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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#99 [1] , RAN1 agreed to introduce the concept of intra cell guard band and RB set. However, how to map PUSCH and PDSCH on the intra cell guard band is not clear. In the paper, we discuss the potential corrections on the related text in TS38.214 v16.0.0 [2]. Additionally, we further provide solution on how to indicate and map PDSCH and PUSCH on the intra cell guard bands. We provide text proposals in the appendix. The corrections and discussion on the CORESET and search space set configuration with multiple monitoring locations in frequency domain are in our companion paper [3] for AI 7.2.2.1.2. 
Resource mapping on intra cell guard band
In RAN1#99 [1], the following agreement was reached. The intra cell guard bands configured by higher layer signaling was also captured in the section 7 of TS38.214 v16.0.0 [2]. However, how to use of the configured intra cell guard is not specified.
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.
In RAN4#92bis [4], RAN4 agreed to define two types of intra-cell guard bands (Type-1 and Type-2) as plotted in Figure 1. Type-1 intra-cell guard band is between two adjacent RB sets where LBT succeed on both RB sets. Type-2 intra-cell guard band is between two adjacent RB sets where CCA is clear on only one of RB set. RAN4 further agreed in the same meeting that scheduling in Type-2 intra-carrier GBs is not feasible. From the coexistence perspective, there is no need for Type-1 intra-cell guard bands. 
Observation 1: According to RAN4 agreement, it is feasible for gNB to schedule on Type-1 intra-cell guard band in both uplink and downlink.
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[bookmark: _Ref23430223]Figure 1 Types of intra-carrier guard band [3]
Although the configuration of intra-cell guard band is semi-static, the type of intra-cell guard band changes dynamically according to the LBT outcome and resource allocation. For PUSCH Alt 1, gNB/UE determines the type of intra-cell guard bands based on whether UL resource allocation is cross-over two adjacent RB sets. For PDSCH option 3, gNB determines the type of intra-cell guard bands based on the LBT outcome. According to the specification of TS38.214, the FDRA signaling in DCI assumes all RB in a BWP is available for scheduling. When the intra-cell guard band overlapped with frequency domain resource allocation for a PUSCH/PDSCH is finally determined as Type-2 intra-cell guard band, the PUSCH or PDSCH on these resource should not be mapped. 
Proposal 1: When the intra-cell guard band overlapped with frequency domain resource allocation for a PUSCH/PDSCH is determined as Type-2 intra-cell guard band, the PUSCH or PDSCH should not map on these resource.     
[bookmark: _Ref129681832]Uplink resource mapping on the intra-cell guard band
In the section 6.1.2.2.3 of TS38.214 v16.0.0, resource mapping on intra cell guard bands between two indicated adjacent RB sets were supported for uplink resource allocation type 0/1 implicitly and for resource allocation type 2 explicitly as copied in the text box below. In uplink resource allocation of type 2, the resource block assignment information defined in [5, TS 38.212] indicates to a UE a set of up to M interlace indices, and a set of up to N RB sets, where M and interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211]. The UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any.

However, the current text highlighted in yellow results in zero frequency resource allocation, considering the mutual exclusion between intra-cell guard bands and RB set according to the definition. The UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the indicated set of RB sets, and intersection of resource blocks of the indicated interlaces and intra-cell guard bands defined in Clause 7 between the indicated RB sets if scheduled.
Observation 2: The intersection of the resource blocks of the indicated interlaces and the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets will result zero frequency resource allocation. The text should be reworded. 
For uplink resource allocation type 0, the granularity of resource allocation is one RBG. The size of RBG depends on number of PRB in a BWP, which is defined in the Table 6.1.2.2.1-1 in TS38.214 v16.0.0. One RBG includes at most 16 PRB.  On the other side, the configuration of intra cell guard band is in the unit of RB, which usually does not align with the RBG boundaries. Based on NR Rel-15 mechanism, at most 15 PRB might be wasted in an RB set as illustrated in the figure 2. It would be beneficial for UE to rate match RB indicated by FDRA while overlapping with intra cell guard band between two RB set where PUSCH is not scheduled on one of the RB set. 
Proposal 2: For resource allocation type 0, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated RBG(s) and union of RB set(s) overlapping with the indicated RBG(s) and intra cell guard bands between the adjacent RB sets overlapping with the indicated RBG(s), if any.
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[bookmark: _Ref32482065]Figure 2 Resource allocation type 0 in RB set

