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1. Introduction
Considering ultra-reliability aspects of overall DL transmission and UL transmission, it would be more important to enhance reliability of NR-PDCCH compared to NR-PDSCH or NR-PUSCH. To be specific, if retransmission is assumed to be used for ultra-reliability requirements, PDSCH or PUSCH decoding can be performed after combining coded bits associated with initial transmission and its retransmission. In this case, BLER requirements of a single PDSCH or PUSCH transmission could be relaxed. Instead, since UE may need to detect both NR-PDCCH scheduling initial transmission and its retransmission, BLER requirement for NR-PDCCH needs to be small enough. Depending on the BLER requirement and feasibility in terms of detection performance, it can be considered to carefully investigate whether compact DCI format is introduced or PDCCH repetition is introduced or both approaches are introduced. 
Observation: Considering BLER requirement and feasibility of enhancement scheme, it is necessary to carefully investigate whether NR support compact DCI format or PDCCH repetition or both schemes. 
In this contribution, we provide our views on ultra-reliability aspects on NR-PDCCH design. Especially, we focus on how to support compact DCI format and/or higher aggregation level. 

2. Discussion
To enhance detection performance of DCI, one approach is to reduce DCI payload size. In this case, UE can enhance DCI detection performance without increasing the number of allocated resources for PDCCH transmission due to the lower code rate of DCI. However, it may need to remove or reduce certain DCI field(s), which can cause scheduling restriction on PDSCH or PUSCH transmission. Furthermore, it may need to investigate how to manage blind decoding attempts especially when UE monitors both compact DCI and normal DCI, which have different payload sizes. 
2.1. DCI fields design for compact DCI format
2.1.1. Frequency domain resource assignment 
First of all, it can be considered to reduce bit field size for resource allocation. In case, contiguous resource allocation would be beneficial in terms of DCI payload size reduction as in resource allocation type 1. Moreover, to achieve frequency diversity, the contiguously allocated virtual RBs can be distributed over whole bandwidth part by using DVRB scheme. In addition, the DCI payload size could be further reduced when the granularity of resource allocation is set to be multiples of RBs. For simplicity, the step size of frequency domain resource allocation would be equal to the interleaver bundle size L for the interleaved VRB-to-PRB mapping. 
Proposal 1: For compact DCI format design, resource allocation type 1 is supported. The step size for the allocated frequency domain resources is the same as the interleaver bundle size for the interleaved VRB-to-PRB mapping. 

2.1.2. Time domain resource assignment 
In case of URLLC traffic, the packet size is relatively small, and the latency needs to be minimized as much as possible. In that point of view, the number of allocated time-domain resources can be restricted into few OFDM symbols such as 2 OFDM symbols. Furthermore, the timing between PDSCH or PUSCH transmission and the corresponding PDCCH transmission needs to be minimized as much as possible. To be specific, the starting symbol of the allocated PDSCH can be the same as the first symbol of CORESET associated with the corresponding PDCCH transmission. Meanwhile, the starting symbol of the allocated PUSCH can be set to be N symbols later than the first symbol of CORESET associated with the corresponding PDCCH transmission, where the value of N is higher layer configured. The length of the allocated PDSCH or PUSCH can be higher layer configured. To support PDCCH repetition discussed in our companion contribution [1], it is however beneficial to have time-domain indication. However, the set of time-domain resources can be significantly reduced for example two entries with different starting OFDM symbols. When non-slot PUSCH/PDSCH is scheduled, in current time-domain resource allocation table, if different OFDM symbol is used, multiple entries are needed. Thus, reusing the current resource allocation table can significantly increase the required time-domain RA field (e.g., to schedule 7 transmission occasions of 2 OS PDSCH/PUSCH, 7 entries are needed). In that sense, we propose to configure a separate time-domain RA table which has the following properties. 
· Each RA entry includes K0 or K2 the number of slot for cross-slot scheduling, mapping type, an entry to indicate starting OFDM symbol and duration. 
· The starting OFDM symbol is used as an ‘offset’. 
· The time between the last OFDM symbol of a PDCCH and the corresponding PDSCH or PUSCH is defined as K0 (or K2) + starting symbol.
· The duration indicates duration of PUSCH/PDSCH.

Proposal 2: For time domain resource allocation field in compact DCI,
· Each RA entry includes K0 or K2 the number of slot for cross-slot scheduling, mapping type, an entry to indicate starting OFDM symbol and duration.
· The starting OFDM symbol is used as an offset
· The time between the last OFDM symbol of a PDCCH and the corresponding PDSCH or PUSCH is defined as K0 (or K2) + starting symbol
· The duration indicates duration of PUSCH/PDSCH

2.1.3. Modulation and coding scheme 
Depending on the characteristics of URLLC traffic or requirements, it can be considered to support separate CQI and MCS table compared to eMBB transmission. For instance, considering lower BLER requirement, CQI and MCS state with lower spectral efficiency could be introduced. Meanwhile, depending on the target SINR range of URLLC UE, it can be considered to down select candidates of MCS states for URLLC scheduling as in codebook restriction. To be specific, candidates of MCS states can be higher layer configured, and then the size of MCS bit field could be further reduced. 
Proposal 3: For compact DCI format design, possible MCS states can be restricted by higher layer signalling to reduce MCS field size. 

