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1   Introduction
In RAN1#87 and earlier meetings, DL control channel related aspects for NR were discussed. In this document we discuss some aspects of DL control channel design for NR. In section 2.1 and 2.2 we discuss aspects related to control resource sets and mapping of CCEs. In section 2.3 we provide our views on additional broadcast signalling.
2   Discussion

2.1 Control Resource Set
In RAN1#87, the following agreements were made for control resource sets

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

As per the agreements, the UE can be configured with multiple control resource sets, with each control resource set corresponding to a set of PRBs in frequency domain. While it has not been explicitly mentioned in the agreements, our understanding is that control resource sets can be constructed using potentially overlapping PRBs. 

Also, as per the agreements, it should be possible to reuse frequency resources of control resource sets for data. In LTE the PDSCH for a UE is rate matched around REs used for the UE’s EPDCCH DL assignment and the eNB has the flexibility to schedule PDSCH on any unused RBs of the EPDCCH-PRB-set configured to the UE. Similar mechanism should be supported for NR control resource sets. 
It should be possible to configure control resource sets in a UE specific manner. The number of OFDM symbols corresponding to each control resource set should be a semi static configuration for the UE. While the UE is generally expected to be configured with same number of OFDM symbols for each control resource set, the signalling flexibility is useful if the numerology used for different sets is not the same. 

Proposal 1: It should be possible to configure control resource sets in a UE specific manner. 

Proposal 2: The number of OFDM symbols corresponding to each control resource set should be a semi static configuration and be independently configured for the UE

2.2 Mapping of control channel candidates

In RAN1#87, the following agreement was made on mapping of control channel candidates within a control resource set.
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)

As per the agreement, mapping of control channel candidates to multiple OFDM symbols is allowed in NR. Such mapping may be needed e.g., for scenarios where the control resource set bandwidth is not enough to accommodate all the CCEs of a control channel candidate in a single OFDM symbol. Considering the example shown in Figure 1, if CCEs 0-7 correspond to a control channel candidate spanning two symbols, two options for CCE mapping can be considered. Option 1 is similar to LTE PDCCH mapping where the CCEs themselves are allowed span multiple OFDM symbols.  An alternate option (i.e., Option 2) is to limit individual CCEs to span only within one OFDM symbol and create control channel candidates that span multiple OFDM symbols by aggregating CCEs across multiple symbols. For higher CCE aggregation levels (e.g. 8 in the figure) the there may not be much difference between either options. However, for low CCE aggregation levels, option 2 can allow an extra symbol of processing time for data decoding
. One possible advantage of option 1 is that that it may provide slightly more opportunities for frequency domain reuse of control resource set resources, as individual CCEs span fewer PRBs in frequency domain for option 1 compared to option 2. 
Considering above aspects, our preference is option 2 as the extra processing time at the UE side is a bigger advantage.  
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Figure 1 – Options for mapping CCEs
Proposal 3: REs corresponding to a CCE are restricted within one OFDM symbol, even when the control resource set spans multiple OFDM symbols.
2.3 Additional broadcast signalling

In RAN1#87, L1 broadcast signalling was discussed for several potential indications including indication of slot structure, reserved resources, time span of control resource sets, information related to aperiodic CSI-RS transmission, etc.
Two possible types of transmission were considered for such signalling. One type is a relatively low overhead “PCFICH like” signalling used for transmission of a very small number (e.g. 4) of bits of information. Another type is comparatively larger overhead “CC-RNTI like” signalling used for transmission of 25-30 bits. 

It was also considered whether such signalling should be targeted towards only “scheduled UEs” in a particular slot (or a set of slots), or whether it should be targeted to assist “non-scheduled UEs” e.g. for CSI measurements. For the case where the signalling is targeted only for scheduled UEs, transmission of such signalling can be limited to the slots (or adjacent slots) in which the UEs are scheduled. However, if the signalling is targeted for both scheduled and non-scheduled UEs, more frequent transmissions are needed for the signalling. 
In our view, the motivation for providing such signalling for non-scheduled UEs (e.g. for CSI measurements) is not clear (especially for licensed spectrum operation). For other use cases relevant for scheduled UEs (e.g. indication of DL/UL resources for dynamic TDD), further study is required to determine the need for such signalling and the study should consider trade-offs between overhead/reliability and scheduling flexibility. 

3   Conclusions

We propose the following
Proposal 1: It should be possible to configure control resource sets in a UE specific manner. 

Proposal 2: The number of OFDM symbols corresponding to each control resource set should be a semi static configuration and be independently configured for the UE.
Proposal 3: REs corresponding to a CCE are restricted within one OFDM symbol, even when the control resource set spans multiple OFDM symbols.
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� The processing time for data decoding is reduced if the control uses higher aggregation level and is forced to span multiple symbols, but this may not be critical as for that case, the UE is expected to be in relatively poor channel condition and is unlikely to be scheduled with higher order modulation or for high rank MIMO.
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