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1 Introduction

At RAN1 # 90bis, the following agreement were reached regarding the monitoring of DL control channel 
Agreements:

· In a given CORESET, two types of search spaces (e.g., UE-common search space and UE-specific search space) can have different periodicities for a UE to monitor

· FFS details of the corresponding search spaces

Agreements:

· One set of the following parameters determines a set of search spaces

· A set of aggregation levels

· The number of PDCCH candidates for each aggregation level

· PDCCH monitoring occasion for the set of search spaces

Agreements:

· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:

· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}
· One value from {0, 1, 2, 3, 4, 5, 6, 8}
· PDCCH monitoring occasion for the set of search spaces
· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)
· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot

· Each set of search spaces associates with a CORESET configuration by RRC signaling
In this contribution, we discuss the UE capability definition and configuration of PDCCH BDs for non-slot based scheduling.
2 Discussion
2.1 UE capability of PDCCH BDs
For non-slot based scheduling, one straightforward way is to define UE capability as the maximum number of PDCH BDs within a given period, e.g. per slot. In order to have a unified design for both slot based and non-slot based scheduling, the maximum number of PDCCH BDs per slot, i.e. X, for slot based scheduling and non-slot based scheduling should be identical, e.g., X=44. When UE is configured with both slot based scheduling and non-slot based scheduling at the same time, the maximum number of PDCCH BDs should be X too. For a given SCS, if the UE is configured with a smaller PDCCH monitoring periodicity, the maximum number of PDCCH BDs at each PDCCH monitoring occasion needs to be restricted such that the total number of PDCCH BDs across all monitoring occasions within the given period does not exceeded X. This can be done either implicitly or explicitly by configuring the maximum number of PDCCH BDs for each monitoring occasion via higher layer signaling as discussed in section 2.2.
2.2 Split of PDCCH BDs
It has been agreed that for a given DCI format, a UE can be configured with the set of ALs and number of PDCCH candidates for each AL. For UEs supporting slot based scheduling and non-slot based scheduling simultaneously, maybe the UE needs to monitor at least two DCI formats at the same monitoring occasion. In this section, we discuss how to split the total number of PDCCH BDs so that the UE capability is not exceeded.
As an example shown in Figure 1, the UE should monitor DCI 1 for slot based scheduling and DCI 2 for non-slot based scheduling in the first occasion, and the maximum number of PDCCH BDs per slot is 44. 
One alternative is to configure the same number of BDs for each non-slot based scheduling occasion, and when the number of BDs exceeds the UE capability, the UE stops PDCCH BD attempt in the rest monitor occasions of the slot. For example, UE is configured to monitor DCI 1 for slot based scheduling at AL=1 and AL=2, and the PDCCH candidates for each AL is 6, and to monitor DCI 2 for non-slot based scheduling at AL=2 and AL=4, and the PDCCH candidates for each AL is 6 and 8 respectively. When the UE monitors DCI 2 for non-slot based scheduling in the third occasion, there is only 4 BDs remaining, because the UE has used (6*2+6+8)+(6+8)=40 BD tempts. Then the spec should define the monitoring priority to help the UE decide which AL in the third occasion to monitor firstly. For example, the spec defines to monitor lower AL firstly, the UE will only monitor AL=2 in the third monitoring occasion. 
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Figure 1: Illustration of DCI monitoring occasions for UEs supporting slot based and non-slot based scheduling simultaneously
Another alternative is to configure different numbers of PDCCH BDs for each non-slot based monitoring occasion. For example, bitmap-assisted search space configurations can be used. For 2-symbol monitoring period, there will be 7 monitoring occasions within a 14-symbol slot. 7-bit bitmap can be used. Different bit value in the bitmap indicated different numbers of BD attempts in the corresponding 2-symbol occasion. As illustrated in Figure 2, value 1 in the bitmap means a BD number of 6 and value 0 means 4, so the total number of BD attempts for this slot is 6*4+4*3=24. The parameters related to BD attempts include the set of ALs, number of PDCCH candidates for each AL, and DCI payload size. And how to allocate the assigned BD attempts for different ALs and/or different PDCCH candidates and/or different DCI payload sizes is not considered in this part.
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Figure 2: bitmap assisted SS configuration for non-slot based scheduling 
Proposal 1: For non-slot based scheduling, the UE capability of PDCCH BD should be defined as the total number of PDCCH BDs within one slot.
· The numbers of PDCCH BDs at each PDCCH monitoring occasion within one slot are configured by RRC signaling.
Furthermore, the same payload size for UE specific DCI is preferred to reduce the BD attempts [1], and this is especially important for URLLC since the non-slot based scheduling may incur extra DCI monitoring occasions and hence more PDCCH BDs . Moreover, the payload sizes of UE specific DCI and fallback DCI are preferred to be equal.
Proposal 2: A fixed payload size is preferred for UE specific DCI used by URLLC.
In addition, if a UE is configured with PDCCH repetition for reliability improvement, UE may not have to combine all the PDCCH repetitions for decoding in order to reduce the PDCCH BD attempts and hence decoding time. For example, UE can attempt decoding one PDCCH transmission, or the combination of two PDCCH transmissions, and so on, till obtains DCI or fails after attempting all trials. However, in order to further reduce the consumed BD attempts, gNB can configure UE how to decode the PDCCH repetitions. For instance, UE can be configured to only perform a limit number of BDs, e.g. perform N/2 PDCCH BDs of single PDCCH transmission and the combination of N/2 PDCCH repetitions, where N is the maximum number of repetitions. On the other hand, on a given PDCCH monitoring occasion, UE can assume it is one occasion for PDCCH1 repetition and it is the first PDCCH2 transmission as illustrated in Figure 3. 
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Figure 3: PDCCH monitoring for PDCCH repetition
Proposal 3: The split of PDCCH BDs between single PDCCH detection and PDCCH repetition can be configured by RRC.

