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1. [bookmark: _GoBack]Introduction
In this contribution, we discuss resource sharing between data and control channels for NR.
2. Resource sharing between DL data and control channels
To improve spectral efficiency, resource sharing between DL data and control channels is desirable. For LTE, OFDM symbols are clearly divided into two time-domain regions; one is for DL control channels (PDCCH/PCFICH/PHICH), and the other is for PDSCH. Besides, PCFICH controls the number of OFDM symbols for DL control channels such that the amount of resources for DL control and DL data can be adapted. For NR, mechanisms to enable resource sharing between control and data efficiently and dynamically are desirable.
Three levels of resource sharing between own PDCCH and PDSCH can be considered:
1. CORESET(s) configured for the scheduled UE is/are not reused for PDSCH.
· Resources other than those for the configured CORESET(s) are reused for PDSCH.
2. Search space(s) monitored by the scheduled UE is/are not reused for PDSCH.
· Resources of the CORESET other than those for the search spaces(s) are reused for PDSCH.
3. The exact resource(s) for DCI(s) transmitted to the scheduled UE is/are not reused for PDSCH.
· Resources of the CORESET other than those for the DCI(s) are reused for PDSCH.
For all the options, rate-matching is desirable for handling the overlapped resources (i.e., puncturing is not desirable). Spectral efficiency could be higher with the order of 1  2  3. For example, in case of option 1, regardless of the CORESET load, spectral efficiency cannot be improved. Whilst, scheduling complexity is lower with the order of 3  2  1. For example, in case of option 3, PDSCH rate-matching pattern cannot be fixed until PDCCH scheduling is fixed. However, it is desirable to allow gNB for running schedulers for PDCCH and PDSCH without very tight interaction. NR specification should allow gNB to control the interaction between PDCCH and PDSCH schedulers, i.e., either 1/2 or 3 should be up to gNB. 

Another issue is how to deal with CORESET(s)/search space(s)/DCI(s) unknown to the scheduled UE. For this, also three levels of resource sharing between unknown PDCCH and PDSCH can be considered:
1. CORESET(s) NOT configured for the scheduled UE is/are not reused for PDSCH.
2. Search space(s) NOT monitored by the scheduled UE is/are not reused for PDSCH.
3. The exact resource(s) for DCI(s) NOT transmitted to the scheduled UE is/are not reused for PDSCH.
Similar to the discussion above, there is a clear trade-off between scheduler complexity increase and spectral efficiency. Besides, if the handling of PDSCH is rate-matching, how/what to inform the scheduled UE of unused resources is the additional issue.

In order to allow wide variety of scheduler implementations with different achievable spectral efficiency, we propose to adopt following mechanisms to enable resource sharing between PDCCH and PDSCH.
Option 1: Scheduling DCI indicates the starting position of the scheduled PDSCH.
This enables dynamic resource sharing between PDCCH and PDSCH in TDM manner. Note that the DCI should be able to indicate the duration or ending position of the scheduled PDSCH as well. Also, DCI scheduling a PUSCH should also be able to indicate the starting position and duration/ending position of the scheduled PUSCH. Details are discussed in [1].

Option 2: Scheduling DCI indicates the frequency-domain resource allocation of the scheduled PDSCH.
This enables dynamic resource sharing between PDCCH and PDSCH in FDM manner. It was agreed at the RAN1 NR Ad-Hoc#2 meeting that LTE DL type 0 and type 2 are the starting points of frequency-domain resource allocation for PDSCH. In case of bit-map type resource allocation, it is desirable to set the resource allocation granularity be aligned for PDCCH and PDSCH, so that the amount of unused resources can be minimized. Details are discussed in [2].

Option 3: When the PDSCH is scheduled on resources overlapping with the known CORESET(s) or with the monitored search space(s) or with the detected DCI(s), the PDSCH is rate-matched around the CORESET(s) or search space(s) or DCI(s).
This enables further improved resource utilization compared to pure TDM or pure FDM. If the rate-matching is around known CORESET(s) or search space(s), since the resources for the whole CORESET(s) or the whole search space(s) are unused, PDCCH scheduling can be flexible regardless of how PDSCH is scheduled, while the unused resources in the CORESET(s) or searh space(s) are not available. On the other hand, if the rate-matching is around the detected DCI(s), joint scheduler for PDCCH and PDSCH is essential, but the amount of unused resources can be minimized. Which level the UE shall rate-match the PDSCH can be configurable by higher-layer. 

Option 4: When the PDSCH is scheduled on resources overlapping with the unknown/reserved resources indicated by SFI or configured by RRC, the PDSCH is rate-matched around the unknown/reserved resources.
The ‘unknown’ resources can be indicated by SFI [3] and can be configured by RRC [4]. By using this function, it is possible to reserve a certain amount of resources for the purpose of PDCCH mapping for other UEs. The ‘unknown’ resources should be able to be whole or part of the frequency resources of the given symbol(s)/slot(s). By using SFI, one of multiple patterns of ‘unknown’ resources can be indicated in dynamic manner. Details of ‘unknown’ resource indication realized by SFI and by RRC is discussed in [3] and [4].

gNB can select one or multiple options depending on the operational scenarios, scheduler implementation, and target achievable spectral efficiency. Further efficient and smart approaches of resource sharing can be considered in future releases if deemed necessary.

Proposals:
· For resource sharing between PDCCH and PDSCH, following options are supported.
· Option 1: Scheduling DCI indicates the starting position of the scheduled PDSCH.
· Option 2: Scheduling DCI indicates the frequency-domain resource allocation of the scheduled PDSCH.
· Option 3: When the PDSCH is scheduled on resources overlapping with the known CORESET(s) or with the monitored search space(s) or with the detected DCI(s), the PDSCH is rate-matched around the CORESET(s) or search space(s) or DCI (s).
· Option 4: When the PDSCH is scheduled on resources overlapping with the unknown/reserved resources indicated by SFI or configured by RRC, the PDSCH is rate-matched around the unknown/reserved resources.

3. Conclusion
In this contribution, we discussed resource sharing between PDCCH and PDSCH for NR and proposed following:
Proposals:
· For resource sharing between PDCCH and PDSCH, following options are supported.
· Option 1: Scheduling DCI indicates the starting position of the scheduled PDSCH.
· Option 2: Scheduling DCI indicates the frequency-domain resource allocation of the scheduled PDSCH.
· Option 3: When the PDSCH is scheduled on resources overlapping with the known CORESET(s) or with the monitored search space(s) or with the detected DCI(s), the PDSCH is rate-matched around the CORESET(s) or search space(s) or DCI (s).
· Option 4: When the PDSCH is scheduled on resources overlapping with the unknown/reserved resources indicated by SFI or configured by RRC, the PDSCH is rate-matched around the unknown/reserved resources.
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