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1. Introduction
Some basic details of the DL control channel were agreed at the RAN1#86bis meeting. Specifically, it was agreed that [1]
Agreements:
· 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

· NR supports at least same-slot and cross-slot scheduling for DL.
· Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.
· NR should support at least the following.
· In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel

· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
· FFS: whether a PRB or a multiple PRBs is the resource unit size
· FFS: If multiple PRBs is the resource unit size, the multiple PRBs are contiguous
· FFS: whether the resource unit size for a DL control channel is called as NR-REG or not
· NR should support at least the following
· A DL control channel can be mapped on one or more NR-CCEs
· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot

· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs

· FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.

This paper discusses the DL control channel search space of 5G NR air interface to satisfy diverse service requirements in all deployment scenarios.  
2. Discussion
In LTE, the PDCCH capacity is constrained by the allocated DL control region and resource allocation for PHICH and PCFICH. The PDCCH region is further partitioned into a common search space (CSS) and a UE-specific search space (USS), where the UE monitors for common or dedicated DCI respectively. The number of blind decodes performed by a UE depends on the number of PDCCH candidates in the CSS and USS, as well as the number of DCI formats the UE has to monitor. A more flexible and efficient design is envisioned for NR considering the frame structure, multiple numerologies, traffic characteristics and forward compatibility. 
2.1 Search space for DL grant and UL grant
As discussed at the RAN1#86bis meeting, DL control signaling can be mapped to a preconfigured region of a slot or mini-slot. For instance, DL control channels for all UEs may be located at the beginning of a slot or mini-slot to enable fast data processing and turnaround time for HARQ-ACK feedback. A UE searches for UL/DL grants from one or more candidates associated with its DL control region. The UE may monitor for DCI associated with a network ID within a configured control subband.  The mechanism of how to indicate the control subband is discussed in a separate contribution [2]. The UE ID or RNTI can be used as the identifier to confirm whether a detected DCI belongs to the UE or not especially when search spaces overlap. Alternatively, a single DCI can be used to schedule a group of UEs in a slot or mini-slot. 
An UL grant is used to schedule UL data transmission in a slot. A pre-configured DL control region containing possible UL grants may be selected to guarantee that the UE has enough time to process the UL grant before UL transmission. For example, the DL control region for scheduling UL grants may be located at the beginning of the slot as shown in Figure 1. Furthermore, the timing and duration of the UL transmission may be indicated in the UL grant. 
A lesson learned from LTE system is that the number of PDCCH formats, candidates and RNTIs to descramble is a considerable burden on UE processing power and battery life. In addition a more efficient resource allocation scheme is desirable especially when much of the DCI content is common to two or more UEs. As one possible solution, a group of UEs could search for control channels within the same search space of a slot or mini-slot. For example, the search space may be located at a configured position on the first OFDM symbol of a slot or mini-slot. All the UEs monitor and decode detected DCIs within the same search space. A UE ID field in the DCI payload indicates the recipient UE. 
The resource allocation in time and frequency for the data transmission provides an indicator of the next DL control region. The scheduling information contained in the DL grant can allocate resource for the data transmission in several mini-slots or slots. The data transmission length implicitly indicates the timing of the next DL control region. When there is no data transmission in the slot, a DCI should also be transmitted in the DL control region, e.g. in the first DL control region to inform all UEs that no DL control channel exists in this slot. An illustration of the procedure is shown in Figure 1. Figure 1(a) shows the actual DL control region and data region, while Figure 1(b) illustrates the associated search space candidates in the slot or mini-slot.
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Figure1: DL control channel located at the header of each packet
In LTE, a DCI format has different control channel candidates in the search space associated with an aggregation level. The aggregation level is used for link adaptation on the DL control channel in order guarantee a target performance under different channel conditions. In NR, as the DCI format and NR-CCE design are still open issues, how to perform link adaptation is for further study. 

The other essential issue is the control channel capacity. One important factor impacting the control channel capacity is the blocking probability, which increases with the system load. The maximum blocking probability should be studied carefully with respect to different offered loads.
In NR system, common control signaling is required either over the whole cell (broadcast) or for a group of UEs (multicast). A common DL control channel may be necessary and is discussed in [3] in detail.
Proposal 1: The RNTI or UEID could be used as a field in a common DCI to indicate the target UE.
Proposal 2: Subsequent DL control regions could be flexibly signaled by decoding a current DL control channel.
Proposal 3: The control channel blocking probability should be carefully studied with respect to system load.
2.2 Reduction of decoding attempts
As discussed at the RAN1#86 meeting, the following issue should be further considered:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant
In LTE, DRX is a mechanism that enables battery savings in a UE, wherein the UE only monitors the DL control channel during the sleep active time of the DRX cycle.  Most of blind decoding results are invalid for the UE.  Solutions to further reduce invalid search effort during DRX Active period are desirable. For instance a UE can be configured by the network to monitor DL control channel with a certain periodicity rather than every slot. For example, the periodicity could be set to N slots. This periodicity can be configured based on the service type, e.g. the mMTC service can have a long time interval for DL control monitoring while URLLC service should have a much shorter one.  In addition, UE could be configured with long time interval for heavy traffic load and short time interval for low traffic load..
Proposal 4: For power savings, a UE may be configured to monitor for the DL control channel on a different time scale, but complementary to DRX mechanism
Conclusion
This paper provides some considerations on the NR DL control channel search space. Some proposals for consideration include:
· Proposal 1: The RNTI or UEID could be used as a field in a common DCI to indicate the target UE.
· Proposal 2: Subsequent DL control regions could be flexibly signaled by decoding a current DL control channel.
· Proposal 3: The control channel blocking probability should be carefully studied with respect to system load. 
· Proposal 4: For power savings, a UE may be configured to monitor for the DL control channel on a different time scale, but complementary to DRX mechanism.  
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