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1 Introduction
In this paper, we provide our views on the DCI format design requirements firstly. The requirements include
· Good forward compatibility for NR future releases
· Efficient resource utilization for PDCCH transmission
· Low complexity for UE blind decoding

In Sections 2.2 and 2.3, we further discuss the alternatives for achieving the goals listed above.

2 Discussions
2.1 Design requirements for DCI format
In LTE, a large number of DCI formats are defined for different functionalities. For example, the DCI formats 0/4 are used to transmit the UL grants while the DCI formats 1/1A/1B/1D/2/2A/2B/2C/2D are used to support the DL assignments. The DCI formats 0 and 1A have the same payload size. They are differentiated by a flag in DCI content. Except DCI formats 0 and 1A, the DCI payload sizes of other DCI formats are different. One of the benefit of having various DCI lengths for formats is the better resource utilization. The DCI is transmitted without redundancy bits (or padding bits). But, this may lead to the poor forward compatibility in the future releases. Because the DCI format and its payload size are highly dependent on the transmission mode, it is difficult to introduce new features (or DCI formats) in future releases. 

To blindly decode the UE-specific DCIs, the LTE UE monitors DCI formats 1A, 2x and 4 at the same time. Which the DCI format 2x (2/2A/2B/2C/2D) is monitored depends on the transmission mode. The number of blind decoding (BD) for the UE-specific DCIs equals to 48 (=3*16), where 3 and 16 are the DCI format number and PDCCH candidate number, respectively. In NR, many discussions in PDCCH strive for the reduction of BD complexity, e.g., nested structure of search space, therefore, the DCI format design should also take the BD complexity into consideration. The decrease of BD number can help to relax the UE processing latency in PDCCH decoding and also save the UE power. In the RAN1 #90 meeting, there was a working assumption regarding to the maximum number of PDCCH BD as follows. To meet the X value in the working assumption, the number of monitored DCI size at one time instance should be restricted.

Working assumptions: 
In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X

· The value of X does not exceed 44
· FFS the exact value of X

· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams

· FFS for non-slot based scheduling

· FFS numerology specific X

Based on the discussions, NR should at least consider the following aspects for good DCI format design.

· Forward compatibility for future release

· Efficiency of resource utilization for PDCCH transmission

· The complexity of UE blind decoding
In Sections 2.2 and 2.3, we further provide our views on the methods of achieving above requirements.
Observation #1: In NR, the design of DCI format should consider the following aspects.

· Forward compatibility for future release

· Efficiency of resource utilization for PDCCH transmission

· The complexity of UE blind decoding
2.2 Configurable DCI contents
In [2], the DCI contents were provided as a starting point of discussion. In this paper, the DL-related information in [2] are captured in Table 1 for better explanation. Generally, the DCI contents can be classified as follows. One is the mandatory part, and the other one is the optional part.

· Mandatory part:

· For example, the frequency/time domain PDSCH resources and MCS belong to this category.

· The contents exist not only in every DCI format but also in every PDCCH transmission. 

· Optional part: 

· For example, the carrier indicator and PDSCH/PDCCH resource sharing are included in this category.

· The contents in this category are feature dependency.
Table 1. DCI contents for DL assignment [2]
	Field
	Information

	Resource info
	Carrier indicator

	
	Frequency-domain PDSCH resources - PRBs

	
	Time domain PDSCH resources

	
	PDSCH/PDCCH resource sharing

	
	Bundling size

	MCS
	MCS

	CBG and HARQ-related info
	New data indicator

	
	Redundancy version

	
	HARQ process number.

