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Introduction
During RAN1#90, the following agreements were made related to NR DL control channel resource reuse for data.
Agreements:
· A UE can be configured by RRC signaling with one or more resource set(s)
· The UE shall assume that the scheduled PDSCH is rate-matched around the resource set(s) when the scheduled PDSCH overlaps 
· FFS: exact configuration of a resource set including granularity.
Agreements:
· A UE can be configured by UE-specific RRC signaling to identify resource set(s) for which the PDSCH may or may not be mapped based on the L1 signaling.
· For a scheduled PDSCH overlapping with given resource set(s), L1 signalling indicates whether the scheduled PDSCH is rate-matched around the resource set(s) or is mapped to the resources in the resource set(s).
· FFS: details of the L1 signaling 
· FFS: exact configuration of a resource set including granularity
Agreements:
· At least the following is supported
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
· Other forms of resource sharing between PDCCH and PDSCH are not precluded
The framework for resource reuse for data was agreed with semi-static way and combined semi-static/dynamic way. In addition, the basic rate matching rule with the PDCCH scheduling the PDSCH was also agreed. This contribution discusses the remaining details on top of the current agreement.
This is a revision from R1-1713421.
Reuse resource set granularity
For resource reuse of DL control region for data, it will be assumed that the channel will be based on DM-RS in data region and not the control RS in DL control region.
The following pattern of reused REs were discussed in [1]. Given the difficulty of buffering the data if we have independent allocation from PDSCH allocation, it is proposed to allow time-domain expansion w.r.t. the allocated PDSCH in the data region.
Shape of reused REs
· Time-domain only expansion w.r.t. the allocated PDSCH
· UE just needs to know the starting symbol of PDSCH
· Time-domain/frequency-domain expansion independent of the allocated PDSCH in data region
· This implies independent resource allocation for DL control region from the data region
· UE needs to know the RE allocation in time and frequency domain in DL control region
· Time domain
· Starting symbol only or starting/ending symbol
· Frequency domain
· Starting/ending frequencies (if localized) or  reused CCEs (can be localized/distributed)
Proposal 1: For resource reuse, time-domain expansion is only considered with respect to the allocated PDSCH in the data region.
As discussed in [1], there will be a tradeoff between the overhead and reuse efficiency depending on the level of reuse. Multiple ways of reuse were discussed in [1], i.e., CORESET (or search space) level, OFDM symbol level, and/or CCE level. Given the trade-off, we can consider flexible way of resource reuse depending on the deployment, resource availability and scheduler policy. In other words, NW can configure the level of reuse (CORESET level, OFDM symbol level, or CCE level) for the expanded region. It should be noted that the current agreement allows this given the reuse resource set is not clearly restricted to certain level.
For CORESET level reuse, NW needs to indicate the existence and the size for each CORESET used, though the UE is not monitoring all of them. Then a bitmap can be use to indicate if any of the CORESETs are empty, so the resource can be reused. 
When a CORESET has more than one OFDM symbol, OFDM symbol level reuse can be further considered. In this case, NW will indicate the OFDM symbols available within a CORESET for reuse, when the OFDM symbol is not used for PDCCH transmission. This level reuse can achieve sub-CORESET level reuse with minimum overhead, especially when the indicator can be combined with the PDSCH starting symbol indicator. However, this reuse is only possible when the CORESET is using frequency first CCE to REG mapping. Under time first CCE to REG mapping, all OFDM symbols are used at the same time, and the reuse cannot be achieved in OFDM symbol level. Therefore, we propose frequency first mapping in multi-symbol CORESET in our companion paper [2].
When more overhead can be afforded, NW can configure CCE or group of CCE level reuse within a CORESET. In this case, NW will configure the UE about the size of each CCE groups and indicates the availability of the CCE groups using a bitmap. This approach has the highest efficiency of reuse, but needs relatively large overhead.
With these reuse mechanisms in mind, the NW can tradeoff overhead and reuse efficiency for different use cases. For example, for a wide band system with many CORESETs configured, it might be enough to stay with CORESET level reuse or even with super set of CORESET level reuse to keep the overhead low. For a narrow band system with only one CORESET, the NW may want to use CCE group level reuse to increase the reuse efficiency. 
Proposal 2: NW configures the level of reuse (CCE level, CCE group level, OFDM symbol level, search space level, CORESET level or super set of CORESET level) and provide the bitmap for reuse as the part of the DCI with the DL grant.
It should be noted that there should be a maximum limit in the size of bitmap in the DCI for dynamic reuse indication. The flexibility of reuse level can be allowed within this limit.
Default rate matching
In addition to the following rate matching rule, additional rule might be useful for NR.
· When the scheduled PDSCH overlaps with the PDCCH scheduling the PDSCH, the UE shall assume that the scheduled PDSCH is rate-matched around the PDCCH scheduling the PDSCH
Other than the PDCCH containing the DL grant, UE can have group common PDCCH and/or other UE-specific PDCCH for the UE such as the PDCCH with UL grant. The caveat is that the decoding of those PDCCH is not guaranteed. Therefore, in order to avoid confusion/mismatch between gNB and UE, we can consider rate matching around:
· The configured decoding candidate for a group common PDCCH
· UE-specific decoding candidates containing the PDCCH scheduling the PDSCH
Proposal 3: UE shall assume that the scheduled PDSCH is rate-matched around the configured decoding candidate(s) for a group common PDCCH for that UE.
Proposal 4: UE can be configured to have the scheduled PDSCH rate-matched around all the UE-specific decoding candidates containing the PDCCH scheduling the PDSCH.
Conclusions
In this contribution, we have discussed additional details on the reuse mechanism and have made the following proposals:
Proposal 1: For resource reuse, time-domain expansion is only considered with respect to the allocated PDSCH in the data region.
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