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1 Introduction
In LTE, multiple DCI formats are defined. Different DCI formats may have different payload sizes and support different functionalities. For example, DCI formats 0/4 are for UL grant, and DCI formats 1/1A/1B/1D/2/2A/2B/2C are for DL assignment, etc. Some information fields are basic and exist in each DCI format of the same category. Take DCI formats for DL assignment as example, each format consists of resource allocation information, MCS, new data indicator (NDI), and MIMO related information, etc. These basic information fields are necessary for PDSCH scheduling.

In NR, the above basic information fields are also required to support data transmission. Except the basic information, more fields in DCI contents are needed to support various and diverse features. In this paper, we focus on the discussion of possible new DCI contents for UE-specific DCI.
2 New DCI contents and related format design
2.1 New DCI contents
In this work, we focus on the discussion of two possible DCI contents. One is the starting/ending OFDM symbol of PDSCH, and another one is the information field for carrier aggregation (CA) with cross-carrier scheduling.

1)  Starting/ending OFDM symbols of PDSCH

Unlike the PDCCH structure in LTE, there is no fixed control region in the whole band for NR. In current design, an UE can be configured to monitor K control resource sets (CORESET), where K is FFS. And it is not required to have the same duration for all CORESETs in the same time. Hence, the PDSCH starting OFDM symbols may be changed in different PRBs or subbands. If the unused resources in CORESET can be shared with PDSCH transmission, then the PDSCH starting OFDM symbols are also required to increase the efficiency of resource sharing and let UE know which resources in CORESETs are used to transmit data. The detail of how to use this field in DCI to do resource sharing can refer to our companion paper [1].
2)  Information field for CA with cross-carrier scheduling
In LTE, the cross-carrier scheduling is activated via RRC configuration. This feature allows PDSCH or PUSCH to be transmitted in the component carrier (CC) which is not the one carries associated PDCCH. One of scenarios for cross-carrier scheduling usage is in heterogeneous network to support inter-cell interference coordination. For example, assume one macro cell and one small cell within the same network are deployed on the same carrier frequencies, e.g., CC #1 and CC #2. The macro cell transmits data with high power while the small cell transmits data with low power. If the macro cell transmits PDCCH on CC #1, then it is better for the small cell to transmit PDCCHs of CC #1 and CC #2 both on CC #2 to prevent the significant interference from the macro cell in CC #1. In [2], our companion paper illustrates more benefits of supporting cross-carrier scheduling in NR. And the detail of procedure of using cross-carrier scheduling in NR can also be found. The basic concept is to use DCI aggregation in cross-carrier scheduling. Instead of transmitting multiple PDCCHs individually, the multiple PDCCHs intended for the same UE can be aggregated and transmitted together. Simulation results for DCI aggregation are provided in [2]. In summary, the gain is from the reduction of CRC overhead and better coding gain. Also, from the perspective of receiver complexity, the DCI aggregation can reduce the blind decoding number if it is properly designed.

In LTE, a carrier indicator field (CIF) is carried on PDCCH when the cross-carrier scheduling is enabled. With the aid of CIF, an UE can know the DCI is associated to which CC. This field can be preserved in NR. Different from the CIF in LTE, the CIF in NR can be designed as a bit map to indicate which CCs in the active set are scheduled. Only one CIF is appended to the aggregated DCI.

Other than the CIF, a known sequence with X (X ≥ 0) bits can be added to the DCI contents. The purpose of a known sequence is to keep the whole payload size of aggregated DCI equal to the payload size which is configured by gNB. In this way, a large number of blind decoding can be saved, and helps to reduce the complexity at UE. For example, the network signals a set of possible payload sizes, then an UE should simply do blind decoding based on the payload sizes in the set.
According to above discussions, we have

Proposal #1: The DCI contents include the starting/ending OFDM symbols of PDSCH.
Proposal #2: If the cross-carrier scheduling is supported in CA, the DCI contents comprise
· Carrier indicator field. This field is a bit map to indicate which CCs in active set are scheduled.

· A known sequence with X bits, where X ≥ 0. 
2.2 DCI format design for cross-carrier scheduling in CA
In this section, we describe the design of DCI format to support DCI aggregation in cross-carrier scheduling. This format can also be extended and applied to other applications with DCI aggregation. Two options are listed as follows.
· Option #1
The format is illustrated in Figure 2. In Figure 2, two DCIs are aggregated as example.
In this option, multiple DCIs are cascaded directly. As described in Section 2.1, one CIF is appended to the front of aggregated DCI to indicate which set of CCs the DCI is mapped. For instance, when the DCIs of four active CCs are allocated to a CC, the CIF “1010” points out the aggregated DCI corresponds to the first and the third CCs. Then, an UE can interpret the received DCI is a single DCI or an aggregated DCI by counting the number of “1” in the CIF.
With the aim of reducing the PDCCH blind decoding complexity for an UE, the DCIs which are aggregated can have some common property. For example, DCIs can be aggregated only when they have the same format or their formats are all in a predefined set of DCI formats, e.g., DCIs are aggregated when their corresponding transmission modes (TM) are not fall-back mode (DCI format 1A in LTE).
It is expected the number of blind decoding for all combinations of scheduled CCs grows exponentially with the number of cross-carrier scheduled CCs. This leads to high UE complexity. To solve this problem, the number of potential DCI payload sizes blindly decoded by UE should be limited. For example, the gNB can configure a set of potential DCI payload sizes for an UE by higher layer signalling. The UE can do blind decoding based on the configured potential DCI payload sizes. In this way, the blind decoding complexity can be decreased significantly. To make an aggregated DCI to have a payload size in the configured payload size set, gNB may need to add several additional bits, e.g., the known sequence field in Figure 2, to the DCI. This appended known sequence can also help to enhance the PDCCH error checking capability.
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Figure 2. Illustration of DCI format in Option 1

· Option #2
The format is illustrated in Figure 3. In Figure 3, two DCIs are aggregated as example.
The CIF is the same as that of Option #1. Unlike Option #1, there is no scheduling restriction here. The gNB has higher flexibility in aggregating multiple DCIs. Each DCI has an individual CRC. The CRC helps the UE decompose the aggregated DCI to multiple individual DCIs. For example, assume the lengths of DCIs of the 1st DCI to the Nth DCI are n1, n2, …, and nN, respectively. The CRC error checking at the N DCIs can pass only when the UE gets correct values for n1, n2, …, and nN.
Similar as in Option #1, the gNB can configure a set of potential DCI payload sizes for an UE, and the UE can do blind decoding based on the configured payload sizes such that the number of blind decoding hypotheses can be reduced significantly. In this case, additional known sequence with X-bits (X ≥ 0) can be appended to the aggregated DCI to yield a DCI size in the configured set of DCI payload size.
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Figure 3. Illustration of DCI format in Option 2
3 Conclusions

In NR, for supporting various features and diverse services, it is expected more information fields will be added in DCI contents. In this work, we discuss the possible new DCI contents for UE-specific DCI. One is timing information related to resource allocation, and another one is the required information field for cross-carrier scheduling in carrier aggregation in NR. Moreover, we provide the corresponding DCI format design for supporting DCI aggregation in cross-carrier scheduling. Based on the above discussions, we have following proposals 
Proposal #1: The DCI contents include the starting/ending OFDM symbols of PDSCH.

Proposal #2: If the cross-carrier scheduling is supported in CA, the DCI contents comprise

· Carrier indicator field. This field is a bit map to indicate which CCs in active set are scheduled.

· A known sequence with X bits, where X ≥ 0. 
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