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1 Introduction
In RAN#83 plenary meeting, the WID on physical layer enhancements for NR ultra-reliable and low latency communication (URLLC) was approved [1]. Regarding PDCCH enhancements, the following scope is defined in [1]
	· Specification of PDCCH enhancements [RAN1]
· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.


Furthermore, in the previous meetings, the following agreements on DCI contents for time domain resource assignment (TDRA) field and frequency domain resource assignment (FDRA) field were made [2][3].
	Agreements:
· Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC

Agreements:
· For resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 URLLC, support the following modification compared to Rel-15: 
· A single configurable scheduling granularity applicable for both the starting point and length indication. 
· A new RRC parameter to configure the scheduling granularity



In this contribution, we provide our views on a DCI size budget/alignment and TDRA/FDRA field design for Rel-16 URLLC. 
2 [bookmark: OLE_LINK69]TDRA and FDRA Field Design
Further consideration on FDRA field design
It was agreed in the last RAN1#98 meeting to support type-1 resource allocation with single configurable granularity. In Rel-15, the similar type-1 resource allocation with more than 1 RB granularity (for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP with size of active DL BWP) is already defined in TS38.214. The difference is that the granularity is determined based on the number of PRBs in an active BWP and initial BWP in Rel-15, while the granularity is configured in Rel-16 URLLC. Basically, the specification efforts can be reduced by reusing the same UE behaviours in Rel-15. However, one consideration point is to align common PRB grid when grouping PRBs. The type-1 resource allocation with more than 1 RB granularity defined in Rel-15 does not consider the common PRB grid, i.e., Every K PRBs are grouped according to UE-specific RB index. In fact, in case of type-0 resource allocation, RBs are grouped into RBGs with considering PRB grid to multiplex different type-0 resource allocations. For better multiplexing Rel-15 UEs using type-0 resource allocation with Rel-16 URLLC UEs, RAN1 strives to align PRB grid. Therefore, we propose 
· [bookmark: _Hlk16857361]Proposal 1: For type-1 resource allocation with single configurable granularity, RBs should be grouped by considering PRB grid alignment. 

TDRA field design
In Rel-15, a reference of a starting symbol of PDSCH reception is the first symbol of a slot. To schedule different starting positions with same duration, a gNB should configure to a UE separate SLIVs which result in higher bit-size of the TDRA field. To reduce this overhead, it is proposed to change the reference from slot boundary to PDCCH symbol position (e.g. the starting symbol of PDCCH). By connecting the reference point with the detected PDCCH, it is expected to provide sufficiently high scheduling flexibility while keeping DCI overhead. Note that by changing the reference, there are possibilities to schedule a PDSCH reception across slot boundary. To keep common scheduling operation as in Rel-15, it should be avoided to schedule a PDSCH reception across slot boundary. One raised concern is how to construct semi-static HARQ-ACK codebook. However, it has not been agreed yet to support semi-static HARQ-ACK codebook. Therefore, this may be further discussed after deciding whether or not to support semi-static HARQ-ACK codebook.
One more consideration point is the case where the K0 is larger than 1 (i.e., cross-slot scheduling). For Rel-16 URLLC, a self-slot scheduling is preferred, but due to downlink channel occupancy, there are some use-cases to utilize cross- slot scheduling. In this case, it seems reasonable to use the first symbol of the indicated slot as a reference point. Therefore, we propose 
· Proposal 2: A reference of a starting symbol of PDSCH reception is the first symbol of the PDCCH scheduling the PDSCH reception if K0=0. Otherwise, A reference of a starting symbol of PDSCH reception is the first symbol of a slot. 
· A UE does not expect to be scheduled with PDSCH reception across slot boundary. 

