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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In previous meetings, contributions [1] that showed the PDCCH monitoring activities consume most of LTE UE energy in the real UE usage scenarios. The NR DCI should be carefully designed to reduce the power consumption on the DCI monitoring. Mechanisms that can reduce the number of DCI monitoring in time domain and reduce the number of blind decoding should be considered. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In RAN1 #86bis [2], there are several agreements that benefit to the DCI monitoring power consumption reduction, including:
· In frequency domain, define a “control subband” which is smaller than or equal to the carrier bandwidth to carry DCI.
· NR supports at least same-slot and cross-slot scheduling for DL.
· Slot aggregation is supported.
· 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.
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26]UE-specific DL control information monitoring occasions at least in time domain can be configured.
In RAN1#87 [3], there are following agreements on NR-PDCCH monitoring: 
· NR-PDCCH monitoring at least for single-stage DCI design,
· NR supports the following minimum granularity of the DCI monitoring occasion: 
· For slots: once per slot
· When  mini-slots are used: FFS if every symbol or every second symbol
· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)
· Note: slot/mini-slot alignment is not assumed here 
· Note: This may not apply in all cases
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]In RAN1 NR Ad Hoc meeting [4], there are following agreements on NR-PDCCH decoding: 
· 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
In this contribution, we discuss ways to further reduce the DCI monitoring occasions in time domain, and then we discuss the ways to reduce the number of blind decoding. 
[bookmark: _Ref129681832]Discussion 
DCI monitoring occasions
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]NR will support diver traffic categories which have different requirements on data rate and latency. For example, the DCI monitoring duration for eMBB can be 1 slot or longer. The minimum DCI monitoring duration may be 1 mini-slot for URLLC. So RAN1 has the agreement that DCI monitoring occasion should be UE-specific and is configured at least in time domain to adapt to different case cases. 
In RAN1#87, RAN1 has agreed that at least for single-stage DCI design, UE will support the DCI monitoring per slot. That doesn’t mean gNB will scheduled each UE per slot. Considering the most of traffic type and deployment scenarios in NR are similar than LTE, the 1ms scheduling period should be considered in NR. To further reduce the UE power consumption, NR may also consider to support DCI monitoring occasion greater than 1ms.
Proposal 1: NR should support at least UE-specific 1ms DCI monitoring occasion. 
For UEs configured 1ms DCI monitoring, that doesn’t means the data transmission time of UE will be occupy the following 1ms time duration. There will be several options depending on the traffic per UE as following, which should be notified UE dynamically in DCI signaling or in semi-static way in RRC signaling. 
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Option 1: DL Data is in the whole following 1-ms duration. This is one of the options of slot aggregation, as shown in Fig.1-a.
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]Option 2: DL Data is in the following several contiguous slots in current 1-ms duration. This is one of the options of slot aggregation, as shown in Fig.1-b.
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24]Option 3: DL Data is in the following several non-contiguous slots in current 1-ms duration, as shown in Fig.1-c.
· Option 4: DL Data is in the following one slot of current 1-ms duration. The index of slot for the data transmission is configurable or dynamically changing, as shown in Fig.1-d.
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Fig. 1 Options of DCI indication 
For the slot aggregation case, the number of TBs can be one or equal to the number of scheduled slots. As shown in [5], one TB across all scheduled slot is preferred. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]For eMBB traffic, the latency requirement of signaling in NR is similar to that in LTE. So the DCI monitoring occasion for at least broadcast signaling is similar as LTE.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK46]Proposal 2: NR should support at least 1ms DCI monitoring occasion for broadcast signaling.
RAN1 has agreed that UE-specific DL control information monitoring occasions at least in time domain can be configured. For the case that the DCI monitoring occasion is greater than 1 slot, the index of scheduled slot per DCI monitoring occasion can be common to all UE or can be configured per UE. The slot carrying DCI of broadcast signaling and multi-cast signaling can be common to all UEs or a group of UEs, while the slot carrying DCI of dedicate UE is UE-specific.
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK11] Proposal 3: NR should support the common DCI monitoring slot at least for broadcast signaling.
