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1. Introduction
In this contribution, the idea of DCI aggregation is discussed. DCI aggregation means the scheduling information for multiple transmissions are aggregated, jointly coded and transmitted. Obviously, the benefit of DCI aggregation includes CRC overhead reduction. It will be shown in the contribution that an additional advantage of channel coding enhancement is available when the polar code is used. The mechanism to enable DCI aggregation is also discussed. 

2. Support of DCI aggregation
2.1 
CRC overhead reduction

In LTE, each PDCCH carries a single DCI. When multiple UEs are scheduled simultaneously in a TTI, each scheduling message is enclosed in a DCI and transmitted on a separate PDCCH. This single DCI transmission has some disadvantages. For example, each DCI is protected by a 16-bit CRC separately, and the CRC overhead is not negligible compared with the DCI payload size (a 20- to 40-bit DCI is quite typical). 
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Figure 1. An example of DCI aggregation

The CRC overhead can be reduced if multiple DCIs are aggregated and protected altogether by a CRC. Figure 1 illustrates an example of DCI aggregation. UEs are divided into groups, and each group has a group identity. For a UE, the identity of the group it belongs to can be signalled by the RRC layer. As shown in the figure, the scheduling information is aggregated and appended by the knowledge regarding to which UE the scheduling information is intended. The CRC parity bits calculated from the aggregated DCI is scrambled by the group identity known to both receivers. The aggregated DCI along with the CRC are passed to the PDCCH channel encoder.

Observation 1: DCI aggregation has the benefit of CRC overhead reduction.
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Figure 2. Examples of candidate TTIs of single-DCI and aggregated DCI
To enjoy both of the benefits of CRC overhead reduction owing to DCI aggregation and the scheduling flexibility from single-DCI, the network should be allowed to choose the favourable one based on the environments. We can use the RRC-layer signaling to configure a UE to monitor aggregated DCI. When a UE is configured to monitor aggregated DCI, it blindly detects both single-DCI and the aggregated DCI. The candidate TTIs of single-DCI and aggregated DCI can be orthogonal, partially overlapped or fully overlapped. Figure 2 gives two examples for candidate TTIs of single-DCI and aggregated DCI. Like in LTE, single-DCI includes the unicast DCI located in the UE specific search space and the broadcast/multicast DCI positioned in the common search space. In Example #1, the UE monitors broadcast/multicast DCI, unicast DCI and aggregated DCI in each TTI; in Example #2, the UE monitors broadcast/multicast DCI every fourth TTI, unicast DCI every TTI and aggregated DCI every second TTI. 

Proposal 1: RRC-layer signaling is used to configure a UE to monitor aggregated DCI.
Proposal 2: When configured to monitor aggregated DCI, the UE monitors both single-DCI and aggregated DCI.
Proposal 3: The candidate positions of single-DCI and aggregated DCI can be orthogonal, partially overlapped or fully overlapped.
2.2 
Channel coding gain enhancement
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Figure 3. The required SNR for polar code and TBCC to achieve 1% BLER w.r.t. the information block length

In addition to the benefit of CRC reduction, doing DCI aggregation in NR-PDCCH has another advantage that the coding gain is larger than the situation when without DCI aggregation. This is because the polar code has the property that the coding gain is proportional to the length of the information block. Figure 3 shows the performance of the polar code and TBCC w.r.t. the length of the information block. The vertical axis of the figure is the required SNR to achieve 1% BLER in an AWGN channel, and the horizontal axis is the information block length. It is seen, for TBCC, the required SNR to achieve 1% BLER ceases to decrease when the size of the information block reaches a certain value, whereas the curve for the polar code keeps dropping with the increase of the information block length. Therefore, we can see the coding gain of the polar code grows with the information block size. 
Observation 2: DCI aggregation in NR-PDCCH has the benefit of channel coding gain enhancement. 
Up to now, by Observations 1 and 2, we have demonstrated the DCI aggregation shown in Figure 1 has the benefits of CRC overhead reduction and channel coding gain enhancement. However, it relies on UE grouping, and the scheduling is less flexible. To alleviate the shortcoming of less scheduling flexibility, we give another DCI aggregation design below. 
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Figure 4. An example of DCI aggregation

Consider the common search space in LTE. Assume the network sends two formats 1A using aggregation level 4 (i.e., 4 CCEs) for both. Figure 4 depicts an example of DCI aggregation. The payloads of two formats 1A together with their CRCs are jointly encoded, rate matched and transmitted by 8 CCEs. Compared with sending two DCIs separately using single-DCI, the DCI aggregation shown in Figure 4 consumes the same amount of time-frequency resource (i.e., 8 CCEs). However, the coding gain is larger when DCI aggregation is used. This is because the single-DCI transmission has 2 information blocks while the DCI aggregation has only 1 information block; therefore the information block size with DCI aggregation is larger. More details and results on the performance enhancement of the polar code by DCI aggregation can be found in [1]. 
3. Conclusion
In this contribution, the idea of DCI aggregation was discussed. DCI aggregation means the scheduling information for multiple transmissions are aggregated, jointly coded and transmitted. The benefits of DCI aggregation include CRC overhead reduction and the channel coding enhancement. However, DCI aggregation may rely on UE grouping, and the scheduling becomes less flexible. To enjoy both benefits of CRC overhead reduction owing to DCI aggregation as well as scheduling flexibility of single-DCI, the RRC-layer signaling can be used to configure a UE to monitor both single-DCI and the aggregated DCI. The candidate positions of single-DCI and aggregated DCI can be overlapped or not. 
Based on the discussion in the contribution, the following observations and proposals were made.
Observation 1: DCI aggregation has the benefit of CRC overhead reduction.
Observation 2: DCI aggregation in NR-PDCCH has the benefit of channel coding gain enhancement. 

Proposal 1: RRC-layer signaling is used to configure a UE to monitor aggregated DCI.
Proposal 2: When configured to monitor aggregated DCI, the UE monitors both single-DCI and aggregated DCI.
Proposal 3: The candidate positions of single-DCI and aggregated DCI can be orthogonal, partially overlapped or fully overlapped.
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