	
	CBGFI (flushing indicator)

	
	CBGTI

	PUCCH-related
	PUCCH power control

	
	PUCCH resource indicator

	Multi-antenna related information
	Antenna port(s)

	
	number of layers

	
	QCL indication

	SRS-related information
	SRS triggering request

	RNTI
	RNTI


Compared with LTE, both of the mandatory and optional parts in NR are expected to include more contents in order to support a lot of various and diverse features and services. When the DCI payload size is large, the PDCCH coverage or performance may be restricted. Additionally, the DCI contents in the optional part are not always required. For example, the CBGFI and CBGTI are not required when the CBG-based retransmission is not configured. Therefore, it is not efficient to always have every optional information field in the DCI content. One of the easiest way to solve the problem is to support configurable DCI contents to reduce the payload size. The existence and absence of some optional information fields can be signalled to the UE through the RRC configuration. Based on the signalling, the UE can infer the length of the transmitted DCI format. With the aid of DCI contents configurability, the DCI payload size can be reduced effectively. As well, this will help to improve the PDCCH coverage or increase the resource utilization.
As a result, we propose
Proposal #1: NR supports the configurability of DCI contents.
2.3 Configurable DCI monitoring size for UE-specific DCI
As discussed in Section 2.1, the drawback of LTE DCI format is the poor forward compatibility in future releases. Consequently, NR should support the configurability of DCI monitoring size. The gNB can configure a set of possible payload sizes to an UE, then the UE simply do BD based on the payload sizes in the set instead of following the length of DCI format. Since the monitored DCI size is not highly related to the DCI format, it is easier to introduce new features in the future. Except the better forward compatibility, this also helps to save a large number of BD. The number of BD can be reduced by decreasing the number of configured payload size.
In LTE, the UE always monitors two DCI formats (or sizes) at one time instance for UE-specific DCI. One DCI format is for the fallback mode, and the other one is for the non-fallback mode. In our view, the similar mechanism should be applied in NR. The fallback DCI can be used during the DCI field reconfiguration or bad channel condition. Otherwise, the non-fallback DCI is used. Similar as the DCI format 1A in LTE, the payload size of fallback DCI should be kept small and fixed. The DCI monitoring size configurability is only applied to the non-fallback DCI monitoring.
In order to have aligned size for different DCI formats, e.g., UL grant and DL assignment, the gNB can attach a known sequence with X bits to the DCI contents. The purpose of the attached sequence is to keep the whole length equal to the payload size configured by the gNB. Moreover, a format indicator can also be attached to the DCI contents such that the different DCI formats can be differentiated. The DCI structure is depicted in Figure 1. Except the format indicator, the RNTI can be used for DCI format differentiation as well. If the fallback DCI has the same size as which of common DCIs, the UE can separate different DCIs through the RNTI.
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Figure 1. Illustration of DCI structure

As proposed in Section 2.1, the resource utilization is also an important requirement for DCI format design. To have efficient resource utilization, the monitoring DCI payload size needs to be designed carefully. For example, we assume there are 5 DCI payload sizes X1~X5 configured by gNB. The gNB may select one of them which is closest to the size of transmitted DCI format. And the selected Xy should not be smaller than the size of transmitted DCI format. If the granularity of X1~X5 is big, the gNB may require to add a large number of padding bits to fit the configured payload size. This will lead to inefficient resource utilization. As a result, the granularity should be designed carefully.

Based on the discussions, we have proposals:

Proposal #2: At most 2 DCI sizes are monitored by an UE for UE-specific PDCCH at the same time instance.

Proposal#3: NR supports configurability of DCI monitoring size at least for UE-specific DCI in non-fallback mode.
3 Conclusions

In this paper, we discuss the design requirements for the DCI format and have the observation.
Observation #1: In NR, the design of DCI format should consider the following aspects.

· Forward compatibility for future release

· Efficiency of resource utilization for PDCCH transmission

· The complexity of UE blind decoding
We further discuss the methods to meet the design requirements and have proposals as follows.

Proposal #1: NR supports the configurability of DCI contents.
Proposal #2: At most 2 DCI sizes are monitored by an UE for UE-specific PDCCH at the same time instance.

Proposal#3: NR supports configurability of DCI monitoring size at least for UE-specific DCI in non-fallback mode.
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