[bookmark: _Hlk1147373]3GPP TSG RAN WG1 #96bis			R1- 1905430
Xi’an, China, 8th – 12th April, 2019

Source:	WILUS Inc.
Title:	On DCI enhancement for NR URLLC
Agenda item:	7.2.6.1
Document for:	Discussion/Decision 

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) 
· [bookmark: _GoBack]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.
In this contribution, we provide our views on a DCI size budget and alignment for Rel-16 URLLC. 

2 [bookmark: OLE_LINK69]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, a new (compact) DCI size can be introduced, where the field sizes can be configured. The following two different size of DCI formats can be considered:
5) Compact DCI scheduling PUSCH (0_2)
6) Compact DCI scheduling PDSCH (1_2)
Based on the agreements during the study item phase, new (compact) DCIs can be less than 16 bits relative to Rel-15 fallback DCI format 0_0/1_0 and can be larger than Rel-15 fallback DCI format 0_0/1_0. Even, it can be the same size of Rel-15 fallback DCI format 0_0/1_0. Also, a new compact DCI size may depend on which PDSCH is scheduled or PUSCH is scheduled. Because of such a full flexibility of DCI size, it may be critical problem to decide on the number of different DCI sizes supported in Rel-16. Obviously, a new DCI with different sizes results in higher UE decoding complexity for PDCCH blinding decoding. To maintain the UE decoding complexity, the number of PDCCH candidates can be decreased but it has 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 1: 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
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. If the DCI size alignment rule in Rel-15 is changed for Rel-16, it results in different DCI sizes between Rel-15 UEs and Rel-16 UEs, which increases 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 compact DCI size so that the compact 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 DCI size to be aligned can be configured or the DCI format to be aligned can be configured. Another option is to choose one DCI size without any configuration. In order to reduce the compact DCI size (equivalently increase higher reliability of the compact DCI), the UE can choose the DCI size which is the smallest DCI size among the DCI sizes being larger than the compact DCI size. 
· Proposal 2: We propose to keep the Rel-15 DCI size alignment rule in Rel-16 and align compact DCI size to one of the Rel-15 DCI sizes if the DCI budget is exceeded.
· FFS: how to align compact DCI size to one of the Rel-15 DCI sizes

3 Conclusion
In this contribution, we discussed the DCI size budget and DCI alignment rule. 
· Proposal 1: 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 2: We propose to keep the Rel-15 DCI size alignment rule in Rel-16 and align compact DCI size to one of the Rel-15 DCI sizes if the DCI budget is exceeded.
· FFS: how to align compact DCI sizes to one of the Rel-15 DCI sizes
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