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1
Introduction
For the DL control design in NR, the following has been agreed regarding the dynamic reuse of DL control resources in RAN1#87.

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
It was further agreed in RAN1 NR ad hoc meeting in January 2017 that:

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
Regarding the group-common PDCCH, it was agreed that:

Agreements:
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 

· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.

· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not

· Common does not necessarily imply common per cell.

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
In this contribution, we discuss and propopose a mechanisms that can be used to achieve dynamic reuse and the general issues related to the resource sharing between PDCCH and PDSCH.
2
Dynamic resource reuse 
The DL control region from the gNB point of view can span one or more OFDM symbols, occupying some PRBs in frequency. Each UE is configured with one or more control resource sets within the DL control region.
2.1
Dynamic resource reuse in time domain
In time domain, the dynamic resource reuse means the dynamic starting position of PDSCH transmission on the OFDM symbol level. This is largely addressed by the agreements in the January ad hoc meeting that allows the starting position to be explicitly and dynamically indicated to the UE. The main open issue is whether this is signalled in UE-specific DCI or a group-common PDCCH.

If the indication is carried in a group-common PDCCH, it could be used to carry the slot structure and/or the number of DL control symbols for all the UEs or a group of UEs.
· The drawback would be that a UE needs to decode both the broadcast control channel and the UE-specific DCI correctly in order to successfully decode PDSCH. This scheduling dependency would put more stringent requirement on the decoding probability of the broadcast control channel. In this sense, it is preferable (especially for URLLC traffic) that the UE may receive PDSCH without decoding the broadcast control channel.

· Further, it was generally agreed that a group-common PDCCH does not have to be always transmitted, and the UE should be able to operate properly without a group-common PDCCH. 

· Finally, the decoding of group-common would introduce an additional delay increasing the processing time at the UE.
If the indication is carried in the UE-specific DCI, i.e., the DCI scheduling the PDSCH, it allows different starting OFDM symbol for each PDSCH transmission, which provides an additional flexibility benefit compared to signalling in group-common PDCCH. Figure 1 provides an example that shows the benefit of having the indication in UE-specific DCI. In this example, the PDSCH starting symbols for UE1 and UE2 can be signalled as OFDM symbol 2 and OFDM symbol 1, respectively. Compared to the case where a common signal is sent for UE1 and UE2 (i.e. the PDSCH starting symbol would be OFDM symbol 2 for both UE1 and UE2), this allows more resources to be reused for UE2’s PDSCH.
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Figure 1 Example of using UE-specific DCI to signal the starting symbol
Considering this flexibility with UE-specific DCI and the drawback associated with group-common DCI, it is proposed that:

Proposal 1: The starting OFDM symbol of a PDSCH transmission in a slot can be explicitly and dynamically indicated to the UE in the UE-specific DCI.

Of course, NR should also allow the starting OFDM symbol of PDSCH transmission to be semi-statically configured, in order to save the DCI overhead when appropriate.

Proposal 2: The starting OFDM symbol of a PDSCH transmission in a slot can be semi-statically configured for each UE.

2.2
Dynamic resource reuse of CORESETs
In NR, a UE will be configured with one or more CORESETSs which will contain UE’s search-space(s). And, different UEs may be configured with and monitor different CORESETs. For example, one UE monitors an interleaved CORESET, an other UE monitors a non-interleaved CORESET and the third UE is operating only on narrow BWP and monitors again a different CORESET. Not all of the possible CORESETs (regardless if it is UE’s own or belonging to other UEs) might be used for PDCCH transmission.Therefore, we think that a CORESET is the most straightforward unit to be reused for data. It should be supported to dynamically indicate to a UE which of the possible CORESETs are used for data transmission.
A UE may not be, by default, aware of all CORESETs present within the NW carrier. Therefore, the UE should be configured also with resources belonging to CORESET(s) of other UEs. To enable flexible trade-off between reuse-efficiency and overhead in DCI, an eNB striving for high reuse efficiency would configure multiple small time-frequency resource sets, and eNB minimizing overhead would configure a single large resource set. 
Therefore, we propose to introduce RRC signaling to configure a UE with one or multiple time-frequency resource sets that can be dynamically (in UE’s DCI) signalled as being or being not part of UE’s PDSCH. Furthermore, to achieve the best reuse efficiency of control resource for data, the signaled resource sets should follow the structures of a CORESET.

