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1 Introduction

At the RAN1#87 meeting, the following agreements were made regarding dynamic resource sharing between DL control and data channel [1]: 

· 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
Furthermore, the following agreements were made on the dynamic indication of starting position of downlink data channel [2]:  

· 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 present our view on dynamic resource sharing between DL control and data channel in NR.  

2 Dynamic resource sharing between DL control and data channel for slot based transmission
At the RAN1#87 meeting [1], it was agreed that NR should support dynamic reuse of at least part of the resources in the control resource sets (CORESET) for data for the same or a different UE at least in the frequency domain. To support dynamic sharing between DL control and data channel within one slot, the starting position of DL data in a slot can be explicitly and dynamically indicated to the UE [2]. 
Depending on the frequency location of CORESET and data channel, starting position for DL data channel for different UEs can be distinct. As illustrated in Figure 1, the starting position of DL data transmission for UE#1 and UE#2 is symbol #0 and #1, respectively. To provide scheduling flexibility of data transmission for multiple UEs within one slot, it is more appropriate to signal the starting position of DL data transmission in a UE-specific DCI. 
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Figure 1. Different starting positions of DL data transmission for different UEs
Proposal 1

· The starting position of downlink data in a slot can be dynamically indicated in a UE-specific DCI. 

For dynamic resource sharing between DL control and data channel, two mechanisms can be considered in the frequency domain. For the case where the DCI signals a DL data starting symbol equal to or less than the CORESET duration in the time domain, the DL data channel could either be rate matched around the CORESET for DL control channel or around the resources actually used for transmission of the DL control channel. Note that UE would only know the resources of its own DL control channel reception and could not take into account other UE’s DL control channel transmissions in the rate matching. 

For the latter option, in-resource allocation of DL control and data channel can be considered. In particular, for a given UE, DL data transmission only overlaps with the associated DL control channel, which can provide maximum spectral efficiency. On the other hands, the former mechanism may allow more scheduling flexibility given that DL data transmission would be only rate matched around the reserved resource for DL control channels. 
Hence, to strive for an appropriate tradeoff between signalling overhead and spectral efficiency, it may be desirable to include a bit field with limited bit-width in the DCI to indicate the resource allocated for PDSCH transmission. More specifically, a set of time and frequency physical resources can be configured by higher layers, and one field in the DCI scheduling PDSCH transmission can be used to indicate which configured time and frequency resource(s) can be used for PDSCH transmission. Further, to enable in-resource allocation, within configured time and frequency resource(s) which is (are) used for PDSCH transmission, PDSCH is rate-matched around the DCI scheduling PDSCH transmission.
Figure 2 illustrates one example of dynamic resource sharing of DL control and data channel for slot based transmission. In the examples, a bitmap in the DCI is assumed, which indicates a subset of configured time and frequency resources can be used for scheduled PDSCH transmission. Further, in-resource allocation is employed where PDSCH is rate-matched around the DCI scheduling PDSCH transmission. 
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Figure 2. Examples of dynamic resource sharing of DL control and data channel
Note that for dynamic resource sharing of DL control and data channel, minimum frequency domain scheduling granularity of DL data transmission should be based on PRB or RBG level. In other words, RE-level rate matching around DL control channel resources is not supported similar to the LTE EPDCCH design.
Proposal 2
· For dynamic resource sharing between DL control and data transmission in the frequency domain for slot based transmission,
· a set of time and frequency resources can be configured by higher layers

· A field in DCI scheduling PDSCH transmission is used to indicate which configured time and frequency resource(s) is (are) used for PDSCH transmission

