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Introduction
Common DL control signaling may encompass all non-dedicated control information required by a UE in a serving cell. In contrast to LTE, NR is currently discussing several common control channels including one or more unscheduled broadcast (NR-PBCH) channels, a paging mechanism, DL control channel (NR-PDCCH) and a different L1 broadcast channel (currently called a group-common PDCCH). 
A number of agreements were made at the previous RAN1 regular and NR ad-hoc meetings to progress the DL control signaling framework including the support of a group-common PDCCH. This contribution discusses several outstanding details that we believe are required to finalize the NR study item phase. In particular we look into how several previous agreements could shape further discussion on common control signaling conveyed on the NR-PDCCH. We also discuss the structure and contents of the group-common PDCCH. 
Common control signaling via NR-PDCCH
Similarly to LTE, the NR-PDCCH may be used to deliver cell-wide (or beam-wide) common control information such as on-demand system information (SI), group power control commands and perhaps paging (depending on the final design of a paging delivery mechanism). The relevant agreements governing further design include:
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
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· FFS: From gNB perspective, DL control signalling can be located over the slot and/or mini-slot
· A UE monitors for downlink control information in one or more “control subband”
· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)
· FFS: One DCI message is transmitted within one control subband.
· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit) 
· FFS if a “control subband” is non-contiguous and/or contiguous in the frequency domain. 
· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain
· FFS: multiplexing of multiple control channels in a subband
· 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

It should be noted that DL control signaling for scheduling some SI should be transmitted in a common search space that is known to the UE at initial access. Then taking the agreements on the control resource set framework into account we have the following observations:

Observations:
· A first control resource set (CORESET) is obtained at initial access either through the MIB or some other unscheduled SI.
· This first CORESET should at least contain a common search space (CSS) if some SIBs are scheduled, (i.e. not all SIBs are provided by an NR-PBCH)
· Per the agreement above, configuration of additional CORESET(s) is by dedicated RRC signaling. Scheduling of such RRC signaling would have to be in a UE-specific search space (UESS) in the first CORESET since it constitutes the only set of control resources known to a UE at completion of the DL initial access procedure.

Some consequences of these observations are treated in a separate contribution discussing the DL control channel structure [1].
Structure and contents of the group-common PDCCH
Several contributions (e.g. [2]) discussed benefits of introducing an L1 broadcast channel for at least signaling the slot structure. It was agreed at the NR ad-hoc meeting to support a group common PDCCH that at least provides slot format related information. For completeness we list the relevant agreements from [3]
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.
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings
· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings
· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot
· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not
· ‘Slot format related information’
· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc
· FFS: ‘Control resource set duration’
· FFS: Indicates the duration of the control resource set(s) 
· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.

A first implication of these set of agreements is that the network may choose not to configure UEs to monitor this channel. Whilst this is up to network implementation, we believe that transmitting slot format information on this channel is beneficial for critical deployment scenarios. For instance, supporting an NR carrier in some LTE TDD bands may require that the NR cell follow coexistence guidelines when it comes to transmission directions. In addition the slot format may also facilitate accurate channel and interference measurements in a dynamic TDD system.  Given these benefits of indicating the slot format, it is preferable that a UE is configured to periodically monitor for the group-common channel. It is still up to the network when to actually transmit the channel but a periodic configuration, possibly with a long duty cycle, may reduce device power consumption in attempting to decode a channel that could not have been transmitted.

Proposal: a UE is configured to periodically monitor for group-common control channel conveying slot format related information. 

A second outstanding issue is the UE behavior when the group-common channel is not transmitted in a slot. NR supports DL, UL and bi-directional slot structures at least for unpaired spectrum. Therefore, it should be clear that the group-common control channel can only be transmitted in slots with a DL region. A simple unified solution is that the slot format related information at least indicates the slot structure for the same slot in which it was received. In addition information may also indicate slot structures for future slots. The UE may follow the slot structure(s) indicated by the slot format except instructed otherwise by a DCI scheduling DL or UL data. For purposes of channel and interference measurements it would be beneficial if the UE may assume that a previously received slot structure is valid until the next group-common PDCCH is received.

Observation: it may be beneficial in some cases if a UE may assume that slot format related information received in a group-common control channel is valid until the next instance of the group-common channel is received.