Proposal 3: Introduce RRC signaling to configure a UE with one or multiple CORESETs that may or may not contain any search space to be monitored by the UE that can be dynamically (in UE’s DCI) signalled as being or being not part of UE’s PDSCH.
It should be noted that a CORESET configured to a UE is a resource set that can be reused for PDSCH. Therefore, A UE is aware of one or more resource sets that can be reused including (i) one or multiple CORESET(s) containing UE’s search spaces and  (ii) additional resource sets that have the same structure as a CORESET (if configured). What remains open are the details of signalling. In addition, it should be further studied how to treat the resources which are part of multiple resource sets that may be reused at the same time. 
Proposal 4:  Introduce dynamic signalling (details FFS) to indicate which configured CORESETs are part of UE’s PDSCH

· FFS how to treat the overlapping resources of configured resource sets
2.3
PDSCH transmission with dynamic reuse of CORESETs

The dynamic signalling proposed in the previous sections can be used to flexibly control the resources over which the PDSCH is transmitted. The PRB allocation, the start symbol and the duration of the PDSCH, all signalled in the DCI, form a PDSCH resource region that can be considered to be either rectangular in shape or is a set of rectangles depending on whether the PRB allocation is contiguous or discontiguous. The resource sets for which dynamic signalling is used to indicate whether they are or are not part of the PDSCH region determine whether any resources within these sets that overlap with the signalled rectangular PDSCH resource region(s) are part of the PDSCH. Only the parts of the resource sets for which an indication to reuse the set is provided can be used for PDSCH.
Proposal 5: 
· The UE can assume that the reused resources shall be within the frequency and time domain spanned by the resources allocated for the PDSCH.
· The UE assumes that resources used for reception of PDCCH scheduling are not reused.
This may be best illustrated using the example shown in Figure 2.
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Figure 2 Example of using UE-specific DCI to signal the starting symbol and PRB allocation and the signaling for dynamic reuse of resource sets to determine resources over which PDSCH is transmitted.
In the example shown in the figure the UE is RRC configured with non-overlapping resource sets #1,2,3,4 and 5. The resource sets 1-3 are CORESETs monitored by the UE and 4-5 are other CORESETs that are additionally configured resource setsthat do not contain any search space monitored by the UE. The resource allocation together with the start symbol (0 in the example) and PDSCH duration (9 in the example) signaled in the DCI message defines a resource region for the PDSCH (shaded in blue), which is in this example contiguos in frequency. The DCI message further indicates which of the resource regions belonging to each of the signalled resource sets that overlap with the PDSCH region indicated are part of the PDSCH. In the example above, the UE’s CORESET (being resource set #1) in which the scheduling DCI is detected is used for the PDSCH with the exception of the resources in which the PDCCH scheduling the PDSCH was received. Resource sets #1-5 are all indicated as being reused for PDSCH except for resource set #3 for which rate matching is done to exclude the corresponding resources.
3
Conclusions
In this contribution we have discussed the issue of resource sharing between PDCCH and PDSCH, and have the following proposals and observations:
Proposal 1: The starting OFDM symbol of a PDSCH transmission in a slot can be explicitly and dynamically indicated to the UE in the UE-specific DCI.

Proposal 2: The starting OFDM symbol of a PDSCH transmission in a slot can be semi-statically configured for each UE.

Proposal 3: Introduce RRC signaling to configure a UE with one or multiple CORESETs that may or may not contain any search space to be monitored by the UE that can be dynamically (in UE’s DCI) signalled as being or being not part of UE’s PDSCH.
Proposal 4:  Introduce dynamic signalling (details FFS) to indicate which configured CORESETs are part of UE’s PDSCH

· FFS how to treat the overlapping resources of configured resource sets
Proposal 5: 
· The UE can assume that the reused resources shall be within the frequency and time domain spanned by the resources allocated for the PDSCH.
· The UE assumes that resources used for reception of PDCCH scheduling are not reused.
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