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1 Introduction
In previous RAN1 meetings, the followings were agreed on the NR-PDCCH design [1, 2].
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

· FFS: signaling needed, if any

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
This contribution considers the FFS issues and further aspects related to the reuse of parts of control resource sets for data transmission.
2 Resource sharing between NR-PDCCH and PDSCH
In RAN1 NR ad-hoc meeting, it was agreed that the staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE and it is still FFS how to indicate and details of signalling. This contribution considers alternatives for indication of the starting symbol for a PDSCH transmission.
2.1 Signalling aspects for resource sharing between control and data

Alt#1: Single data starting position indication

Indication for a single data starting position for a PDSCH transmission is possibly the simplest approach and remaining issues can be viewed as gNB implementation ones. In this method, a UE receives a PDSCH at the same starting symbol regardless of the frequency resources for the PDSCH reception. However, this can result a large amount of unutilized resources particularly when a PDSCH is allocated in the frequency domain with non-contiguous manner. Also, the possible starting symbol for a PDSCH transmission can depend on the maximum CORESET duration when multiple CORESETs are configured for a given system bandwidth. Then, it is rather meaningless to have different CORESETs span different numbers of symbols in a slot when a starting symbol for PDSCH transmissions in the slot needs to be determined according to the maximum CORESET duration. For the signaling method, either UE-specific DCI or UE-group common DCI can be used to convey the indication for the starting symbol of PDSCH transmissions.

Proposal 1: A network can dynamically indicate a starting symbol for PDSCH transmissions in a slot either by UE-specific DCI or by UE-group common DCI.
Alt#2: Multiple data starting position indication
To enhance resource utilization, multiple starting symbols for a PDSCH transmission according to the frequency locations can be further considered. Although this can increase resource reuse flexibility, it also increases signaling overhead due to multiple indications. To maintain reasonable signaling overhead, the granularity of indications should be carefully considered. 
As one alternative, a scheduled PDSCH can be divided into predefined number of data parts in frequency domain and the starting symbol of each part of PDSCH can be informed by multiple indicators as shown in Figure 1. Regarding this method, it is desirable to use dynamic L1 signaling using UE-specific DCI. The signaling overhead increases with the configured number of data parts.
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Figure 1. Data part-level multiple starting symbol indication

To further reduce signaling overhead, the multiple starting symbols per bandwidth part can be semi-statically configured as shown in Figure 2. As discussed in [3], using CORESET-level resource sharing for un-configured CORESETs is desirable when a UE does not have knowledge of NR-PDCCHs transmitted in un-configured CORESETs. If the CORESET duration is configured semi-statically, it is possible for a network to semi-statically indicate all CORESET durations. A UE determines a starting symbol for a PDSCH reception in a bandwidth region based on the configured starting symbol for the bandwidth part. 
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Figure 2. Bandwidth part-level multiple starting symbol indication

A combination of dynamic and semi-static signaling can be also considered. Starting symbols for PDSCH receptions in bandwidth parts that include un-configured CORESETs can be indicated semi-statically while starting symbols for PDSCH receptions in bandwidth parts that include configured CORESETs can be indicated dynamically. Higher layer signaling and/or UE-group common DCI [4] can be used to indicate starting symbols for PDSCH transmissions in bandwidth parts that include un-configured CORESETs and/or not include CORESETs. UE-specific DCI and/or UE-group common DCI can be used to dynamically indicate starting symbols for PDSCH transmissions in bandwidth part that includes configured CORESETs.

Proposal 2: A network can dynamically and/or semi-statically indicate multiple starting symbols in respective multiple BW regions for PDSCH transmissions using group common DCI/UE-specific DCI/higher layer signaling.

3 Conclusion
This contribution discussed issues on signaling aspects for NR-PDCCH and PDSCH multiplexing based on the agreements in the previous RAN1 meetings. Following proposals were made as below.
Proposal 1: A network can dynamically indicate a starting symbol for PDSCH transmissions in a slot either by UE-specific DCI or by UE-group common DCI.

Proposal 2: A network can dynamically and/or semi-statically indicate multiple starting symbols in respective multiple BW regions for PDSCH transmissions using group common DCI/UE-specific DCI/higher layer signaling.
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