4
The mapping between the channel raster and the PRB grid (carrierBandwidth in 38.331) for WB operations is defined by RAN4 in 38.104 and 38.101-1 accoring to the Table 2 below:
Table 2 (Table 5.4.2.2-1 in 38.101-1): Channel raster to resource element mapping
	
	NRBmod2 = 0
	NRBmod2 = 1

	Resource element index 
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	0
	6

	Physical resource block number 
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This mapping applies for at least one numerology supported. NRB denotes the maximum transmission bandwidth configuration for the channel bandwidth, i.e. the size of the PRB grid, which is 51 PRB, 106 PRB, 162 PRB and 217 PRB for the respective channel bandwidth of 20 MHz, 40 MHz, 60 MHz and 80 MHz for SCS = 30 kHz. These PRB grid sizes include the intra-carrier GB for the case of wideband carriers (> 20 MHz).. In Rel-15, Point A can be chosen with any arbitrary offset to the SS/PBCH block in a carrier and is signaled by the serving gNB (offsetToPointA). The location of the first usable CRB of a carrier is in turn signaled by the serving gNB (offsetToCarrier) It is not necessary to define the start of the CRB grid (FUP) based on the inter-carrier GB as proposed by the formula (1.1) of OPTION 1. Rel-15 mechanisms should be reused.
While the synchronization raster points (GSCN) are fixed, the location of the CRB grid can be shifted by chosing an NR-ARFCN other than the agreed channel raster points. However, the radio requirements are only specified at the (nominal) channel raster points; guard bands should therefore be defined subject to these channel point even though the specification allows a certain deployment flexibility (similar to configuring a smaller CA spacing than the nominal). 
4 The CRB grid and intra-carrier GB specified by RAN1
The general provisions for the CRB and PRB indexing  are specified in 38.211, and these will also apply for NR-U. The PRBs not available for scheduling must be specified in RAN1 specifications within the framework for the CRB/PRB grid defined in 38.211 and 38.331, not by any formulae in the RAN4 specifications.  Indeed, in [2] it is stated that “Intra-carrier guards for a carrier configured by a serving cell are defined as an integer number of full PRBs”, which implies that gNB should RRC configure the size/position of the guards. Therefore this will be included in RAN1 specifications that refer to 38.331 (RRC spec).
Proposal 2: the locations and sizes of the intra-carrier GB within the PRB grid (carrierBandwidth in 38.331) shall not be specified in RAN4 specifications.
The specification of radio requirements for wideband carrier operations in RAN4 specifications can refer to the size and location of the intra-carrier GB specified in RAN1 specifications and the requisite IE in the RRC specification. 
5 Proposal

Two options have been proposed for the design of the intra-carrier GB, OPTION 1 and OPTION 2.
We make the following

Observation 1: OPTION 1 does not meet the GB alignment requirement that “intra-carrier guards within a wider carrier fully overlap both the intra-carrier and inter-carrier guards of narrower carriers” subject to the agreed channel raster points.

Observation 2: OPTION 1 does not provide a sufficiently wide guard bands for the SSB/CORESET#0 in view of the GSCN design criterion of “[…] a frequency offset of minimum 3 full RBs at 30kHz SCS to account for intra-carrier guardbands for each sub-band”.
and 

Proposal 1: adopt the intra-carrier GB according to OPTION 2.
Proposal 2: the locations and sizes of the intra-carrier GB within the PRB grid (carrierBandwidth in 38.331) shall not be specified in RAN4 specifications.
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