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Following agreements were made in previous RAN1 meetings:
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[1]
Agreements:
· 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 [2]
Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following are configured.
· Frequency-domain resources, which may or may not be contiguous
· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency
· FFS: exact size and number of contiguous parts for a CORESET
· Starting OFDM symbol
· Time duration
· REG bundle size if the configuration is explicit
· Transmission type (i.e., interleaved or non-interleaved)
· More parameters may be added if agreed
· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.
· Monitoring periodicity
· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates
· FFS: relation with DRX and default/fallback value [3]
Discussion on control region reuse for NR-PDSCH
According to agreements, control region resources can be reused for data at least partially. In this contribution three different options are presented for resource sharing between NR-PDCCH and NR-PDSCH: 1) frequency domain resource sharing excluding the CORESET resources, 2) both frequency and time domain resource sharing excluding the CORESET resources and 3) both frequency and time domain resource sharing including the CORESET resources.
First option, frequency domain resource sharing excluding the CORESET resources, means that control region is reused for NR-PDSCH only on the frequencies that are not configured for CORESETs. It is also assumed that data region starts for all the allocated NR-PDSCH RBGs from the same OFDM-symbol within the whole BWP. The control region ending OFDM- symbol is determined by the biggest CORESET size in time. Resource sharing for NR-PDSCH starts always from the first OFDM-symbol in control region.
Figure 1 presents two examples for previously described resource sharing: left side resource allocation describes contiguous CORESET allocation and right side noncontiguous resource allocation. In both cases it is assumed that there is four UEs and only one CORESET configured for each of them.
It was agreed in RAN1 ADHOC#2 that UE-specific higher layer signaling configures frequency domain resources for UEs. Also CORESET starting symbol, CORESET duration in time, NR-REG bundle size and transmission type are provided.
One solution for utilizing unused resources between CORESETs is that UE assumes that NR-PDSCH is always allocated to frequency aligned NR-PDSCH resources when any of the CORESETs does not reserve it. However, there can exist multiple CORESETs in control region – most obviously either non-overlapping, partially overlapping or totally overlapping. In this case UE has to have CORESET frequency allocations for all of the UEs in order to derive unallocated frequency resources.
Another solution is that higher layer signaling transmits separate system information, which tells free PRBs in BWP. In both solutions higher layer signaling has to be retransmitted, when any of the CORESETs for any of the UE groups is reconfigured.
Third solution is to signal separately reuse occasion e.g. for each PRB or RBG, in which case CORESET definitions for other UEs are not needed. In this case, the amount of signaling will easily increase when RBG size decreases or if discontinuous CORESETs are allocated (Figure 1 b) ).
If also time dimension is utilized, NR-PDSCH starting symbol could also vary according the last symbol in CORESETs. That means in the simplest case that PDSCH starts from the first symbol in a PRB outside of the CORESETs and from next symbol after CORESETs in PRBs allocated for NR-PDCCH (Figure 2). From signaling point of view these correspond the complexity of control region reuse in frequency domain only when first solution is used. If separate system information or reuse occasion is sent, starting symbol for NR-PDSCH has to be added also.
Observation: When frequency domain resource sharing is used, reusable resources for NR-PDSCH can be transmitted using higher layer signaling and must be retransmitted every time any of the CORESET configurations change in BWP.
When resource sharing is be taken even further, also unallocated resources inside CORESETs could be reused for NR-PDCCH. Minimum resource for NR-PDCCH inside CORESET is NR-CCE i.e. control channel element. For resource sharing point of view, minimum reusable resource is NR-REG bundle, since frequency-domain resources can be noncontiguous with that NR-REG bundle resolution. NR-REG bundle size will vary according to a configuration. It was agreed in RAN1 ADHOC #2 that NR-REG bundling sizes 2 and 6 are supported for one OFDM symbol CORESET, NR-REG bundling sizes 2 and 6 for two OFDM symbol CORESET and NR-REG bundling sizes 3 and 6 for three OFDM symbol CORESET. 
Figure 3 describes an example where two NR-PRB bundles are reused for one of the UEs NR-PDSCH in the CORESET. After blind decoding all of the UEs know which NR-PDCCH were allocated for them. In order to utilize possible unused resources, one UE must know also the resources allocated for the other UEs in the CORESET i.e. there must be signaling, in which gNodeB informs about free NR-CCEs. Same applies also to other CORESETs in BWP.
From signaling point of view this is also the most complex case. The positions and number of NR-PDCCH candidates will vary from slot to slot i.e. signaling has to be transmitted in every scheduling occasion.
Observation: When both frequency and time domain resource sharing including CORESET resources are used, NR-PDCCH resource sharing has to be real time i.e. sent in every NR-PDSCH scheduling occasion.
Proposal: Frequency and time domain resource sharing including CORESET resources is not supported in NR.
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a)     							b)
[bookmark: _Ref489963190]Figure 1 Control region reuse for NR-PDSCH in frequency domain only
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a) 	                            b)
[bookmark: _Ref489969133]Figure 2 Control region reuse for NR-PDSCH in frequency/time domain
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[bookmark: _Ref490039552]Figure 3 Control region reuse for NR-PDCCH in time/frequency domain with possibility to reuse also resources inside the CORESETs.
 
Conclusions
In this paper, following observations and proposal were presented:
Observation: When frequency domain resource sharing is used, reusable resources for NR-PDSCH can be transmitted using higher layer signaling and must be retransmitted every time any of the CORESET configurations change in BWP.
Observation: When both frequency and time domain resource sharing including CORESET resources are used, NR-PDCCH resource sharing has to be real time i.e. sent in every NR-PDSCH scheduling occasion.
Proposal: Frequency and time domain resource sharing including CORESET resources is not supported in NR.
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