DCI blind detection 
The number of blind detections affects the decoding complexity of a UE. Too much complexity will further increase the cost for mobile manufacturers. On the other hand, if the number of blind detections is reduced, the flexibility of control channel will be reduced due to limited transmission mode and reduced control search spaces. In order to tradeoff the flexibility of control channel and decoding complexity, the maximum number of blind detection is predefined as 44 in LTE. For NR, additional requirements of low latency and energy efficiency lead to the further reduction of decoding complexity. The DCI blind decoding reduction solutions which will maintain the flexibility of control channel and reduce the number of blind detection as much as possible should be studied. The total number of blind detections can be defined to 44 as a starting point for a single carrier operation. 
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Proposal 4: The number of blind detections for control channel should be reduced, and it can be defined to 44 as a starting point for a single carrier operation.
The number of DCI formats will affect the number of blind detections. In order to reduce the number of blind detections, the number of DCI formats should be limited. However, as mentioned in [6], both of the flexible configurations for different transmission parameters and dynamically scheduled between different RF bandwidths will increase the number of DCI formats. It is hard to keep a small number of DCI formats. 
In the NR Ad Hoc meeting [4], a ‘group common PDCCH’ is discussed and a UE can use the information from the ‘group common PDCCH’ to skip some of blind decodings for control channel. However, this proposal depends on the design of search space and the content carried by the ‘group common PDCCH’. It is still not clear how the ‘group common PDCCH’ will help the reduction of blind decoding, since the search space and the content of the ‘group common PDCCH’ are still under discussion. This proposal can further be revisited after the design of search space and content of ‘group common PDCCH’. 
In order to reduce the number of blind detections, there are two options according to [6] as shown in the following:
· Option1:  Single-stage solution with limited number of payload sizes.
· Option2: Two-stage solution in which the variable payload size of second-step DCI will be indicated by the fixed size of first-step DCI.
For Option 1, all different payload sizes will be classified into limited number of groups, e.g. {20, 40, 60} bits. If the payload size is not large enough, padding bits will be added. Although the number of blind detection is reduced, transmission efficiency is also reduced due to those additional padding bits. Moreover, most of payload sizes have a slightly difference. It is very hard to classify those payload sizes into groups with less padding bits. The CDF of payload sizes of LTE is plotted in Fig. 2, taking into account with all transmission mode and system bandwidth. It is shown that the payload sizes are almost uniformly distributed. Most of payload sizes are concentrated within 40-60 bits. 

[bookmark: _Ref470267570][bookmark: OLE_LINK36][bookmark: OLE_LINK37]Fig. 2 CDF of payload size in LTE with all transmission mode and system bandwidth
For Option 2, two-stage solution will facilitate the reduction of blind detections as mentioned in [6][7]. A field with fixed size or a fixed header will be transmitted at the first-step DCI, which will indicate the payload size of the second-step DCI. Therefore, blind detections will be limited at the first-step DCI. This solution will provide the maximum flexibility of the control channel. Evaluation results can refer to our companion contribution [8].
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK12]Proposal 5: Two-stage downlink control channel structure should be supported to reduce the number of blind detections.
1. The first-step DCI has one payload size, and requires blind detections by the UE
1. The second-step DCI can support flexible payload sizes but the detailed payload size of the second-step can dynamically be indicated in the first-step DCI. The second-step DCI does not require blind detection by the UE.
Proposal 6: The benefit of ‘group common PDCCH’ for reduction of blind decoding should be for further studied, based on the design of search space and the content of ‘group common PDCCH’. 

Conclusions
In this contribution, we discuss the possible configurations of DCI monitoring occasion and the possible designs to reduce the blind decoding. The following proposals are given for RAN1 decision:
Proposal 1: NR should support at least UE-specific 1ms DCI monitoring occasion. 
Proposal 2: NR should support at least 1ms DCI monitoring occasion for broadcast signaling.
Proposal 3: NR should support the common DCI monitoring slot at least for broadcast signaling.
Proposal 4: The number of blind detection for control channel should be reduced, and it can be defined to 44 as a starting point for a single carrier operation.
Proposal 5: Two-stage downlink control channel structure should be supported to reduce the number of blind detections.
1. The first-step DCI has one payload size, and requires blind detections by the UE
1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The second-step DCI can support flexible payload sizes but the detailed payload size of the second-step can dynamically be indicated in the first-step DCI. The second-step DCI does not require blind detection by the UE.
Proposal 6: The benefit of ‘group common PDCCH’ for reduction of blind decoding should be for further studied, based on the design of search space and the content of ‘group common PDCCH’.
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