3 DCI size budget and alignment
DCI size budget
The Rel-15 NR system may have the following 4 different sizes of DCI formats scrambled by C-RNTI:
1) Fallback DCI format (0_0, 1_0) in a common search space
2) Fallback DCI format (0_0, 1_0) in a UE-specific search space
3) Non-fallback DCI format scheduling PUSCH transmission (0_1)
4) Non-fallback DCI format scheduling PDSCH reception (1_1)
The Rel-15 NR system supports (3+1) DCI size budget, i.e., a UE can monitor up to 3 different sizes of DCI formats scrambled by C-RNTI and 1 size of DCI formats scrambled by other than C-RNTI. If the above four DCI formats have different sizes, then the size of 2) fallback DCI format (0_0, 1_0) in a UE-specific search space is aligned to that of 1) fallback DCI format (0_0, 1_0) in a common search space by excluding most significant bits of frequency domain resource assignment field. 
In Rel-16, it is agreed to introduce a new DCI format, where the field sizes can be configured. The following two different size of DCI formats can be considered:
5) URLLC DCI scheduling PUSCH (0_2)
6) URLLC DCI scheduling PDSCH (1_2)
Based on the agreements during the study item phase, new  DCIs can be less than 16 bits or larger than Rel-15 fallback DCI format 0_0/1_0. Further, it can be the same size of Rel-15 fallback DCI format 0_0/1_0. Also, a new configurable DCI size may depend on which PDSCH or PUSCH is scheduled. Because of such a full flexibility of DCI size, it may be problematic to decide the number of different DCI bit sizes in Rel-16. Obviously, a new DCI with different sizes results in higher UE decoding complexity for PDCCH blinding decoding. To maintain the same UE decoding complexity, the number of PDCCH candidates can be decreased but it causes a negative impact on PDCCH scheduling flexibility and blocking probability. Thus, in terms of UE’s PDCCH decoding complexity, it seems beneficial to keep the Rel-15 DCI size budget of 3 different sizes and make a rule to align the different DCI sizes if DCI size budget is violated. 
· Proposal 3: In order not to increase UE PDCCH decoding complexity, keep the Rel-15 DCI size budget of 3 different sizes of DCI formats scrambled by C-RNTI

DCI size alignment
[bookmark: _GoBack]To keep up to 3 different DCI sizes as in Rel-15, the DCI size alignment rule needs to be modified with minimal spec impact. The change of the DCI size alignment rule in Rel-16 may result in different DCI sizes with increased gNB’s complexity. Thus, it is preferred to keep the Rel-15 DCI size alignment rule unless a critical problem is identified. After applying the Rel-15 DCI size alignment rule, a UE may have up to 3 different DCI sizes. If there are 3 different DCI sizes, there is no budget for a new configurable DCI size so that the configurable DCI size should be aligned to one of the 3 DCI sizes. To align the DCI size, the UE first determines which DCI size is appropriate. For example, the new DCI size or format can be configurable to be aligned with Rel-15. Another option is to choose one DCI size without any configuration. In order to reduce the new configurable DCI size (equivalently increase higher reliability of the new configurable DCI), the UE can choose the DCI size which is the smallest DCI size among the DCI sizes being larger than the new configurable DCI size. 
· Proposal 4: We propose to keep the Rel-15 DCI size alignment rule in Rel-16 and align a new configurable DCI size to one of the Rel-15 DCI sizes if the DCI budget is exceeded.
· FFS: how to align the new configurable DCI size to one of the Rel-15 DCI sizes

DCI differentiation
 One question is how to distinguish between Rel-15 DCI formats (0_0, 0_1, 1_0, 1_1) and Rel-16 new configurable DCI formats (0_2, 1_2). If a new configurable DCI formats have different size of Rel-15 DCI formats, a UE can distinguish which format is a new configurable DCI format. However, due to keeping the DCI size budget, the differentiation by using DCI size may not a complete solution. There are two potential solutions to distinguish Rel-15 DCI format and Rel-16 DCI format. One is to configure different CORESETs or search spaces for Rel-15 DCI format and Rel-16 DCI format. However, this method not only restricts scheduling flexibility, especially for UEs with mixed eMBB and URLLC, but also increases the required number of #CCEs for PDCCH monitoring. Another option is to configure a new RNTI to Rel-16 URLLC e.g. URLLC-RNTI. The drawback of this option is to increase false alarm rate. By introducing virtual CRC (e.g. adding fixed values when padding is needed), the false alarm rate can be reduced under the limit 1E-6. 
· Proposal 5: Support that a new RNTI is configured to Rel-16 new configurable DCI formats. 

4 Conclusion
In this contribution, we discussed TDRA and FDRA field design and the DCI size budget/alignment rule. 
· Proposal 1: For type-1 resource allocation with single configurable granularity, RBs should be grouped by considering PRB grid alignment. 
· Proposal 2: A reference of a starting symbol of PDSCH reception is the first symbol of the PDCCH scheduling the PDSCH reception if K0=0. Otherwise, A reference of a starting symbol of PDSCH reception is the first symbol of a slot. 
· A UE does not expect to be scheduled with PDSCH reception across slot boundary. 
· Proposal 3: In order not to increase UE PDCCH decoding complexity, keep the Rel-15 DCI size budget of 3 different sizes of DCI formats scrambled by C-RNTI
· Proposal 4: We propose to keep the Rel-15 DCI size alignment rule in Rel-16 and align a new configurable DCI size to one of the Rel-15 DCI sizes if the DCI budget is exceeded.
· FFS: how to align configurable DCI sizes to one of the Rel-15 DCI sizes
· Proposal 5: Support that a new RNTI is configured to Rel-16 new configurable DCI formats. 
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