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1 Introduction

The WI on New Radio (NR) Access Technology was approved at RAN #75. It was agreed the resource sharing between NR-PDCCH and NR-PDSCH should be allowed, i.e. it should be possible to dynamically reuse the resources in the CORESET(s) which do not carry control information for data. 

The following was agreed in RAN1 #87

· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any

In addition, the following was agreed in RAN1 Ad-hoc 1701

· The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE.

· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’

· FFS: how and with what granularity the unused control resource set(s) can be used for data

In our companion contribution [1], some general aspects on resource multiplexing between DL control and data are discussed, including different use cases, signaling, and specific considerations on the control and data channel structure in order to enable efficient resource sharing between the two. In this contribution, we provide some detailed solutions related to how to reuse the unused resource on the symbol carrying the CORESET(s).

2 Discussion
Considering the high control overhead in mini-slot transmissions, it is beneficial reuse of at least part of resources in the control resource sets for data, and method such as using starting position to enable or disable data transmission in control region has be considered, which could be shown in Figure 1. If the starting position is before the configured CORESET, the data transmission in control region is enabled as shown in Figure 1(a), otherwise the data transmission in control region is disabled as shown in Figure 1(b).
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Figure 1 Using starting position to enable or disable data transmission in control region

This method may not work well in some scenarios. As shown in Figure 2, when CORESET 2 for UE 2 is configured in the second symbol which may not be known to UE 1. If the starting position is from the first symbol, because there is a PDCCH for UE 2 and UE 1 is not aware of it, the PDSCH for UE 1 could have collision with PDCCH 2. However, if the starting position is always from the third symbol, the remaining resources on first symbol could not be used and the resource would be wasted. Even if the CORESET 2 is configured to UE1, because the PDCCH in second symbol may appear dynamically, such as a group common DCI used for pre-emption indication, there should be a filed for every CORESET in PDCCH 1 to indicate whether the resource in corresponding CORESET is used or not, which will increase control overhead. So using starting position to enable or disable data transmission in control region is not the best choice.
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 Figure 2 There is a CORESET for other UE(s) in the second symbol 
To enable efficient resource reuse with low signaling overhead, a resource sharing region is defined. In frequency, the resource sharing region is aligned with the frequency region of NR-PDSCH, i.e. only the resources overlapped with the NR-PDSCH can be indicated to be reused for data transmission. In time, the resource sharing region are the OFDM symbols which carry the CORESET(s). In case the UE is configured with multiple CORESET(s), the resource sharing region can be all the symbols carrying all the CORESET(s). One example of resource sharing region is shown in Figure 3, and whether using the resource in resource sharing region or not should be configured to UE.
Proposal 1: To reuse resources on symbol carrying CORESET for data, a resource sharing region is defined:
· In frequency, the resource sharing region is aligned with the frequency region of NR-PDSCH.
· In time, the resource sharing region are the OFDM symbols which carry the CORSET(s).
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Figure 3 Resource sharing of remaining resources on resource sharing region
In principle, the resource reuse can be performed in different manners, e.g. the resource reuse can be done at DCI level or CORESET level. As a further explanation, the resources resource sharing region other than resources carrying the DCI or CORESET(s) can be semi-statically reused for data. These different options should also be dynamically indicated to the UE, and UE always assumes that resources used for decoded PDCCH are not reused. For resource sharing in the resource sharing region, from UE perspective the following options can be considered:
· Option 1: In the resource sharing region, all time-frequency resources outside the CORSET(s) are used for NR-PDSCH, such as the blue region in Figure 3.
· Option 2: In the resource sharing region, all time-frequency resources inside the CORSET(s) except those for the decoded NR-PDCCH of the UE are used for NR-PDSCH, which is shown as green region in Figure 3.
· The decoded NR-PDCCH may include decoded NR-PDCCH of another UE, e.g. the presence/resources of NR-PDCCH for the other UEs is indicated to the UE [3].
· Option 3: In the resource sharing region, all time-frequency resources except those for decoded NR-PDCCH are used for NR-PDSCH, such as blue and green region in Figure 3.
· Option 4: In the resource sharing region, all time-frequency resources are not used for NR-PDSCH.
Both dynamic and semi-static signaling can be considered to support the above resource sharing options. In case of dynamic signaling, one or multiple bits can be added in the DCI to indicate one of above options.
Proposal 2: A UE can be semi-statically or dynamically signaled to select one of the above options for resource reuse for remaining frequency resources on resource sharing region.  
3 Conclusion

In this contribution, we provide several detailed solutions regarding how to reuse the unused resource on the symbol carrying CORESET(s). The following is proposed

Proposal 1: To reuse resources on symbol carrying CORESET for data, a resource sharing region is defined:
· In frequency, the resource sharing region is aligned with the frequency region of NR-PDSCH.
· In time, the resource sharing region are the OFDM symbols which carry the CORSET(s).
Proposal 2: A UE can be semi-statically or dynamically signaled to select one of the above options for resource reuse for remaining frequency resources on resource sharing region.  
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