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1. Introduction
Two-stage control channel is discussed in our companion contribution [1], In this contribution, the benefits of two-stage downlink control structure including control resource offloading, link adaptation gain, reduction of blind decodings are evaluated.
2. Discussions
2.1. Control resource offloading
As mentioned in [1], two-stage DL control channel, minimum control information in the first-step DCI will be received at the minimized reserved resources for control channel (e.g. 1 or 2 symbols at the beginning of a slot). Other control information in the second-step DCI could be embedded in the data region and the capacity of the second-step DCI is not an issue at all. 
In order to evaluate the performance gain, a control resource set is assumed to contain 32 NR-CCEs per one OFDM symbol, the maximum number of OFDM symbols is assumed to be 3 (96 CCEs). The set of aggregation level (AL) is assumed to be {1,2,4,8}. For single-stage control channel, the AL for a NR-PDCCH is randomly generated for simplicity. For two-stage control channel, the occupied resource for the first-step control channel is assumed to be half of AL generated for single-stage control channel. The other half of the resources is for the second-step control channel, which is located within the data channel. An ideal channel is assumed, in which there is no errors for decoding the control channel and data channel.
The gain of average throughput over the average number of UEs per slot is given in Fig. 1, and the gain of average throughput is given by Eq. (1). 
	Gain of Aver. Throughput = - 1
	(1)


As shown in Fig. 1, the gain of average throughput is linearly increased with the average number of UEs per slot. The average number of UEs per slot denotes the total number of UEs per slot waiting for scheduling. The gain of average throughput increases with the reduction of control resource size when the average number of UEs per slot is given. It is because that the number of blocked NR-PDCCH is reduced for both single-stage and second-stage control channel, and the effect of the control resource offloading for two-stage control channel increases. The gain of average throughput is larger than 20% when the average number of UEs per slot equals to 10 and the control resource set contains 32 CCEs.
[image: ]
Figure 1. 
Observation 1: The system with two-stage control channel will achieve higher average throughput compared with that of single-stage control channel.
2.2. Link adaptation
Two-stage DL control channel especially that the second-step DL control channel is located at the data region is quite straightforward to reuse CSI feedback for data scheduling [1]. The performance gain can refer to the simulation results for EPDCCH design in [2]. Figure 2 to Figure 3 show the performance with the assumption of DCI format 2C with aggregation level 2 (2 CCEs for PDCCH in LTE), and with per RB CQI feedback and per 3RB CQI feedback respectively. 
It is can be seen from the Fig. 2 and Fig. 3 that there is 3dB gain and 0.6dB gain when the link adaptation is employed for the control channel. 
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Figure 2. 2×2 feedback granularity (1RB).          Figure 3. 2×2 feedback granularity (3RB).
Observation 2: A large link adaptation gain can be obtained by two-stage control channel.
2.3. Blind detection reduction
As mentioned in [1][3], the first-step DCI can be designed with a fixed payload size and will be used to indicate the payload size of the second-step DCI. Accordingly, the number of blind decodings for the first-step will be reduced due to the fixed payload size and the number of blind decodings for the second-step DCI is avoided. 
If the number of candidate resource is assumed the same as LTE, the resources for control channel can be 22 candidate resources, as shown in Table 1. Moreover, as mentioned in [3], the flexible configurations for different transmission parameters and dynamically scheduled between different RF bandwidths will further increase the complexity of blind decoding for single-stage due to large number of DCI formats. Referred to LTE, the number of payload sizes with a given system bandwidth is around 9. The set of bandwidths for dynamically changing can be assumed to be 2 (FFS). The total number of blind decodings for two-stage control channel and single-stage control channel is given by Table 2. 
Table 1 Candidate resource for PDCCH in LTE.
	Search space type
	Aggregation level
	Number of candidate resource

	USS
	1
	6

	
	2
	6

	
	4
	2

	
	8
	2

	CSS
	4
	4

	
	8
	2


As shown in Table 2, the number of blind decodings of two-stage control channel is 22, and the number of blind decodings for single-stage control channel is 396. The number of blind decodings is dramatically reduced when two-stage control channel is employed.
Table 2 Number of blind detections.
	
	Two-stage CCH
	Single-stage CCH

	Number of candidate resource
	22
	22

	Blind decodings per candidate resource
	1
	18

	Total number of blind decodings
	22
	396


Observation 3: NR DCI sizes will require dynamic variations of the field sizes, e.g. for resource allocation field (dynamic bandwidth adaptation) and transmission parameters (dynamic transmission scheme), which would lead to multifold increase of the number of blind detection if only single-stage DCI is supported by NR, while two-stage DCI allows not increasing or even decreasing the number of blind decodings compared to LTE.
Based on the observations above, we can come to the following proposal:
Proposal 1: Two-stage control channel structure should be supported in NR. 
3. Conclusions
Our observations and proposal in this contribution are summarized as follows.
Observation 1: The system with two-stage control channel will achieve higher average throughput compared with that of single-stage control channel.
Observation 2: A large link adaptation gain can be obtained by two-stage control channel.
Observation 3: NR DCI sizes will require dynamic variations of the field sizes, e.g. for resource allocation field (dynamic bandwidth adaptation) and transmission parameters (dynamic transmission scheme), which would lead to multifold increase of the number of blind detection if only single-stage DCI is supported by NR, while two-stage DCI allows not increasing or even decreasing the number of blind decodings compared to LTE.
Proposal 1: Two-stage control channel structure should be supported in NR. 
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