Downlink resource mapping on the intra-cell guard band
Considering the hardware restriction, it usually takes some time for the gNB to schedule and prepare the transmission in advance before LBT. The RB set(s) available for DL transmission might be different from those scheduled when PDSCH option 3 is enabled. 
According to the conclusion in RAN1#97[5], A UE can receive a PDSCH scheduled within an RB set or over multiple RB sets as per Rel-15 and current agreements in Rel-16. gNB could schedule multiple PDSCHs, each of which is restricted within an RB set at beginning of a DL burst, as plotted in Figure 3. If LBT on certain RB set fails, gNB just drop the PDSCH on that RB set. Each PDSCHs can be scheduled by individual PDCCH on the corresponding RB set. According to UE capability in NR R15, these PDSCH(s) should be scheduled to different UE respectively. NR-U gNB could also schedule 2 PDSCHs to the same UE on 2 RB sets, if the latest agreement in multiple TRP/Panel transmission [6] is also applied to NR-U. In order to satisfy intra-cell leakage requirement and EVM at the edge of RB sets when part of RB sets are not available, all configured intra-cell guard bands should be reserved at beginning of a DL burst. When UE is configured with downlink resource allocation type 1, gNB is able to avoid scheduling RB on the intra-carrier guard band by RIV indication.  If UE is configured with downlink resource allocation type 0, gNB could dynamically indicate RB level rate matching on the pre-configured intra-cell guard band via DCI format 1-1. Otherwise, UE could assume intra-cell guard band is always reserved when DCI format 1-0 is detected.
After gNB have the LBT outcome, gNB could schedule TB across multiple contiguous available RB set in the rest of the DL burst. gNB could also schedule PDSCH on the intra-cell guard band  between two adjacent RB sets where CCA are successful at both RB sets (regarded as Type-1),  depending on the capability of filter adaption at transmitter. For the UE configured to monitor GC-PDCCH carrying available RB set information, UE is able to determine whether PDSCH is mapped on the intra-cell guard bands without explicit signaling. gNB could dynamically indicate RB level rate matching on the pre-configured intra-cell guard band(s) via DCI format 1_1 when intra-cell guard bands are also configured as RateMatchPatterns in PDSCH-Config and/or ServingCellConfig. UE could assume intra-cell guard bands are always reserved when DCI format 1-0 is detected.
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[bookmark: _Ref533600711]Figure 3 PDSCH and PDCCH in single wideband BWP 
Proposal 3: gNB schedules PDSCH(s) confined within each RB set and reserves all intra-cell guard band at beginning of a DL burst. gNB could schedule PDSCH across multiple contiguous available RB sets and on the intra-cell guard band(s) in-between in the rest of the DL burst. 
UE is able to determine whether there is PDSCH mapping on the intra-cell guard band(s) based on Rate Matching Indicator in DCI format 1-1 and/or available RB set indicator in GC-PDCCH. UE assumes all intra-cell guard bands are reserved if DCI format 1_0 is used. 



[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
Based on the discussion, we have following observations and conclusions.
Observation 1: According to RAN4 agreement, it is feasible for gNB to schedule on Type-1 intra-cell guard band in both uplink and downlink.
Observation 2: the intersection of the resource blocks of the indicated interlaces and the indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets will result zero frequency resource allocation. The text should be reworded. 

