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1 Introduction
This contribution discusses one remaining issue of wideband operation under NR-U WI. 
· Intra-Cell Guard Bands Indication
2. Discussion
For wide-band operation on unlicensed band, it was agreed to introduce intra-cell guard bands between two adjacent RB sets with an RB level granularity. In addition, minimum guard band requirement defined by RAN4 is used as the guard bands when no semi-static value is configured by higher layers. In the RAN1 #92bis meeting, two types of intra-cell guard bands were defined on a common grid, which are termed as Type-1 and Type-2. Type-2 intra-cell guard band is located within the adjacent contiguous RB sets where one of them has passed LBT. Consensus was further made regarding the scheduling feasibility on intra-Cell Guard Bands as follows [1]: 
	· 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
· Scheduling in Type-2 intra-carrier GBs is not feasible



So far, RAN4 agreed to support at least 40/60/80MHz bandwidth for NR-U wideband operation, which consists of up to four RB sets. In RAN1#100e meeting, the issue of PDSCH transmission has been raised regarding how to signal the availability of intra-cell guard bands for Type-0 resource allocation. The situation becomes more complicated considering the fact that the type of a given intra-cell guard-band can be time-varied within a COT duration e.g. LBT fails at start and succeeds in the middle of COT. 
One solution proposed in last meeting was to reuse the rate matching pattern framework that was defined in Rel-15 to dynamically indicate the availability of intra-cell guard-band for Type-0 PDSCH transmission by scheduling DCI format 1_1. Note that, Rel-15 supports up to two groups of rate-matching resource resources, which were configured by RRC signalling and dynamically activation/deactivation using 2-bits field in DCI format 1_1. Up to two groups works well to signal the availability of intra-cell guard bands in case of smaller BWP up to 60MHz but is not sufficient for larger BWP (e.g. 80MHz) as illustrated in FIG.1. In this example, 80MHz BWP is considered, which covers 4 RB sets indexing from 0 to 3. The total number of Type-2 intra-CC guard bands combinations can be up to 14 as shown in FIG.1. As a consequence, for dynamic activation/deactivation of rate-matching resource set group, at least three groups of rate-matching resource sets are needed to independently indicate the presence of GP1/GP2/GP3, implying the need for one additional rate-matching group indicator bit in scheduling DCI format. Although the requested rate matching groups can be further reduced to two with sacrificing spectrum efficiency (e.g. assuming one of GP0/1/2 is always not available for resource allocation and then dynamic indicates the presence of other two GPs using two bits as in legacy), it imposes too much unnecessary scheduling restriction at the gNB side for Type-0 RA for wideband operation, which eventually results in throughput loss. 
Additional consideration is needed for the collision between PDSCH DMRS REs and rate-matching pattern. In [2], it was agreed that PDSCH DMRS REs indicated by the frequency domain resource assignment field in a DCI are always transmitted and not overlapping with any RM pattern. As a consequence, reusing rate-matching pattern cannot null out some PRBs at front loaded DMRS and additional DMRS and therefore cannot be flexibly used to create the intra-CC guard band to achieve interference mitigation function. 
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To avoid unnecessary restriction of intra-CC guard band utilization, one simpler way is to utilize the RB sets information provided in DCI format 2_0 if it is present. As one example, if availableRB-SetPerCell-r16 is configured and detected in a DCI format 2_0, the availability of intra-CC guard band for PDSCH transmission can be derived at the UE side correspondingly. One issue needs to be discussed is how to handle the RBG that is partially overlapped with Type-2 intra-CC guard band for the Type-0 resource allocation scheme. 
Three options exist to solve this problem: 
· Option 1: The RBG partially overlapped with Type-2 intra-CC guard band is not used for Type-0 RA. 
· Option 2: The RB overlapped with Type-2 intra-CC guard band is not available for Type-0 RA.
· Option 3: The PRG partially overlapped with Type-2 intra-CC is not used for Type-0 RA 
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As shown in FIG.2, the Opt. 1 is the simplest solution from UE implementation perspective but may significantly impact the PDSCH performance as the entire RBG cannot be used, especially considering the RBG size can be up to 16 for a wide-band BWP. Although the Opt.2 provides the best resource utilization i.e. all non-overlapped RBs are addressable, it violates a very fundamental design principle that is widely used in Rel-15 NR i.e. only the first PRG and last PRG can have smaller sizes while all other PRGs in between end up with same PRG size as configured. As a result, it’ll inevitably introduce complexity at both transmitter and receiver to process increased number of smaller PRG(s) that are punctured by intra-CC guard band e.g. PRG#3 with 1 RB. Opt.3 provides a good trade-off between UE complexity (i.e. no need of handling different sizes of PRG) and throughput performance. This flexibility is beneficial and important to keep the PRG size identical across frequency domain allocation except for the first PRG and last PRG in the same way as in Rel-15 NR baseline. It should be also noted that one PRG consists of either 2 and 4 PRBs and excluding one punctured PRG overlapped with intra-CC guard band would not result in any material spectrum efficiency loss. It is especially true when PRG size is configured to be 2, which is fully controlled by gNB scheduler. Based on the discussions above, Opt.3 is clearly more feasible and better design and therefore preferable to address this problem. 
One more discussion point for Type-0 resource allocation is how to handle the case when precoding granularity is configured as ‘wideband’. As in legacy, in case of wideband precoding configuration, the UE is not expected to be scheduled with non-contiguous PRBs and UE may assume that a same precoding is applied to the allocated resource. Unlike the case of PRG=2/4RB precoding, support of RB-level rate-matching is feasible to improve the resource efficiency. 
Proposal 1: 
· If available RB Sets indictor is provided in a detected DCI format 2_0 and DL Type 0 resource allocation is used for PDSCH resource allocation,
· If precoding granularity is equal to the values among {2,4}, the UE shall assume the PDSCH and DMRS are not mapped to any PRG that is partially overlapped with a Type 2 intra-CC guard band.
· If precoding granularity is determined as “wideband”, the UE shall assume the PDSCH and DMRS are not mapped to any RB(s) that is partially overlapped with a Type 2 intra-CC guard band.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Another aspect that needs to discuss is how to interpret the Type-0 RA when availableRB-SetPerCell-r16 information is not available e.g. either DCI format 2_0 is not configured or is configured but not detected yet, e.g. at the start of COT. We believe it is sufficient to assume any PRG that are overlapped with any intra-CC guard bands is NOT used for Type-0 RA since this is not expected to be typical case given many NR-U functionalities are operated depending on the DCI format 2_0.  
Proposal 2: 
· If Available RB set Indicator is not provided and DL Type 0 resource allocation is used for PDSCH resource allocation,
· If precoding granularity is equal to the values among {2,4}, UE shall assume the PDSCH and DMRS is not mapped to any PRG that is overlapped with any intra-CC guard band.
· If precoding granularity is determined as “wideband”, the UE shall assume the PDSCH and DMRS are not mapped to any RB(s) that is partially overlapped with a Type 2 intra-CC guard band.

