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1 Introduction
In previous RAN1 meetings, we have reached following agreements on DL control channel monitoring aspects. 

This contribution discusses remaining issues regarding DL control channel monitoring procedure.
2 Discussions on NR PDCCH monitoring
Slot level DL control channel monitoring
For the configuration of the DL control channel monitoring occasions, it is need to be clarified how to differentiate between common control channels and UE-specific control channels first. For common control channel, e.g., SIB and RAR, it is beneficial to configure a common monitoring occasions between UEs in order to avoid the repeated transmissions of the same channels. For UE-specific control channel and some of control channel, e.g., paging, the monitoring occasions can be configured for different UE either similarly or differently depending on the NW.  Therefore, monitoring occasion related configuration should be associated with search space configuration.
The simple approach for the configuration of DL control channel monitoring occasions is to configure a periodicity in a UE-specific manner. If the UE is configured with a certain periodicity ‘P’, then UE monitors DL control channel every P slot. Figure 1 is showing the periodic configuration of the slot level DL control channel monitoring. The reference point could be the start of the SFN (System Frame Number) # 0 and there could be offset ‘O’ configured for multiplexing UEs in different slots, where O = {0, 1, 2, …, P-1}. 
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Figure 1: Periodic configuration of slot level DL control channel monitoring
If the monitoring occasions are determined periodically and the periodicity and offset values of multiple UEs are the same, then it is possible that some UEs may not have sufficient chance for the scheduling because of the overlap of monitoring occasions. If the monitoring occasions are determined in a more randomized manner, it could reduce the scheduling blocking probability as shown in Figure 2 especially for UE-specific search space. One potential way to randomize the monitoring occasions is to define a hashing function determining the actual slots that a UE has to monitor. The hashing function can be based on UE ID for randomization and additional configuration parameter for providing NW control. For this approach, it should be taken into account that the gap between two consecutive monitoring slots should not be too large considering service latency requirement. 
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Figure 2: Random configuration of slot level DL control channel monitoring

As shown in the introduction section, NR supports transmissions of NR DL in MBSFN subframes of LTE for the realization of LTE-NR coexistence. Therefore, for the control channel monitoring behaviour, LTE MBSFN subframe should be considered together. As shown in Figure 3, there can be additional symbol level offsets for the control channel monitoring when LTE-NR coexistence is configured. 
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Figure 3: OFDM symbol position depending on the LTE-NR coexistence
Proposal 1: 
· Downlink control channel monitoring is configured per search space from a UE perspective

· Slot level downlink control channel monitoring can be supported by either or both of the following approaches

· DL control channel monitoring occasions using a periodicity and an offset defined w.r.t. SFN #0, slot#0.

· DL control channel monitoring occasions using a hashing function based on UE ID and NW configured parameter

· There can be additional symbol level offsets for the control channel monitoring considering LTE-NR coexistence
Symbol level DL control channel monitoring
For supporting low latency service, e.g. URLLC, it was agreed that slot level PDCCH/PDSCH transmissions are supported in NR. In this case, configuration of the control channel monitoring occasion is more important since if a UE has to monitor a number of DL control channels every symbol period, it requires significant power consumption for performing blind detections of DL control channels in every symbol. And also, depending on the actual transmission interval, a.k.a mini-slot length of the PDSCH, e.g., 2, 3, and 4 OFDM symbols, the monitoring can be done less often than every symbol period. 
Similar approaches discussed for slot level monitoring can be also applied for the symbol level monitoring operation. Figure 4 and Figure 5 describes the periodic monitoring and randomised monitoring respectively.
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Figure 4: Periodic configuration of symbol level DL control channel monitoring assuming 14 OFDM symbols per slot
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Figure 5: Random configuration of symbol level DL control channel monitoring

DL control channel monitoring in LTE MBSFN subframe has to be also considered for symbol level monitoring. In this case, first two symbols in each slot are considered as invalid and only 12 symbols are considered for the DL control channel monitoring, assuming normal CP length.
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Figure 6: symbol level DL control channel monitoring in LTE MBSFN subframe
Proposal 2: 

· Symbol level downlink control channel monitoring can be supported by either or both of the following approaches

· DL control channel monitoring occasions using a periodicity and an offset defined w.r.t. slot#0 (and SFN #0).

· DL control channel monitoring occasions using a hashing function based on UE ID and NW configured parameter

· First two symbols may not be used for control channel monitoring if LTE MBSFN subframe is used.
3 Conclusion

In this contribution, we provided our views on open issues regarding DL control channel monitoring aspects and the following proposals are made: 

Proposal 1: 

· Downlink control channel monitoring is configured per search space from a UE perspective

· Slot level downlink control channel monitoring can be supported by either or both of the following approaches

· DL control channel monitoring occasions using a periodicity and an offset defined w.r.t. SFN #0, slot#0.

· DL control channel monitoring occasions using a hashing function based on UE ID and NW configured parameter

· There can be additional symbol level offsets for the control channel monitoring considering LTE-NR coexistence
Proposal 2: 

· Symbol level downlink control channel monitoring can be supported by either or both of the following approaches

· DL control channel monitoring occasions using a periodicity and an offset defined w.r.t. slot#0 (and SFN #0).

· DL control channel monitoring occasions using a hashing function based on UE ID and NW configured parameter

· First two symbols may not be used for control channel monitoring if the slot is LTE MBSFN subframe.
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Agreements in RAN1 #86bis:


UE-specific DL control information monitoring occasions at least in time domain can be configured








Agreements in RAN1 NR Adhoc:


Blocking probability of DL control channel should be taken into account in NR-PDCCH design





Supporting NR DL in MBSFN subframes of LTE


FFS details








Agreements in RAN1 #88bis:


UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel


Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel


Note: This may not be applied to all type of the UEs and/or use-cases


FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot


Data channel (PDSCH, PUSCH) duration and starting position


Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz


Note: This may not be applied to all type of UEs and/or use-cases


UE is not expected to blindly detect the presence of DMRS or PT-RS


FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication


FFS: combinations of data duration and granularities of data position


Specification supports data having frequency-selective assignment with any data duration


FFS: relations between “DL control channel monitoring” occasions and data channel durations


Note: this is addition to the agreements at RAN1#86.


Note : 1-symbol case may be restricted depending on the BW.
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