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1. Introduction
In 3GPP RAN1 #87 meeting, the following agreements regarding control resource set and search space were made. A control resource set is defined as a set of PRBs (in frequency domain) within which the UE attempts to blindly decode downlink control information. It is under discussion that whether NR-CCE can be mapped on both frequency and time-domain.
Agreements:
· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set

· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

In 3GPP RAN1 #87 meeting, the following agreements regarding search space were made. NR-PDCCH may contain search spaces similar to LTE common search space and LTE UE-specific search space and is obtain, respectively, from the initial access information and higher layer signaling.
Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling

· Other solution is not precluded
In this paper, we provide our views on the resource allocation and search space design for NR-PDCCH.


2. Considerations on NR-PDCCH resource allocation 
In this section, we consider the resource allocation for NR-PDCCH. When localized resource allocation is used, the spectral efficiency of the control channel can be improved by using techniques such as frequency-selective resource scheduling and beamforming/precoding if the feedback information is reliable. When the feedback information is unavailable or unreliable, a more robust scheme is required. Similar to LTE-PDCCH, the distributed resource allocation has robust performance due to the frequency diversity gain. 
Observation 1. NR-PDCCH should support both localized and distributed CCE resource allocation. 
In NR-PDCCH, the candidates of the transmission scheme are transmit diversity (e.g., SFBC) and beamforming (e.g., random beamforming). In order to support SFBC, the resource allocation should satisfy the constraint that no orphan resource element is assigned for a Downlink Control Indicator (DCI).
Observation 2. If SFBC is supported for NR-PDCCH, no orphan resource element should be assigned for a DCI.
In 3GPP RAN1 #87 meeting, it was agreed that a control resource set is scalable in frequency-domain and a PRB is the resource unit size for control channel. This implies NR-CCE can be mapped on frequency-domain. But it is under discussion that whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain. In our opinion, in order to take advantage of both time and frequency diversity gain, NR-CCE should be mapped on both frequency and time-domain.
Observation 3. To take advantage of both time and frequency diversity gain, NR-CCE should be mapped on both frequency and time-domain.
Furthermore, to have balanced performance for all CCEs in the case of distributed CCE resource allocation, each CCE should be allocated with similar time and frequency diversity gain
Observation 4. To have balanced performance for all CCEs in the case of distributed CCE resource allocation, each CCE should be allocated with similar time and frequency diversity gain.
Therefore, we have

Proposal 1. Following design principles are suggested for NR-PDCCH resource allocation 
· Support both localized and distributed CCE resource allocation.
· No orphan resource element should be left alone in a DCI if SFBC is supported.
· An NR-CCE should be mapped on both frequency and time-domain.
· Each CCE should be allocated with similar time and frequency diversity gain.
An example of NR-PDCCH resource allocation is illustrated in Figure 1. In this example, we assume the size of the control region is two OFDM symbols, and 1CCE consists of 36 REs. Both distributed and localized resource allocations are illustrated. For distributed resource allocation, granularity 2 and 6 are considered for frequency diversity.
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Figure 1 Examples of NR-PDCCH resource allocation


3. Search space design
In this section, we analysis the blocking rate of search space designs for NR control. In the simulation, two kinds of search space designs are considered: 1) localized search space and 2) distributed search space. Figure 2 illustrates the concept of localized and distributed search spaces for aggregation levels 1, 2, 4, 8.
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Figure 2 Localized and distritubed search space
Figure 3 shows the blocking rate for the case when an UE is assigned only one control resource set. In this simulation, we assume that the number of available CCEs ranges from 10 to 40. The probabilities of aggregation level 1, 2, 4, and 8 are, respectively, 0.56, 0.29, 0.12, and 0.03. These probabilities are obtained from field trial. Each UE is randomly assigned an aggregation level according to the above probabilities. RNTI is randomly generated for each UE to decide the starting position of the candidates. The numbers of candidates for aggregation level 1, 2, 4, and 8 are, respectively, 6, 6, 2, and 2. The CCE allocation is performed for UEs one by one in the order of their RNTIs.
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Figure 3 Blocking rate for one control resource set
From the results we can see that distributed search space provides lower blocking rate than localized search space when an UE is assigned one control resource set cases, and the gain is more obvious when the number of CCE is much larger than the number of UE. This is because search space for different UEs are overlapped easily, and the performance of distributed search space is similar to that of localized search space when the number of CCE is not large enough.
In 3GPP RAN1#87 meeting, it was agreed that an UE may have one or more control resource sets. In Figure 4, we compare the blocking rates of one and two control resource sets. The probabilities of aggregation level 1, 2, 4, and 8 are, respectively, 0.56, 0.29, 0.12, and 0.03. Each UE is randomly assigned an aggregation level according to the above probabilities. RNTI is randomly generated for each UE to decide the starting position of the candidates. The CCE is allocated in the order of UE index. For one control resource set, the number of CCE candidates for aggregation level 1, 2, 4, and 8 are, respectively, 6, 6, 2, and 2. For two control resource set, the numbers of CCEs and the number of candidates are shown in Table 1. The number of UEs ranges from 2 to 24.
	Number of CCEs
	Number of candidates for aggregation level [1,2,4,8]

	Control resource set 1
	Control resource set 2
	Control resource set 1
	Control resource set 2

	16
	16
	3,3,1,1
	3,3,1,1

	32
	16
	3,3,1,1
	3,3,1,1


Table 1 Setting for two control resoutce sets
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Figure 4 Blocking rates for two control resource sets
From the simulation results, we can see that for both localized and distributed search space using two control resource sets can provide lower blocking rate than using only one control resource set. The reason is that, with two control resource sets the gNB can allocate DCI to the second candidate set with different starting position if the DCI is blocked in the first candidate set. In this way, the system can achieve a better PDCCH resource utilization and thus a lower blocking rate.

Observation 5. Distributed search space can provide lower blocking rate than localized search space in both one and two control resource set cases. 
Observation 6. For both localized and distributed search space, two control resource sets provides lower blocking rate than one control resource rate.

Therefore, we have

Proposal 2. NR-PDCCH should support distributed search space and multiple control resource sets. 



4. Conclusion
From above discussion, we have
Observation 1. NR-PDCCH should support both localized and distributed CCE resource allocation. 
Observation 2. If SFBC is supported for NR-PDCCH, no orphan resource element should be assigned for a DCI.
Observation 3. To take advantage of both time and frequency diversity gain, NR-CCE should be mapped on both frequency and time-domain.
Observation 4. To have balanced performance for all CCEs in the case of distributed CCE resource allocation, each CCE should be allocated with similar time and frequency diversity gain.

Proposal 1. Following design principles are suggested for NR-PDCCH resource allocation 

· Support both localized and distributed CCE resource allocation.
· No orphan resource element should be left alone in a DCI if SFBC is supported.

· An NR-CCE should be mapped on both frequency and time-domain.
· Each CCE should be allocated with similar time and frequency diversity gain.
Observation 5. Distributed search space can provide lower blocking rate than localized search space in both one and two control resource set cases. 
Observation 6. For both localized and distributed search space, two control resource sets provides lower blocking rate than one control resource rate.

Therefore, we have

Proposal 2. NR-PDCCH should support distributed search space and multiple control resource sets. 
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