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1 Introduction

On RAN #83, a WI [1] was approved for NR URLLC and one objective is: 

· 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) 

Basically, this objective includes two sub-objectives, one is to reduce the DCI payload size for reliability reason, and another is to add some new fields for flexibility reason. Our understanding is that these two sub-objectives are not necessarily demanded simultaneously, for instance, flexibility is expected only when reliability is not concerned.   

In this contribution, a revision of R1-1909413, we discuss how multiple DCI formats can be supported with UE complexity considered. 
2 Discussion
2.1
New DCI format
On RAN1 #98 meeting, following agreements were achieved for a new DCI format for URLLC scheduling. 

Agreements:
· Introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields in Rel-16.

Size of FDRA (Frequency domain resource assignment) is being considered to be reduced and currently, there are two options under consideration.  
Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication;

Option 2: Separate configurable starting point granularity and length indication granularity.

The one which can assign resources more precisely should be selected. Here we use an example to compare efficiencies of both options. Assuming a BWP of 100 RBs, a granularity of 4 RBs for both the starting point and length indication is configured for option 1, and it is not difficult to calculate that FDRA needs 9 bits. 
9 = ceil(log2(100/4+1)*100/4/2)
For the same BWP of 100 RBs, a granularity of 2 RBs is configured for the starting point and a different granularity of 8 RBs is configured for the length indication for option 2, and it can be calculated that FDRA needs 9 bits too. There are totally 314 different combinations of starting point and length indication. 
Checking the figure below, it can be observed that option 1 may have 0, 1, 2 or 3 RBs over assigned before the starting point or after the stopping point, and in average there will be 3 RBs (=(0+1+2+3)/4*2) wasted with option 1. Note that RBs between the starting point and the stopping point are the exact amount needed ideally. 
For option 2, both the starting point and the stopping point are adjustable in steps of 2 RBs, the number of over assigned RBs is 0 or 1 at both ends, which means in average 1 RB (=(0+1)/2*2)  is wasted. Obviously option 2 is more efficient. 
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Proposal 1: it is proposed for FDRA to support option 2. 
Size of MCS is being considered to be reduced. Following options can be found in the feature leader’s summary. 
Option 1: Configurable size for the MCS field for the DCI scheduling Rel-16 URLLC

· Alt 1: by configuring an anchoring index and the number of bits in the DCI

· Alt 2: Configurable MCS table size and the entries

· Alt.3: limiting the number of rows to be indicated

Option 2: No change compared to Rel-15 DCI

Basically, if the MCS size is too small, the gNB may not have enough flexibility for the channel adaptation so the overall efficiency may be impacted, but if it is too big, the MCS size can hardly be reduced. For DL DCI, the used AL is highly correlated to the DL channel quality, so it is possible to use the AL to narrow down the MCS range. We prefer the option 1 Alt 1 but with the anchoring index AL determined. 
Proposal 2: it is proposed for MCS to support option 1 Alt 1 but with the anchoring index AL determined. 
2.2
Considerations for the new DCI format
As mentioned above, this new DCI format for Rel-16 URLLC scheduling needs to be designed with two sub-objectives taken into consideration. 

The reason to reduce the DCI size is to reduce the PDCCH blocking rate, and additionally, the link performance can also be slightly improved (0.5 ~ 1.0dB). PDCCH blocking happens for a UE when no control resource available for PDCCH and the reason could be either other UEs use too many resources or this UE requires too many resources. So the sub-objective of reduction of 10~16 bits may only be demanded when the cell PDCCH load is high or the channel quality of a UE is bad (high AL must be used).

It was also discussed that some new information fields which are not in the fallback DCI could be included in the DCI for Rel-16 URLLC scheduling to improve the scheduling flexibility. As a result, the DCI size may be increased to even bigger than the fallback DCI size. 

Our understanding is that the DCI format with many fields is always preferred for better scheduling flexibility except when PDCCH blocking may happen, which means the gNB should be able to flexibly select between a format with minimum size and another format with maximum size. The fallback DCI is no longer needed when the format with minimum size is supported as it is more reliable than the fallback DCI, and similarly, the non-fallback DCI is not necessary when the format with maximum size is supported. A mechanism similar as the one between fallback and non-fallback DCIs can be used between the minimum size DCI and maximum size DCI, and the gNB uses the maximum size DCI when there is no PDCCH blocking concern and falls back to the minimum size DCI when there is. PDCCH blocking can be predicted by jointly considering the cell PDCCH load level and the UE specific link performance.  

Once a connection is set up for a URLLC service, information fields of the DCI(s) and the corresponding details are configured, and the DCI size can be obtained by adding up all fields together. If the new URLLC DCI format has the minimum size, the UE can monitor the URLLC DCI and the non-fall back DCI, and if the new URLLC DCI format has the maximum size, the UE can monitor the fall back DCI and the URLLC DCI. 
Proposal 3: it is proposed for the new URLLC DCI to be monitored together with either a fallback or non-fallback DCI. 
2.3
DCI size budget
The DCI with minimum size cannot be aligned with the fallback DCI as it is much smaller. The DCI with maximum size can be aligned in size with the non-fallback DCI. As a result, the DCI size budget at least needs to be enhanced from “3+1” to “4+1”. This should be acceptable as UE is expected to be more powerful in Rel-16. 
When eMBB and URLLC services are running simultaneously for a UE, it can be considered to use separate DCI formats for both type of services, but since their sizes are aligned, the number of BDs/CCEs is not increased. Several proposals were discussed about how to differentiate two DCI formats, and we slightly prefer to use different RNTIs as the increased false alarm rate seems insignificant. 
Proposal 4: it is proposed to enhance the UE DCI size budget to at least “4+1” for Rel-16 URLLC transmission. 
3 Conclusion
In this contribution, the objective of PDCCH enhancement is analyzed and enhancements are discussed and proposed for consideration. 
Based on above discussions, we have the following proposals: 

Proposal 1: it is proposed for FDRA to support option 2. 
Proposal 2: it is proposed for MCS to support option 1 Alt 1 but with the anchoring index AL determined. 
Proposal 3: it is proposed for the new URLLC DCI to be monitored together with either a fallback or non-fallback DCI. 
Proposal 4: it is proposed to enhance the UE DCI size budget to at least “4+1” for Rel-16 URLLC transmission. 
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