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1 Introduction

At the last RAN1 #87 meeting, some progress towards the Physical Downlink Control Channel Design for NR was made:
	
Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information

· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling

· Other solution is not precluded

Agreements:
· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set

· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

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:
· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)





In this contribution, we provide our views on some of the remaining open issues in the above agreements. 
2 Physical Downlink Control Channel Design for NR
Per the agreement from last meeting, a control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information. From that definition, the time domain span of a control resource set is still open. For single stage DCI, we don’t currently see a need to transmit one DCI message in more than one control resource set. The detailed design of a multi-stage DCI is still under discussion and our views are presented in [1]. For multi-stage DCI, whether the entire DCI is transmitted in one or multiple control resource sets will depend on the time domain span of a single control resource set as well as the detailed multi-stage DCI design. For example, multi-stage DCI could be transmitted in the same frequency resources on different OFDM symbols. Until details of the multi-stage DCI design have progressed, we thus propose to confirm the working assumption that one DCI message is located within one control resource set at least for single stage DCI.
Proposal 1: Confirm the working assumption that one DCI message is located within one control resource set (at least for single stage DCI)

The first agreement on NR PDCCH from last meeting reads that the time/freq. resources containing at least one search space can be obtained from MIB/system information, can be implicitly derived from initial access information or can be configured using dedicated RRC signaling. In our view, these time/freq. resources are what was later termed the control resource set. In our view, implicitly deriving the control resource set from initial access information does not represent a flexible and forward-compatible design. Rather it reminds of the LTE Rel. 8 design. Implicitly tying information the, e.g., the physical cell ID or other cell-specific parameters in our view contradicts the overall design paradigm of NR. We thus propose that the control resource set is either configured by MIB/SIB or by RRC.
Proposal 2: The control resource set is either configured by MIB/SIB or by RRC.
At the last RAN1 meeting, it was agreed that NR should support dynamic reuse of at least part of the resources in the control resource sets for data for the same or a different UE at least in the frequency domain. In our view, it is not clear how resources can be reused in the frequency domain without reusing them in the tie domain. For example, let the resources depicted in Figure 1 represent one control resource set in the frequency domain. Then the PDSCH of UE #1 reuses parts of the resources in the control resource sets for data in the frequency domain with respect to the frequency-domain allocation of the PDCCH of UE #1 and UE #2. At the same time, parts of the resources in the control resource sets are also reused in the time domain as the time domain span part of the control resource set in this example is one OFDM symbol whereas the PDSCH of UE #1 starts on the first OFDM symbol. Hence, the restriction of “at least in the frequency domain” in the agreement makes no technical sense and should thus be removed. It should be possible to reuse parts of the resources in the control resource sets for data without restriction through proper scheduling and rate matching. This dynamic reuse, however, should not impact the location of the data DMRS.
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Figure 1: Dynamic reuse of at least part of the resources in the control resource sets for data for the same or a different UE
Proposal 3: NR should support dynamic reuse of at least part of the resources in the control resource sets for data for the same or a different UE
Proposal 4: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

In the time domain, the DCI could either signal the PDSCH starting symbol explicitly or, alternatively, a one-bit indication could be used to signal whether the PDSCH starts on symbol zero, possibly with appropriate rate matching around resources actually used for transmission of PDCCH, or after the control resource set similar to LTE Rel. 8 where the CFI, i.e., the time domain span of the control region indicates the PDSCH starting symbol. Whereas the former provides more flexibility at the expense of larger DCI overhead (2 bits are needed in LTE Rel. 11 for the PQI to signal starting symbols {0,1,2,3} the latter solution may provide enough flexibility, for instance when only a single user is served in a narrow beam and this user does not require the entire transmission bandwidth for robust PDCCH reception. 
Proposal 5: The time granularity of the resource reuse is FFS between OFDM symbol granularity or binary between OFDM starting symbol and OFDM symbol #0

In the frequency domain, two mechanisms can be considered in a in a similar fashion. For the case where the DCI signals a PDSCH starting symbol equal to or less than the control resource set span in the time domain, the PDSCH could either be rate matched around the reserved resources for PDCCH (viz. the control resource set) or around the resources actually used for transmission of the PDCCH. Of course, a given UE would only know the resources of its own PDCCH reception and could not take into account other UE’s PDCCH transmissions in the rate matching. Whether one is better than the other depends to some degree on the eNB scheduler. If the PDSCH only overlaps with the associated PDCCH (in-resource allocation, depicted in Figure 2), the latter solution provides maximum spectral efficiency whereas rate matching around reserved resources allows more scheduler flexibility, see, e.g., the rate matching of the PDSCH of user #2 in Figure 1. Either way the minimum frequency domain scheduling granularity of PDSCH in NR, for instance PRB-level, should be reused in either case, i.e., RE-level rate matching around PDCCH resources is not required similar to the LTE EPDCCH design. 
Proposal 6: The frequency granularity of the resource reuse is FFS between minimum frequency domain scheduling granularity of PDSCH and rate matching around control resource set in frequency domain
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Figure 2: In-resource allocation of PDCCH and PDSCH
At the last RAN1 #87 meeting it was agreed that when the control resource set spans multiple OFDM symbols, NR supports a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol. In our view, this should even hold on the CCE level, i.e., NR should support two modes where a NR-CCE can be mapped in frequency-domain only or in both frequency and time-domain as illustrated in Figure 3.
Proposal 7: A NR-CCE can be mapped in frequency-domain only or in both frequency and time-domain
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Figure 3: A NR-CCE can be mapped in frequency-domain only or in both frequency and time-domain
Lastly, it was agreed that the gNB can inform the UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set but it was left open whether the signaling would be implicit or explicit. In our view, this should be possible by RRC signaling. 
Proposal 8: The gNB can inform a UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set by RRC signaling
3 Conclusion

In this contribution, we provided our views on some of the remaining open issues in past agreements to progress towards the Physical Downlink Control Channel Design for NR. The following proposals are made: 
Proposal 1: Confirm the working assumption that one DCI message is located within one control resource set (at least for single stage DCI)

Proposal 2: The time domain span of a control resource set is either configured by MIB/SIB or by RRC

Proposal 3: 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

Proposal 4: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

Proposal 5: The time granularity of the resource reuse is FFS between OFDM symbol granularity or binary between OFDM starting symbol and OFDM symbol #0

Proposal 6: The frequency granularity of the resource reuse is FFS between minimum frequency domain scheduling granularity of PDSCH and rate matching around control resource set in frequency domain

Proposal 7: A NR-CCE can be mapped in frequency-domain only or in both frequency and time-domain

Proposal 8: The gNB can inform a UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set by RRC signaling
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