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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

In NR, the CORESET configurations of each UE can be different in time or frequency domain. Since the UE receives only the configurations of the common CORESET and UE-specific CORESET, the UE does not know the time domain duration of other UE’s UE-specific CORESETs. Furthermore, since the number of PDCCHs may change form slot to slot, the starting position of PDSCH for an UE may change dynamically. Thus, a dynamic signaling is required to indicate the starting position of the PDSCH.

Proposal 1. When there is no resource sharing between PDCCH and PDSCH, a dynamic signaling is required to indicate the starting position of the 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 2. The resource shared for PDSCH is limited to the predefined subsets.

· In frequency domain, a subset consists of a contiguous PRBs and is aligned with the PDSCH resource allocation.

· In time domain, a subset starts from OFDM symbol 0 to N, where N is equal to the indicated PDSCH starting position – 1.

In the following we discuss three design options to share the resources between PDCCH and PDSCH.

Alt 1. Share the unused resource within the subsets which are overlapped with the configured CORESETs.

In this case, only the subsets which are overlapped with the CORESETs can be shared to PDSCH transmission. The UE-specific DCI can carry two types of starting positions. 
· Type A starting position

This information indicates the starting position of PDSCH without sharing. This can be used to define the subsets for sharing. There is only one type A starting position in one UE-specific DCI.

· Type B starting positions

This information indicates the starting position of PDSCH in subsets. There can be multiple type B starting positions in one UE-specific DCI.

For example, as shown in Figure 1, assume there are two CORESETs configured to an UE. The UE-specific DCI is detected in CORESET 1. Assume type A starting position is two, which means that PDSCH without sharing starts from OFDM symbol 2. Using type A starting position, UE can define three subsets, e.g., subset 0, 1, and 2. Since subset 2 does not overlapped with any configured CORESETs, resources in subset 2 are not shared for PDSCH transmission. Assume there is only on type B starting position and the value is one. This means the PDSCH in both subset 0 and 1 starts from ODFM symbol 1. Note that there can be two or more type B starting positions. The starting position of PDSCHs in the subsets can be set either independently or together.
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Figure 2 Resource sharing within the subsets which are overlapped with CORESETs

Alt 2. Share the unused resource within all subsets.
In this case, all the subsets can be shared for PDSCH transmission. There resource sharing is divided into two steps.

Step I: Share the resource in the subsets which are overlapped with CORESETs.
In this step, the sharing mechanism is the same as in Alt1 (as shown in Figure 2).

Step II: Share the resources in the other subsets.
In this step, UE blindly detect whether there is its own data. 

Step II-1. Energy detection of PDCCH DMRS

UE blindly detect the existence of other UE’s DMRS per REG. If there is no DMRS detected in the REG, this REG may be used for either its PDSCH transmission or other UEs’ PDSCH transmission. 

Step II-2. Check the CRC of the code block.

First, some hypotheses of possible PDSCH locations is made by UE. Then for each hypothesis, UE performs channel decoding for the corresponding code block and check the CRC. If the CRC check succeeds, UE get its PDSCH in the shared resources. In order to reduce the number of blind detections, the number of hypotheses can be set to be restricted. This is a trade-off between UE complexity and resource utilization. For example, as shown in Figure 3, the resource sharing of subset 0 and 1 can be obtained from DCI. The resource sharing of subset 2 and 3 can be obtained from UE blind detections. To reduce the number of blind detections, the sharing in subset 2 and 3 is restricted to {symbol 0}, {symbol 1}, and {symbol 0, symbol 1} in time domain.
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Figure 3 Resource sharing within all subsets
Alt 3. Share the unused resource within all subsets using group common PDCCH.

In this case, all the subsets can be shared for PDSCH transmission. First UE defines the subsets which can be used for data sharing from the starting position carried in UE-specific DCI. Then UE receives the resource allocation of all PDCCHs from the group common PDCCH. The resource allocation of all PDCCHs can be signaled to UE by a bit map. The bit map is composed of CCE groups. Note that the CCEs are computed based on the whole bandwidth and maximal control region size. For example, assume subcarrier spacing is 15 kHz, the bandwidth is 20 MHz, and the maximal control region size is 3 OFDM symbols. Suppose one CCE group contains 4 CCEs. Then for the whole bandwidth there are floor(100*3/6/4) = 12 CCE groups and thus the size of the bit map is 12 bits. Finally in each subsets, UE can perform rate matching with the knowledge of PDCCH resource allocation.

Therefore, we have

Proposal 3. Three alternatives can be considered for resource sharing between PDCCH and PDSCH.
Alt 1. Share the unused resource within the subsets which are overlapped with the configured CORESETs.

Alt 2. Share the unused resource within all subsets.
Alt 3. Share the unused resource within all subsets using group common PDCCH.


3. Conclusion

From the above discussions, we have
Proposal 1. When there is no resource sharing between PDCCH and PDSCH, a dynamic signaling is required to indicate the starting position of the PDSCH.
Proposal 2. The resource shared for PDSCH is limited to the predefined subsets.

· In frequency domain, a subset consists of a contiguous PRBs and is aligned with the PDSCH resource allocation.

· In time domain, a subset starts from OFDM symbol 0 to N, where N is equal to the indicated PDSCH starting position – 1.

Proposal 3. Three alternatives can be considered for resource sharing between PDCCH and PDSCH.
Alt 1. Share the unused resource within the subsets which are overlapped with the configured CORESETs.

Alt 2. Share the unused resource within all subsets.
Alt 3. Share the unused resource within all subsets using group common PDCCH.
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