>>> Text Proposal TP1 for 38.214, Section 7>>>
[bookmark: _Toc29673232][bookmark: _Toc29673373][bookmark: _Toc29674366]7	UE procedures for transmitting and receiving on a carrier with intra-cell guard bands
*** Unchanged text omitted ***
For a carrier with intra-carrier guard bands, the UE does not expect to receive a BWP configuration by BWP-Downlink or BWP-Uplink partially overlapping with a RB-set. RB-sets within BWP form a set  of cardinality .
For a carrier with intra-carrier guard bands, the UE assumes that any PRG that are fully/partially overlapped with an intra-carrier guard band is not used for downlink resource allocation type 0 if the availability of corresponding RB-set of the intra-carrier guard band is not provided to UE by DCI format 2_0 and precoding granularity is determined as one of the values among {2,4}. 
For a carrier with intra-carrier guard bands, the UE assumes that any PRB that are fully/partially overlapped with an intra-carrier guard band is not used for downlink resource allocation type 0 if the availability of corresponding RB-set of the intra-carrier guard band is not provided to UE by DCI format 2_0 and precoding granularity is determined as “wideband”. 
For a carrier with intra-carrier guard bands, the UE assumes that any PRG that are fully/partially overlapped with an intra-carrier guard band is not used for downlink resource allocation type 0 if precoding granularity is determined as one of the values among {2,4} and the availability of corresponding RB-set is provided to UE by Available RB set Indicator field in a DCI format 2_0 which indicates at least one of two corresponding RB-sets of the intra-carrier guard band is not available for PDSCH . 
For a carrier with intra-carrier guard bands, the UE assumes that any PRB that are fully/partially overlapped with an intra-carrier guard band is not used for downlink resource allocation type 0 if precoding granularity is determined as “wideband” and the availability of corresponding RB-set is provided to UE by Available RB set Indicator field in a DCI format 2_0 which indicates at least one of two corresponding RB-sets of the intra-carrier guard band is not available for PDSCH . 

>>> End Text Proposal >>>

3. Conclusion
In this contribution, we discussed one remaining issue for Type-0 resource allocation to handle the intra-cc guard-band for PDSCH reception. Based on the analysis in Section 2, we proposed to the following and corresponding TP to address this issue:
Proposal 1: 
· If available RB Sets indictor is provided in a detected DCI format 2_0 and DL Type 0 resource allocation is used for PDSCH resource allocation,
· If precoding granularity is equal to the values among {2,4}, the UE shall assume the PDSCH and DMRS are not mapped to any PRG that is partially overlapped with a Type 2 intra-CC guard band.
· If precoding granularity is determined as “wideband”, the UE shall assume the PDSCH and DMRS are not mapped to any RB(s) that is partially overlapped with a Type 2 intra-CC guard band.

Proposal 2: 
· If Available RB set Indicator is not provided and DL Type 0 resource allocation is used for PDSCH resource allocation,
· If precoding granularity is equal to the values among {2,4}, UE shall assume the PDSCH and DMRS is not mapped to any PRG that is overlapped with any intra-CC guard band.
· If precoding granularity is determined as “wideband”, the UE shall assume the PDSCH and DMRS are not mapped to any RB(s) that is partially overlapped with a Type 2 intra-CC guard band.
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Figure 1: Intra-CC guard band availability for PDSCH Transmission
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Figure 2: Type-0 resource allocation for NR-U wideband operation