Although it was agreed that detection of the group-common control channel is not a prerequisite to detect an NR-PDCCH, its detection may facilitate other important benefits gleaned from knowledge of the slot format. Therefore, the reliability of this channel should be based on the LTE PCFICH as a starting point. Towards this goal, the payload size should also be as small as possible given a target coding rate. As a PRB is the resource unit size for the control channel, the group-common channel should be mapped to an integer number of PRBs in the first symbol of the slot. Since the slot format information may be valid for the same slot in which the group common channel is received, it is best to enable early decoding by mapping to the first symbol of the slot. 

Other contents of the group-common control channel 
An outstanding issue is the necessity of dynamically signaling the actual duration of the CORESET in a group common control channel. This indication may potentially reduce the average number of blind decodes performed by a UE in the same slot containing this channel. The proposed savings in terms of UE power consumption are unclear and warrant further investigation. 

Firstly, the reduction in average decoding effort is highly dependent on the search space design and the CCE-to-REG mapping. Note that RAN1 has not agreed on the CCE-to-REG mapping between the following options: frequency-first, time-first or network configurable. An illustration is shown in Figure 2 for a CORESET allocation of 100 PRBs per symbol, a semi-statically configured duration of 2 OFDM symbols and an NR-CCE made up of 4 REGs. Assuming no other channels/signals are mapped to the CORESET region, this gives a maximum NR-PDCCH capacity of 50 NR-CCEs (25 per OFDM symbol). For time-first mapping as shown in Figure 2(a), the CORESET duration is always fixed as provided in the initial CORESET configuration and dynamic signaling is not needed. On the other hand, for frequency-first mapping as shown in Figure 2(b), dynamically indicating the actual duration of the CORESET may allow a UE to skip some blind decodes at least in a UESS.

Regarding search space design the greatest benefits for dynamically signaling the duration occurs if the candidates are equally distributed (i.e. load balancing) across all OFDM symbols. Then for low traffic loads blind decodes may be skipped for unused candidates in the last symbol(s). However this is also dependent on the search space design and what kind of time-domain randomization is applied across slots.



[bookmark: _Ref473753263]Figure 2 CCE-to-REG mapping options in a CORESET (a) Time-first and (b) Frequency-first

Observation: the potential reduction in average number of blind decodes by dynamically signaling the duration of a CORESET is highly dependent on the search-space design and the CCE-to-REG mapping.


Other issues with signaling the CORESET duration in the group-common PDCCH include:
1) Since by definition the group common PDCCH is common to a subset of UEs in a cell, the CORESET duration could at least apply to the first CORESET obtained at initial access. As a UE may be configured with additional CORESETs it is not clear whether the duration of these additional CORESETs is indicated by the same information element in the group-common channel. If not the benefits are questionable.
2) For mini-slot-based data transmission, the gNB may configure mini-slot-specific CORESETs. Based on the preceding discussion, the applicability of a CORESET duration information element in a group-common PDCCH to mini-slot-based control resources is questionable. A simpler solution is that a UE monitors for control channel candidates in a mini-slot-based CORESET based on the semi-statically configured number of OFDM symbols.
3) In contrast to signaling slot format information, which may be assumed to be valid for a multi-slot duration, dynamic indication of the CORESET duration is only valid for the current slot. Therefore, if the transmission of this channel is aperiodic or periodic with a long duty cycle, the actual savings in UE power consumption may be negligible. 


Proposal: progress the search space design and CCE-to-REG mapping before deciding on whether to indicate the duration of a CORESET in the group-common control channel.
 
Conclusion
This contribution discussed some outstanding details of common control signaling including usage and contents of the so-called group-common control channel. In summary,
· Observation: the potential reduction in average number of blind decodes by dynamically signaling the duration of a CORESET is highly dependent on the search-space and CCE-to-REG mapping design.
· Proposal: a UE is configured to periodically monitor for group-common control channel conveying slot format related information.
· Observation: it may be beneficial in some cases if a UE may assume that slot format related information received in a group-common control channel is valid until the next instance of the group-common channel is received.
· Proposal: progress the search space design and CCE-to-REG mapping before deciding on whether to indicate the duration of a CORESET in the group-common control channel.
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