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1 Introduction
At the RAN#90-e meeting, the new WID on supporting NR from 52.6GHz to 71GHz was approved [1]. The objectives of the WI include following RAN1 aspects .
	· Physical layer aspects including [RAN1]:
· Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.



In RAN1#103-e meeting, agreements were reached and conclusions were made as follows [2],
	Agreement:
Numerologies below 120 kHz or above 960 kHz are not supported for any signal or channel.

Agreement:
For operation in 52-71 GHz:
· 120 kHz should be supported
· Up to two additional SCS may be considered and at least one should be supported
· FFS: Applicability of additional SCS to particular signals and channels 




In this contribution, we provide our views on enhancements to PDCCH monitoring required for NR beyond 52.6GHz mainly focusing on reducing the number of blind detection (BD) budget.
2 Discussion
In order to support wide range of services, 5G NR system aims to support potential use of frequency range up to 100 GHz. NR specifications that have been developed in Rel-15 and Rel-16 define operation for frequencies up to 52.6 GHz. Frequencies above 52.6 GHz are faced with more difficult challenges, such as higher phase noise, larger propagation loss due to high atmospheric absorption, lower power amplifier efficiency compared to lower frequency bands.
For supporting NR operation in the frequency range from 52.6 GHz to 71 GHz, FR2 numerologies and additional subcarrier spacings (SCS) beyond that should be supported. In the RAN1#103-e meeting, it was agreed that SCS of 120KHz is supported for transmission in NR above 52.6GHz along with one of 480KHz and 960KHz SCS. Since NR above 52.6GHz supports high SCS values, the slot duration will be reduced . This reduction in slot size will lead to certain issues like increase in the number of BDs performed per slot by the UE for a given time period.
In Rel-15 NR, the limit on number of BDs performed by a UE is defined per slot in order to reduce unnecessary wastage of power. This limit of number of BDs a UE can perform per slot will reduce with increase in SCS. For example, the maximum number of BDs performed by a UE per slot is 44 for 15KHz SCS and 36 for 30KHz SCS. This limit is imposed on number of BDs performed by a UE to reduce unnecessary wastage of power. For higher SCS, since the slot duration is very less, the limit for number of BDs a UE can perform per slot should be very less. In that case, PDCCH blocking will increase because lesser number of candidates will be available for scheduling a PDCCH. Hence, some possible techniques need to be investigated which will reduce the number of BDs a UE will perform per slot without much increase in PDCCH blocking. 

Observation 1: Possible techniques should be investigated which will reduce number of BDs a UE will perform per slot without increasing PDCCH blocking.
PDCCH monitoring accounts for the major portion of power consumption in case of DL reception. The Downlink control information (DCI) carries different types of control information and the DCI payload and its size varies depending on the type of control information to be conveyed. The parameters associated with a DCI in a slot are not known to the UE. These parameters include the number of DCIs and their formats in a given slot, the actual aggregation level (AL) used and the location of the DCI within the control resource set (CORESET). A UE detects a DCI by blindly searching in the CORESET regions configured by the gNB. Every blind detection requires some complex operations in an iterative fashion which are highly power consuming. A UE performs BDs based on the search space set configuration given by the gNB. A search space (SS) set configuration provides a UE with the SS set type (CSS set or USS set), DCI format(s) to be monitored, monitoring occasion that includes periodicity and offset, and the number of PDCCH candidates for each AL in the SS set.. Number of BDs a UE performs in a slot will vary based on the SS set configuration. Performing all the required BDs in a slot is highly complex and require considerable time. In case of higher SCS, the slot duration decreases. Therefore, completing all the required PDCCH BDs within the available slot duration is impossible. On the other hand, new category UEs of enhanced capability need to be designed to complete the required processing within the stipulated time. This leads to increase in cost of the UEs as well as power consumption. Reducing the number of blind decoding attempts of control channel is one way to reduce the complexity and power consumption. But reduction in the limit of maximum number of BDs per slot will reduce the scheduling flexibility drastically. Thus, methods to reduce the number of BDs performed by a UE per slot without affecting the scheduling flexibility should be considered.
Proposal 1: Support for dynamic adaptation of the parameters related to PDCCH monitoring, that are configured semi statically,  in order to reduce number of blind decodings.
PDCCH decoding is performed blindly over all the available control channel elements (CCE), for all aggregation levels in all the configured search space sets until the limit of number of BDs per slot is achieved. A legacy UE can be configured with up to 10 search space sets. However, for the UEs with lesser amount of  data to transmit/receive, the number of scheduled DCIs per slot may be less. Similarly, PDCCH decoding is performed for all the DCI formats configured for that search space set. However, in most cases, all DCI formats would not be scheduled in a slot. Performing blind decoding over all the search space sets and all DCI formats consumes  unnecessarily more time and  power. If details on the scheduled search space sets and DCI formats are signalled to a UE dynamically, then enormous time and power consumed for PDCCH blind decoding will be saved. There is also a possibility of early detection of DCI in conventional BD process. Performing blind decoding over remaining PDCCH candidates  is unnecessary in that case. . Some mechanism to indicate the early termination will help to avoid this wastage.
[bookmark: __DdeLink__15710_1451397986]Proposal 2: Dynamic indication of scheduled search space sets, DCI formats, DCI termination etc. is supported. 
Scheduling of multiple PDSCHs using a single DCI can be used to reduce the time required for PDCCH monitoring.  If each of the PDSCH is scheduled using an independent DCI, then the number of scheduled DCIs will be more. If multiple PDSCHs are scheduled by a single DCI, the number of scheduled DCIs will reduce, which in turn will require lesser number of PDCCH candidates to schedule a UE. This in turn requires lesser number of BD’s. Hence, if multiple PDSCHs are scheduled using single DCI, the number of BDs performed by the UE per slot can be reduced.
Proposal 3: Scheduling multi-PDSCH through single DCI is supported.
3 Conclusion
In this paper we made the following conclusions:
Observation 1: Possible techniques should be investigated which will reduce number of BDs a UE will perform per slot without increasing PDCCH blocking.
Proposal 1: Support for dynamic adaptation of the parameters related to PDCCH monitoring, that are configured semi statically, in order to reduce number of blind decodings.
Proposal 2: Dynamic indication of scheduled search space sets, DCI formats, DCI termination etc. is supported.

Proposal 3: Scheduling multi-PDSCH through single DCI supported.

4 References
[1]  RP-202925, “Revised WID: Extending current NR operation to 71GHz”, CMCC
[2]  3GPP RAN1#103-e, “Chairman Notes”



	4/4	