Proposal 1: When the intra-cell guard band overlapped with frequency domain resource allocation for a PUSCH/PDSCH is determined as Type-2 intra-cell guard band, the PUSCH or PDSCH should not map on these resource.     
Proposal 2: For resource allocation type 0, the UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated RBG(s) and union of RB set(s) overlapping with the indicated RBG(s) and intra cell guard bands between the adjacent RB sets overlapping with the indicated RBG(s), if any.
Proposal 3: gNB schedules PDSCH(s) confined within each RB set and reserves all intra-cell guard band at beginning of a DL burst. gNB could schedule PDSCH across multiple contiguous available RB sets and on the intra-cell guard band(s) in-between in the rest of the DL burst. 
UE is able to determine whether there is PDSCH mapping on the intra-cell guard band(s) based on Rate Matching Indicator in DCI format 1-1 and/or available RB set indicator in GC-PDCCH. UE assumes all intra-cell guard bands are reserved if DCI format 1_0 is used. 
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Appendix: text proposal in TS38.214v16.0.0
[bookmark: _Toc11352094][bookmark: _Toc20317984][bookmark: _Toc27299882][bookmark: _Toc29673147][bookmark: _Toc29673288][bookmark: _Toc29674281]5.1.4.1	PDSCH resource mapping with RB symbol level granularity
*** Unchanged text is omitted ***
A configured group rateMatchPatternGroup1 or rateMatchPatternGroup2 contains a list of RB and symbol level resource set indices forming a union of resource-sets not available for PDSCH dynamically if a corresponding bit of the Rate matching indicator field of DCI format 1_1 scheduling the PDSCH is equal to 1. The REs corresponding to the union of configured RB-symbol level resource-sets that are not included in either of the two groups are not available for PDSCH scheduled by DCI format 1_1. When receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS activated by DCI format 1_0, the REs corresponding to configured resources in rateMatchPatternGroup1 or rateMatchPatternGroup2 are not available for PDSCH.
[bookmark: _Hlk512443080]For a bitmap pair included in one or two groups of resource sets, the dynamic indication of availability for PDSCH applies to a set of slot(s) where the rateMatchPatternToAddModList is present among the slots of scheduled PDSCH.
[bookmark: _Hlk508033505][bookmark: _Hlk508024697]If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol and if a detected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.
If a PDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for the PDSCH. When precoderGranularity configured in a CORESET where the PDCCH was detected is equal to allContiguousRBs, the associated PDCCH DM-RS are DM-RS in all REGs of the CORESET. Otherwise, the associated DM-RS are the DM-RS in REGs of the PDCCH.
For operation with shared spectrum channel access, the RBs corresponding to configured intra cell guard bands are not available for PDSCH when receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS activated by DCI format 1_0.  When a UE monitors DCI format 2_0 in which available RB set indicator field is provided, the RBs corresponding to configured intra cell guard bands between two adjacent RB sets are available for PDSCH within the COT duration indicated in DCI format 2_0 if both RB sets are indicated as “available” in the available RB set indicator. 
*** Unchanged text is omitted ***

[bookmark: _Toc11352146][bookmark: _Toc20318036][bookmark: _Toc27299934][bookmark: _Toc29673207][bookmark: _Toc29673348][bookmark: _Toc29674341]6.1.2.2.1	Uplink resource allocation type 0
In uplink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks defined by higher layer parameter rbg-Size configured in pusch-Config and the size of the bandwidth part as defined in Table 6.1.2.2.1-1. For operation with shared spectrum channel access mechansim, The UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated RBGs and the union of RB sets overlapping with the indicated RBGs and intra-cell guard bands defined in Clause 7 between the adjacent RB sets overlapping with the indicated RBGs, if any.
*** Unchanged text is omitted ***

[bookmark: _Toc29673209][bookmark: _Toc29673350][bookmark: _Toc29674343]6.1.2.2.3	Uplink resource allocation type 2
In uplink resource allocation of type 2, the resource block assignment information defined in [5, TS 38.212] indicates to a UE a set of up to M interlace indices, and a set of up to N RB sets, where M and interlace indexing are defined in Clause 4.4.4.6 in [4, TS 38.211]. The UE shall determine the resource allocation in frequency domain as an intersection of the resource blocks of the indicated interlaces and the union of indicated set of RB sets and intra-cell guard bands defined in Clause 7 between the indicated RB sets, if any. 
*** Unchanged text is omitted ***
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