· Within configured time and frequency resource(s) which is (are) used for PDSCH transmission, PDSCH is rate-matched around the DCI scheduling PDSCH transmission.
As shown in Figure 3, in case of cross numerology scheduling where different numerologies are employed for the transmission of DL control and associated data channel, careful investigation is needed for dynamic resource sharing of DL control and data channel taking into account UE capability on whether FDM based multiplexing of multiple numerologies within a same symbol is supported.  
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Figure 3. Dynamic resource sharing of DL control and data channel in case of cross-numerology scheduling
In case when UE does not support FDM of different numerologies simultaneously, certain mechanisms need to be defined for dynamic resource sharing between DL control and data channel. One straightforward approach is to always adopt TDM based multiplexing of DL control and data channel in case of cross-numerology scheduling. This option, however, may not be beneficial in term of spectrum efficiency loss, especially for wider bandwidth operation. 
To improve spectrum efficiency, same numerology can be employed for the transmission of DL control and data channel within the symbols where DL control channel is transmitted. In this case, UE needs to switch numerology for DL data reception in different symbols, which may not introduce significant implementation complexity. Based on the discussions and observations above, dynamic resource sharing between DL control and data in case of cross-numerology scheduling needs to be carefully studied with the considerations of UE capability and spectrum efficiency.
Proposal 3
· Dynamic resource sharing between DL control and data in case of cross-numerology scheduling needs to be carefully studied with the considerations of UE capability and spectrum efficiency.

3 Dynamic resource sharing between DL control and data channel for non-slot based transmission
As agreed in the RAN1#88bis meeting [3], data transmission can have minimum duration of 1 symbol and can start at any OFDM symbol. Further, UE can be configured to monitor DL control channel per 1 symbol with respect to the numerology of the DL control channel. As illustrated in Figure 4, UE can be configured with slot level or symbol level CORESET with certain offset/periodicity in one slot for DL control channel monitoring occasions, which may depend on UE capability or service type, e.g., the support of eMBB and URLLC application. 
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Figure 4. Slot level and symbol level CORESET
For non-slot based transmission, same symbol or cross symbol scheduling can be considered. In the former case, given that PDCCH and PDSCH are transmitted in the same symbol(s), low latency on the data transmission can be achieved, which may be targeted for URLLC application. For this option, PDCCH and PDSCH can be multiplexed in a FDM manner. 
To enable dynamic resource sharing of PDCCH and PDSCH in non-slot level based scheduling, it is more desirable to allow PDSCH to be rate matched around the actually transmitted PDCCH, which is more critical for URLLC application due to high reliability requirement. Similar to the signaling mechanism for slot based scheduling, a field in the DCI can be used to indicate the resource allocated for data transmission. 
Proposal 4
· For dynamic resource sharing between DL control and data transmission in the frequency domain for non-slot based transmission, DL data channel is rate matched the resources actually used for transmission of the DL control channel. 

Note that depending on transmission duration of PDCCH and corresponding PDSCH, DM-RS position may be different. Further, shared DM-RS for control and data channel may need to be considered to allow efficient multiplexing of PDCCH and PDSCH. Figure 5 illustrates examples of shared DM-RS for PDCCH and PDSCH when PDSCH spans one and two symbols, respectively. In the figures, dedicated DM-RS is used for PDSCH transmission, while shared DM-RS is used for both PDSCH and PDCCH in the resources allocated for PDCCH. 
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Figure 5. Shared DM-RS for PDCCH and PDSCH
Proposal 5
· Shared DM-RS for control and data channel can be considered for symbol based transmission. 

4 Conclusions

In this contribution, we shared our view on dynamic resource sharing between DL control and data channel in NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1

· The starting position of downlink data in a slot can be dynamically indicated in a UE-specific DCI. 

Proposal 2
· For dynamic resource sharing between DL control and data transmission in the frequency domain for slot based transmission,
· a set of time and frequency resources can be configured by higher layers

· A field in DCI scheduling PDSCH transmission is used to indicate which configured time and frequency resource(s) is (are) used for PDSCH transmission

· Within configured time and frequency resource(s) which is (are) used for PDSCH transmission, PDSCH is rate-matched around the DCI scheduling PDSCH transmission.
Proposal 3
· Dynamic resource sharing between DL control and data in case of cross-numerology scheduling needs to be carefully studied with the considerations of UE capability and spectrum efficiency.

Proposal 4
· For dynamic resource sharing between DL control and data transmission in the frequency domain for non-slot based transmission, DL data channel is rate matched the resources actually used for transmission of the DL control channel. 

Proposal 5
· Shared DM-RS for control and data channel can be considered for symbol based transmission. 
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