A UE might be configured to monitor DCI scrambled by INT-RNTI or SFI-RNTI or both in group common PDCCH and it may also need to monitor paging or system information in common search space time to time. In this case, CSS and USS may have different monitor periodicities, and hence the total number of PDCCH BDs may exceed the UE capability. Therefore, it is reasonable to define priorities of DCIs that UE needs to monitor during a given slot when the total number of BD attempts exceeds the UE capability, e.g., UE may skip monitoring DCI scrambled by INT-RNTI or SFI-RNTI even though UE is RRC configured to monitor it. 

Proposal 4: When the total number of PDCCH BDs in a given slot exceeds the UE capability, UE will skip monitoring some DCIs of low priority even though UE is configured to monitor, e.g., SFI-RNTI or INT-RNTI DCI. 
3 Conclusion

In this contribution, we provide our view on the control channel design aspects for URLLC and have the following observation and proposals

Proposal 1: For non-slot based scheduling, the UE capability of PDCCH BD should be defined as the total number of PDCCH BDs within one slot.
· The numbers of PDCCH BDs at each PDCCH monitoring occasion within one slot are configured by RRC signaling.
Proposal 2: A fixed payload size is preferred for UE specific DCI used by URLLC.
Proposal 3: The split of PDCCH BDs between single PDCCH detection and PDCCH repetition can be configured by RRC.

Proposal 4: When the total number of PDCCH BDs in a given slot exceeds the UE capability, UE will skip monitoring some DCIs of low priority even though UE is configured to monitor, e.g., SFI-RNTI or INT-RNTI DCI. 
References
[1] R1-1701664, “DL control and data channel reliability considerations for URLLC”, Huawei, HiSilicon

Slot #0

DCI 1

DCI 2



_1572442265.vsd
SS with BD number 6


SS with BD number 4


1


1


1


1


0


0


0


Bitmap



_1562431846.vsd
PDCCH occasion


CORESET


PDCCH1


PDCCH1


PDCCH2


PDCCH2



