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During the Rel-16 NR-U WI discussions, RAN1 introduced intra-carrier (intra-cell) guard band in the Rel-16 specification for NR-U wideband operation as shown in agreements below. However, how to define the intra-cell guardband was agreed and correctly captured in TS.38.214 [1] but it is still not clear how to handle the intra-cell guardband for NR-U as shown in FFS in the first agreement below. This contribution provides additional details regarding intra-cell guardband, especially whether and how to handle the case where the intra-cell guard bands are part of a resource allocation.

	Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation

Agreement:
UE determines the number of RB sets (corresponding to LBT bandwidths) and the available PRBs in each RB set, both for DL and UL, based on,
· If configured, the RRC parameters intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 (if UL is configured) configure the lists of intra-carrier guard-bands per cell, e.g.,
· If intraCellGuardBandDL-r16 or intraCellGuardBandUL-r16 are given as {, }, …, {, } where GB is given by CRB index, the UE determines
· The number of RB sets for a cell: N
· The available PRBs in each RB set: [, -1] for RB set #1, [+1, -1] for RB set #2,…, [+1, ] for RB set#N, where  and  corresponds to starting and ending RB index of cell, respectively.
· Note: {, }, …, {, } may be provided separately for DL and UL
· If intraCellGuardBandDL-r16 is not configured, then {, }, …, {, } is derived from the RAN4 specifications
· Note: This supersedes a previous agreement
· If intraCellGuardBandUL-r16 is not configured, then {, }, …, {, } is derived from the RAN4 specifications
· Note: This supersedes a previous agreement
· Note: This addresses the FFS in sections 5.1.2.2 and 6.1.2.2 in 38.214.

Agreement:
· The RRC parameters intraCellGuardBandDL-r16 and intraCellGuardBandUL-r16 include a mechanism to indicate that no intra-carrier guard-bands are configured
· Note: This configuration may be used for the case where transmission only occurs in a BWP if LBT is successful in all RB sets within the BWP
· For a carrier with intra-carrier guard bands, the UE does not expect that the dedicated BWP is configured to include parts of a RB set.



Discussion
Intra-cell guard bands for uplink transmission
In last RAN1 meeting, under the agenda of UL signals and channels, we have the additional agreement regarding the intra-cell guard bands especially for PUSCH resource allocation. 

	Agreement
· The UE determines the overall PUSCH frequency domain resource allocation by the intersection of the following:
· Allocated interlaces (indicated by X bits of the FDRA field, as previously agreed)
· Available PRBs derived at least from the allocated RB sets (indicated by Y bits of the FDRA field) and intra-carrier guard bands between RB sets corresponding to contiguous LBT bandwidths
· Note: An RB set contains PRBs within an LBT bandwidth and does not include any inter or intra carrier guard PRBs
· Note: The PRBs between adjacent RB sets comprise an intra-carrier guard



Based on this agreement, if the PRBs in inter-cell guard bands between RB sets corresponding to contiguous LBT bandwidths are used for PUSCH transmission if those PRBs are inside the allocated resource for PUSCH. This is due to the agreed restriction that PUSCH is transmitted only when CCA is successful for all RB sets of the scheduled PUSCH. In the spec 38.214 [1], we captured the use of PRBs in the intra-cell guard bands especially for uplink resource allocation type 2 (interlaced-based frequency mapping). Even with uplink resource allocation type 0 or type 1, following the above wideband CCA restriction for PUSCH, PRBs allocated in frequency domain will be either transmitted all together or not transmitted at all. From that perspective, no additional behaviour is needed for uplink resource allocation type 0/1 with respect to intra-cell guard bands.

Proposals 1:
· No additional behaviour is needed for PUSCH resource allocation with respect to intra-cell guard bands

Intra-cell guard bands for downlink channels
Unlike PUSCH transmission, it is allowed for gNB to transmit PDSCH on parts of single active BWP where CCA is successful at gNB. For the case that gNB transmits PDSCH on whole BWP only when CCA is successful for whole LBT BWs inside the BWP, same argument with the UL wideband operation can be also used so it is assumed that PRBs in intra-cell guard bands are always used if overlapped with the resource allocation. 
However, for the other case that gNB transmits PDSCH on parts of single active BWP where CCA is successful at gNB, additional consideration has to be taken into account for the intra-cell guard bands. If CCA is not successful for some of the LBT BW, the guard band between successful LBT BW and unsuccessful LBT BW should not be used for PDSCH transmission since the unsuccessful LBT BW will make non-negligible interference to the guard band. Since the LBT outcome is not known to either gNB and UE beforehand, it is desirable that UE assumes nothing is transmitted on the intra-cell guar dbands. 
So for supporting the above two DL wideband operation options, we need to have a mechanism to protect the intra-cell guard bands at least for the 2nd option. The simplest mechanism to protect the guard bands is to reuse the RateMatchPattern which is already supported from Rel-15. This scheme was originally designed for avoiding the transmission of PDSCH inside the resource reserved for other purposes. Therefore, gNB can utilize this function to avoid the transmission of PDSCH by enabling rate matching around the resources reserved for intra-cell guard bands, which does not have any additional spec impacts. However, RateMatchPattern can be only configured for DCI format 1-1 and it cannot be used for DCI format 1-0. For this fall-back operation, we have to define a way to protect the guard bands by not mapping the PDSCH into the PRBs inside the intra-cell guard bands. The simplest way for DCI format 1-0 is not to map PDSCH into PRBs in intra-cell guard bands.

Proposal 2
· For DCI 1-1, use RateMatchPattern to avoid the PDSCH mapping to PRBs in intra-cell guard bands
· For DCI 1-0, enhance the spec 38.214 to void the PDSCH mapping to PRBs in intra-cell guard bands as given in the text proposal for 38.214


	Text proposal for 38.214
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When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.
When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, MsgB-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
A UE expects a configuration provided by ssb-PositionsInBurst in ServingCellConfigCommon to be same as a configuration provided by ssb-PositionsInBurst in SIB1.
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Clauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 
A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.
A UE shall assume that the PRBs inside the intra-cell guard bands intra-cell guard bands defined in Clause 7, if configured, are not available for PDSCH scheduled by PDCCH with DCI format 1_0.




Conclusions
In this contribution, we discussed wideband operation for NR-U both for downlink and uplink and we derived the following proposals:

Proposals 1:
· No additional behaviour is needed for PUSCH resource allocation with respect to intra-cell guard bands

Proposal 2
· For DCI 1-1, use RateMatchPattern to avoid the PDSCH mapping to PRBs in intra-cell guard bands
· [bookmark: _GoBack]For DCI 1-0, enhance the spec 38.214 to void the PDSCH mapping to PRBs in intra-cell guard bands as given in the text proposal
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