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1. Introduction

In the 3GPP RAN1#87 meeting, the agreements for resource sharing between PDCCH and PDSCH were made.

Agreements:
· 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
In 3GPP RAN1 NR AH meeting, the following agreement was made for the indication of starting position of PDSCH  
Agreements:
· The staring 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 this contribution, we provides our views on the resource sharing between PDCCH and PDSCH.


2. Resource sharing between PDCCH and PDSCH
When there resource sharing is configured to an UE, the UE can receive data in the time/frequency resources which are not used by its own PDCCH or other UEs’ PDCCH. From our view, the resource shared for PDSCH should be limited to the subset of the scheduled frequency resources used for PDSCH transmission, e.g. the subset of PDSCH resource allocation in frequency domain. The benefit is that the channel estimation, precoder/beamforming and modulation order for data region can be reused by the PDSCH in the control region. In each subset, the PDCCH resource can be shared to PDSCH transmission. The subset is defined as a contiguous PRBs in frequency and is aligned with the PDSCH resource allocation. 
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Figure 1 Resource sharing for PDSCH transmission

Proposal 1. In frequency domain, the resource shared for PDSCH is aligned with the PDSCH resource allocation.
Proposal 2. In time domain, the resource shared for PDSCH can be start from any OFDM symbol to OFDM symbol N, where N is smaller than the indicated PDSCH starting position.
In the following we discuss the designs for the resource sharing between PDCCH and PDSCH. From the discussions in 3GPP NR AH2 meeting, the resource can be share the unused resource within all candidate subsets using two stage signaling [1]. The two stage signaling including both higher layer RRC signaling and dynamic signaling. RRC signaling is used to indicate the time and frequency resources for which PDSCH may or may not be mapped. Dynamic signaling is used to indicate which of the time and frequency resources configured by the RRC signaling can be mapped to PDSCH. In the following we propose the design based on the two stage signaling.
· Higher layer RRC signaling 
The RRC signaling, which indicates the resources in which PDSCH may or may not be mapped, may contain
· Time domain resource information
· Time domain resource is contiguous. 

· E.g., Starting OFDM symbol and duration

· Frequency domain resource information. 
· Frequency resource can be noncontiguous 
· E.g., A set of resource block groups (RBGs) with a predefined resource block group (RBG) size.
When UE receives the RRC signaling, UE assumes that sharing may occur in the intersections between the candidate subsets (e.g., Figure 1) and the indicated time-frequency resources.
· Dynamic signaling.
The dynamic signaling includes a bit map for RBGs indices and can be carried in UE-specific DCI or group common DCI.
· Dynamic signaling in UE-specific DCI 
In this case, the time-frequency resources signaled by RRC can be UE specific. A UE-specific bit map is sent to each UE. When the dynamic signaling is missed, UE skips this slot. The pros and cons are listed below
· Good reliability 

Since PDSCH resource mapping is clear when UE-specific DCI is received, the performance with resource sharing is the same as that without resource sharing.
· Large control overhead
Since the dynamic signaling is UE-specific, the overall control overhead is large.
· Dynamic signaling in group common DCI
In this case, the time-frequency resources signaled by RRC is common. A single bit map is shared among multiple UEs. UE use both UE-specific DCI and group common DCI to When the dynamic signaling is missed, UE follows UE-specific DCI. The pros and cons are listed below
· Additional blind detection efforts for group common DCI
Since group common DCI is transmitted in the group common search space or common search space, additional efforts for blind detection is required.
· Lower control overhead
Since group common DCI is sent for multiple UEs, smaller control overhead can be achieved.
· Worse reliability 

When dynamic signaling is transmitted in group common DCI, PDSCH can be correctly decoded only if the decoding of both UE-specific DCI and group common DCI are correct. As a result, the error rate is higher than the case using UE-specific DCI only. The cases for erroneously decoding group common DCI include miss detection, false alarm, and PDCCH decoding error.

One way to reduce the error rate when group common DCI is used is to ensure that the PDSCH performance of the original data region is not affected by the sharing operation. That is, decouple the PDSCH reception between the shared region and the original data region. To do this, we also need to consider the bit-level interleaving design in channel coding and modulation symbol interleaving design in MIMO procedure, which would randomize the transmissions.
· If bit-level interleaving is supported, the transport block used in the shared region is independent from the transport block used in the original data region. Figure 4 illustrates an example for separating the transport block for the shared region and data region. In this example, TB 1 is mapped in the original data region and TB2 is mapped in the shared region. If GC DCI is erroneously decoded by the UE, gNB can retransmit TB 2 by HARQ retransmission process.
· If modulation symbol interleaving is supported, the modulation symbol interleaving for original data region and shared control region are independent. For example, TB 1 is mapped in the original data region and TB2 is mapped in the shared region. If GC DCI is erroneously decoded by the UE, gNB can retransmit TB 2 by HARQ retransmission process.

· If both bit-level interleaving and modulation symbol interleaving are supported, the transport block used in the shared region is independent from the transport block used in the original data region and the modulation symbol interleaving for the shared region and the original data region are independent.
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Figure 4 Transport block separation for resource sharing
Proposal 3. In the higher layer RRC configuration for resource sharing,  
· Time domain resource is contiguous. 
· Frequency domain resource can be noncontiguous 
Proposal 4. The dynamic signaling for resource sharing can be carried in UE-specific DCI or group common DCI.
· If the dynamic signaling is carried in UE-specific common DCI, the choice of candidate granularity is a trade-off between efficiency and overhead.

· If the dynamic signaling is carried in group common DCI, the reliability for decoding PDSCH needs to be improved. 


3. Conclusion
From the above discussions, we have
Proposal 1. In frequency domain, the resource shared for PDSCH is aligned with the PDSCH resource allocation.
Proposal 2. In time domain, the resource shared for PDSCH can be start from any OFDM symbol to OFDM symbol N, where N is smaller than the indicated PDSCH starting position.
Proposal 3. In the higher layer RRC configuration for resource sharing,  
· Time domain resource is contiguous. 
· Frequency domain resource can be noncontiguous 
Proposal 4. The dynamic signaling for resource sharing can be carried in UE-specific DCI or group common DCI.
· If the dynamic signaling is carried in UE-specific common DCI, the choice of candidate granularity is a trade-off between efficiency and overhead.

· If the dynamic signaling is carried in group common DCI, the reliability for decoding PDSCH needs to be improved. 
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