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1 Introduction
In the RAN1#86 meeting, it was agreed that the impact of UE DL reception energy consumption should be studied, e.g., UE decoding power consumption for DL control blind decoding in lack of grant [1] and some features of DL control channel structure for NR have been agreed at the RAN1#86bis and RAN1#87 meeting as follows [2],[3]
	Agreement: (RAN1#86)
· 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
· e.g., UE decoding power consumption in the slot with the data
· e.g., UE decoding power consumption in the data reception process
· e.g., UE decoding power consumption in the measurement
· e.g., UE decoding power consumption in the SS
· UE power reduction techniques also should be studied 

Agreements: (RAN1#86bis)
· 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
· 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.

Agreements: (RAN1#87)
· 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


In this contribution, we discuss the blind decoding complexity of DL control channel and propose a method to reduce UE decoding power consumption for NR.
2 Discussion on Blind Decoding of DL Control Channel for NR
According to the LTE control channel receiving procedure, a UE performs blind decoding to search for the PDCCH in a pre-defined search spaces, e.g. common search space and UE-specific search space. For the PDCCH structure in LTE, four basic CCE aggregation levels 1, 2, 4, and 8 have been used for link adaptation of PDCCH and then, LTE UE may perform 44 tries of blind decoding for PDCCH detection at a given DL subframe.
For a DL control channel for NR, it needs to further consider UE power consumption reduction as agreed at the RAN1#86 meeting. The LTE UE should perform the blind decoding to detect its DL/UL scheduling information in every TTI. The unscheduled UEs should also perform the blind decoding to detect paging information in every DTX duration. Since NR targets to reduce the TTI for supporting URLLC service below 6GHz and for supporting TDMed multi-user transmission above 6GHz, it is necessary to further reduce the blind decoding complexity for NR supporting low power consumption.
In order to reduce blind decoding complexity, one approach is to limit the number of DCI payload sizes as small as possible [4],[5]. If some limited sizes of DCI payload are considered in NR, the blind decoding for NR-PDCCH can be significantly reduced. As a method for the limited DCI payload sizes, for example, for two DCI formats, the length of the short DCI format is extended to that of the long DCI format by attaching more information or applying channel coding. Also, the length of the long DCI format is reduced to that of the short DCI format by dropping some bits.
In addition to the limited DCI payload sizes, for further reduction of the blind decoding of NR-PDCCH, it would be quite helpful for a UE to recognize which NR-CCE candidate is allocated before blind decoding for NR-PDCCH. It was agreed at RAN1#86bis that NR should support UE/PDCCH-specific DM-RS for NR-PDCCH reception. In other words, since each NR-PDCCH can have its own DM-RS for coherent detection, the DM-RS can be used to indicate blind decoding information in order to reduce blind decoding trials. As a simple approach, a UE can observe a given search space including the DM-RS (or NR-PDCCH control data) to decide whether or which NR-CCEs are transmitted by extracting the information of CCE candidates from DM-RS signals before blind decoding of NR-PDCCH, as shown in Figure 1 (Top). In general, it would be hard for the UE to detect its own DM-RS signals when multiple UEs can share the same PRBs or NR-CCEs. In another approach, gNB transmits the dedicated DM-RS signals for the UE, and then, the UE detects the UE and NR-CCE allocation specific information from the DM-RS signals as shown in Figure 1 (Bottom). Also, the special signaling on DM-RS can inform additional information related to NR-CCE aggregation level or NR-CCE allocation. 
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Figure 1. DM-RS Detection for NR-PDCCH Decoding. 
To use the DM-RS information before blind decoding makes an additional complexity even if it can help to decrease blind decoding trials. In LTE(-A), the UE-specific search space is randomly spread over a control channel in order to obtain time-frequency diversity gain as well as to avoid interference across cells. However, if we consider the search space spreading over the control channel, then, DM-RS cannot be shared in different aggregation levels so that the DM-RS detection is performed in every NR-CCE candidates which may result in increasing decoding delay and UE power consumption. A better approach is to adopt the hierarchical search space structure in Figure 2, where an aggregated NR-CCE is the superset of NR-CCE candidates with the smaller aggregation level and location of the DM-RS is also fixed regardless of aggregation levels. It seems beneficial for a DL control channel that this hierarchical structure can share DM-RS and reuse channel estimates over among NR-CCE candidates with different aggregation levels. 
· Observation 1: It seems beneficial to support the hierarchical search space structure for DL control channel on NR with DMRS sharing. 
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Figure 2. Hierarchical search space for NR-PDCCH

Suppose that the hierarchical search space is considered for NR-PDCCH, the performance of the DM-RS assisted blind decoding is briefly investigated as follows. There are 15 NR-CCE candidates and the average number of blind decoding is 8 when selecting NR-CCE candidates randomly. The average number of blind decoding trials using the detected information at DM-RS is given by



where  denotes the conditional probability that a DMRS pattern b is detected at a UE when NR-CCE candidate a is transmitted and  denotes the number of blind decoding trials when a DMRS pattern b is detected and NR-CCE candidate a is transmitted and it depends on how to select the most reliable NR-CCE candidate among the NR-CCE candidates. The UE searches the most reliable NR-CCE candidate first and then proceeds to search the next reliable NR-CCE candidates until a valid RNTI is checked. As shown in Figure 4, the average number of blind decoding trials with the DM-RS detection can be reduced to 2 when the UE and NR-CCE allocation specific DM-RS per a NR-CCE is successfully detected with 90% reliability. 
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Figure 3. Average number of blind detection trials
· Observation 2: With the hierarchical search space structure, the UE and NR-CCE specific DMRS detection with 90% reliability can significantly reduce blind decoding trials in the average sense.
· Proposal: NR should support a mechanism to reduce decoding complexity for a DL control channel. 

3 Conclusion
In this contribution, we discussed the impact of NR-PDCCH blind decoding and advantages of the fast NR-PDCCH blind decoding. Our views are summarized as follows:
· [bookmark: _GoBack]Observation 1: It seems beneficial to support the hierarchical search space structure for DL control channel on NR with DMRS sharing.
· Observation 2: With the hierarchical search space structure, the UE and NR-CCE specific DMRS detection with 90% reliability can significantly reduce blind decoding trials in the average sense.
· Proposal: NR should support a mechanism to reduce decoding complexity for a DL control channel. 
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