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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#87, the agreements regarding DCI monitoring are as following:
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Agreements:
· 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
In RAN1 ad hoc, a WF on two-stage DCI is as following:
· Support 2-stage DCI for DL grant in NR
· 1st stage of the DCI  in the PDCCH region
· The size of the 1st stage DCI is fixed for the UE
· Including rank and resource allocation for PDSCH
· If 2nd stage DCI supports multiple sizes for UE, also indicating the payload size (after possible padding) of the 2nd stage DCI in PDSCH to avoid blind detection
· FFS: Other information included in the 1st stage DCI, such as modulation order
· Support 2nd stage of the DCI in PDSCH region
· Including remaining parts of the DCI for the DL grant
· FFS if multiple sizes needed for the 2nd stage DCI for a UE
· FFS other downlink control information carried in the 2nd stage, such as other UL grants and/or (cross slot) DL grants to the same UE
· FFS support of 2nd stage of DCI in PDCCH region
In this contribution, we mainly discuss the DCI monitoring issues with introduction of mini-slot.
[bookmark: _GoBack]Discussion
In LTE/LTE-A, DCI monitoring is configured by DRX. During the on duration of DRX, UE will monitor DCI per subframe, and during the off duration, UE won’t perform DCI monitoring operation. For regular scheduling, there is only one numerology in a single carrier, so the subframe length won’t change dynamically, and the absolute time interval between two DCI monitoring occasions of the on duration is also constant.
In NR, with mm wave, the subcarrier spacing may be different from that of below 6GHz, as a result, the slot length will change for different frequency ranges. If the DCI monitoring is per slot, the absolute time interval between two DCI monitoring occasions of the on duration will also change due to the different frequency ranges. In this case, the subcarrier spacing in a carrier changes slowly, so this DCI monitoring periodicity can be configured by RRC signaling or predefined in specification.
With support of fewer symbols or smaller symbol length, the absolute time interval between two DCI monitoring occasions is different from that of eMBB UEs. Examples are shown in Fig 1. The upper one is DCI monitoring per several symbols rather than a slot or a subframe. The lower one is per slot DCI monitoring with smaller symbol length.


Fig 1. DCI monitoring occasions
For this case, the traffic is very dynamic, if the smallest absolute time interval is configured for the UE, power consumption will be quite large, so it is more reasonable to apply physical layer signaling to configure the DCI monitoring operation. That is, introduce a two-stage DCI, and the first DCI can indicate the time/frequency resources for the second DCI.
Proposal: Consider introduction of two-stage DCI. The first DCI can indicate the time/frequency resources of the second DCI.
The first DCI can be in the common search space, and the monitoring of the first DCI can be configured semi-statically by RRC signaling or predefined by specification. The second DCI can be located in the UE-specific search space, and the time/frequency resources per monitoring occasion can be the same or different.
The two –stage DCI can also be used in other cases, such as the eMBB and URLLC multiplexing. The first stage DCI can contain the resource allocation information for the URLLC UE, and scrambled by a UE-group specific RNTI to be decodable by both the eMBB UE and the URLLC UE. Alternatively, the second DCI can also contain information regarding the puncturing or retransmission.
To save signaling overhead, the DCI monitoring operation can also be adjusted by the UE. If the UE transmits a SR to require resources for URLLC traffic, it can update its DCI monitoring operation to a more frequent one with smaller absolute time domain interval. The disadvantage of this method is that the traffic type is not transparent to the UE, which may make the scheduling complicated.
Conclusion
In this contribution, we discussed DCI monitoring issues with different numerologies, and our proposals are as following:
Proposal: Consider introduction of two-stage DCI. The first DCI can indicate the time/frequency resources of the second DCI.
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