2.1.4. Redundancy version
Considering latency requirements of URLLC transmission, the maximum number of (re)transmission could be restricted. For instance, URLLC UE would be allowed to support up to one retransmission. In this case, the possible values of RV could be restricted as well. To be specific, URLLC UE can support 0 or 2 for RV value. 
Proposal 4: For compact DCI format design, RV field size is reduced into 1 bit, and it is supported that 0 or 2 for possible RV value. 

2.1.5. HARQ process number
Considering latency requirement, the timing between initial transmission and retransmission needs to be minimized. Furthermore, considering sporadic arrival rate and small packet size of URLLC data traffic, maximum HARQ process number could be relatively small, therefore, its bit field size could be further reduced. 
Proposal 5: For compact DCI format design, maximum HARQ process number will be restricted, and the HARQ process number bit field size is reduced. 

2.1.6. Downlink assignment index
Considering the detection performance of HARQ-ACK feedback, it would be beneficial not to multiplex multiple HARQ-ACK feedbacks on a single uplink physical channel. Furthermore, since URLLC traffic will arrive rarely, it is inefficient to always multiplex multiple HARQ-ACK feedbacks in a single uplink channel. In that point of view, DAI field could be removed from the compact DCI format, and PDSCH-to-HARQ feedback timing could be fixed or higher layer configured. 
Proposal 6: For compact DCI format design, both DAI field and PDSCH-to-HARQ feedback timing indicator field will not present. PDSCH-to-HARQ feedback timing is semi-statically configured. 

2.2. Coexistence between compact DCI format and normal DCI format
Since compact DCI format will have smaller payload size compared to normal DCI format such as DCI format 0_0, 1_0, 0_1, or 1_1, it may need to consider how to manage blind decoding attempts at UE side especially when a UE monitors both compact DCI format and other DCI format simultaneously. Meanwhile, since URLLC traffic will arrive sporadically in general, it would be inefficient to always separate the number of BD attempts between compact DCI format and other DCI format. 
It is not assumed that monitoring occasions of search space set for other DCI format (e.g., fallback DCI format) and compact DCI would be always aligned. In fact, aligning the occasions can be inefficient in terms of UE BD complexity. For low latency case, more frequenct monitoring on compact DCI seems necessary with proper configuration of DRX. Thus, depending on search space configuration, monitoring occasion on compact DCI and other formats may or may not collide. Not to exceed UE BD capability, BDs need to be partitioned between different DCI formats assuming the worst case (i.e., collision case), this can lead less available BDs for other DCI formats. To address this, overbooking of BDs can be considered where monitoring on a set of search space can be reduced when the allocated BDs exceed UE’s capability. If BDs on search space set with other DCIs are reduced, scheduling flexibility is reduced for eMBB. Otherwise, latency on URLLC can be impacted. To bypass this problem, another approach is to adjust the DCI size of compact DCI depending on the case whether compact DCI is shared with other DCI formats or not. As discussed in our companion contribution [2], one approach to address is to configure a set of DCI format(s) monitored in each search space set where the configured DCI format(s) are assumed to have the same DCI size by appropriate padding. In this sense, compact DCI can have different payload size depending on the monitoring occasions/search space set. 
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3. Conclusion
In this contribution, we discuss ultra-reliability aspects on NR-PDCCH design. Our proposals are as follows:
Observation: Considering BLER requirement and feasibility of enhancement scheme, it is necessary to carefully investigate whether NR support compact DCI format or PDCCH repetition or both schemes. 
Proposal 1: For compact DCI format design, resource allocation type 1 is supported. The step size for the allocated frequency domain resources is the same as the interleaver bundle size for the interleaved VRB-to-PRB mapping. 
Proposal 2: For time domain resource allocation field in compact DCI,
· Each RA entry includes K0 or K2 the number of slot for cross-slot scheduling, mapping type, an entry to indicate starting OFDM symbol and duration.
· The starting OFDM symbol is used as an offset
· The time between the last OFDM symbol of a PDCCH and the corresponding PDSCH or PUSCH is defined as K0 (or K2) + starting symbol
· The duration indicates duration of PUSCH/PDSCH
Proposal 3: For compact DCI format design, possible MCS states can be restricted by higher layer signalling to reduce MCS field size. 
Proposal 4: For compact DCI format design, RV field size is reduced into 1 bit, and it is supported that 0 or 2 for possible RV value. 
Proposal 5: For compact DCI format design, maximum HARQ process number will be restricted, and the HARQ process number bit field size is reduced. 
Proposal 6: For compact DCI format design, both DAI field and PDSCH-to-HARQ feedback timing indicator field will not present. PDSCH-to-HARQ feedback timing is semi-statically configured. 
Proposal 7: Considering BD attempts handling, the payload size of compact DCI format can be the same as the payload size of other DCI format when they are configured in the same search space set. 
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