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Introduction
[bookmark: _Ref129681832]In the RAN1#86bis meeting, L1/L2 control channel design was discussed and the following agreements were achieved [1]:
For the frequency-domain aspects:
· A UE monitors for downlink control information in one or more “control subband”
· This does not preclude that UE may receive additional control information elsewhere within or outside the control subband in the same or different OFDM symbol(s)
· FFS: One DCI message is transmitted within one control subband.
· A “control subband” is smaller than or equal to the carrier bandwidth (up to a certain limit)
· FFS if a “control subband” is non-contiguous and/or contiguous in the frequency domain.  
· A “control subband” consists of an integer number of RBs/PRBs in the frequency domain
· FFS: multiplexing of multiple control channels in a subband
 NR should support at least the following.
· In frequency-domain, a PRB (or a multiple of PRBs) is the resource unit size (may or may not including DM-RS) for control channel
· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
· FFS: whether a PRB or a multiple PRBs is the resource unit size
· FFS: If multiple PRBs is the resource unit size, the multiple PRBs are contiguous
· FFS: whether the resource unit size for a DL control channel is called as NR-REG or not
In this contribution, the time-frequency resource configurations for DL control channels are discussed. 
Discussion
Definition of control subband
In one carrier, there will be at least one control subband with predefined numerology to facilitate initial access of all UEs, e.g. scheduling of SIBx, etc messages. Since UEs may have different capability, the bandwidth of control subband should be the minimum one of all possible bandwidth supported by UEs. Since the 5MHz or 20MHz is assumed as the maximum bandwidth containing NR-PSS/SSS/PBCH [1] for initial access, the control subband should also no larger than 5MHz or 20MHz and can be located within the same bandwidth containing NR-PSS/SSS/PBCH. 
In time domain, 1 or 2 OFDM symbols will be preferred. Since there will be 7 OFDM symbols in one slot, it will reach to 43% overhead when the system still keeps 3 OFDM symbols for control. If it compares with LTE, it is much larger than 21% overhead (3 OFDM symbols in one subframe). Therefore, only a relatively small number of OFDM symbols should be used for control channel, e.g. 1 or 2 OFDM symbols with 14% and 28% overhead, at the same time, 2 OFDM symbols for control can be supported in order to increase control capacity and coverage if needed. 
Proposal 1: A basic control subband with predefined numerology should be supported to facilitate initial access
· In frequency domain, the bandwidth should be no larger than 5MHz or 20MHz;
· In time domain, 1 or 2 OFDM symbols should be supported.
In order to achieve a much flexible use of resources on-demand and reduce the control overhead, the flexible configuration of the control region should be supported either in time domain and/or frequency domain.  Other than a predefined control subband, an extended region for control channel should be also included. In frequency domain, the extended region will contain multiple control subbands, which can be indicated dynamically and/or semi-statically. An example is shown in Fig. 1. The extended region can be indicated by DCI in a previous slot.


[bookmark: _Ref465851986]Fig. 1 Illustration of control subband and extended control region.
Proposal 2: An extended control region can contain one or integer number of control subband and can be configured semi-statically and/or dynamically.
Definition of NR-CCE
In LTE, CCE is the minimum resource unit for one control channel, and total 36 REs is contained in one CCE. As mentioned in the introduction, the NR-CCE includes a positive integer number of PRBs. If the control subband contains only one OFDM symbol, one NR-CCE will contain 3 PRBs in frequency domain when the number of REs is the same as one CCE in LTE. In order to facilitate beam-based transmission, the RS will be further contained within NR-CCE. Therefore, 4 PRBs will be contained in one NR-CCE. On the other hand, hierarchical control channel structure is proposed in our companion contribution [2]. Only parts of DCI will be transmitted in level-1/level-2 DCI and link adaptation can be achieved in Level-2 DCI. The number of PRBs for one NR-CCE may be further reduced for hierarchical control channel structure. 
Proposal 3: If a control subband only contains one OFDM symbol, one NR-CCE will contain at most 4 PRBs in frequency domain. 
Moreover, the definition of NR-REG is also needed as a basic unit to construct one NR-CCE. In order to obtain the frequency diversity gain, NR-REG will be distributed across the control subband. In time domain, one NR-REG may contain one or two OFDM symbols as shown in Fig. 2. If NR-REG only contains one OFDM symbols, limited number of RS will degrade the quality of channel estimation since it is hard to share DMRS among distributed NR-REGs. If the number of RS is increased within one NR-REG, the available REs for control channel will be reduced. In order to increase the quality of channel estimation, the structure with two OFDM symbols is shown in Fig. 2(b). Moreover, when the channel estimation is not a problem, the structure with two OFDM symbols can also be used to reduce the RS overhead as shown in Fig. 2(c).
In order to keep same resource of one NR-CCE, the number of NR-REGs with different structures is different. For example, if one NR-CCE contains 48 REs, 4 NR-REGs with one OFDM symbols will be contained in one NR-CCE, and 2 NR-REGs with two OFDM symbols will be contained in one NR-CCE.


[bookmark: _Ref465850160]Fig. 2 Examples for NR-REG.
Proposal 4: NR-REG should be defined as a basic resource unit for NR-CCE. 
· In frequency domain, the size of NR-REG contains one PRB;
· In time domain, the size of NR-REG contains one or two OFDM symbols.
Resource mapping of control channel
A control subband will be mapped to multiple continuous PRBs or multiple separated PRBs in frequency domain. For one control channel, the mapping can be collocated or distributed within one control subband. For one or two-level control channel, a common design is required regardless of transmission in control region or data region. 
Moreover, the resource mapping may also be different according to different service requirements. As an example, in order to support fast decoding of control information, one control channel should be mapped at first OFDM symbol of a slot.
Proposal 5: A control subband can be mapped with continuous or separated PRBs in frequency domain. 
Proposal 6: Both localized and distributed mapping should be supported for one control channel, which is located within one control subband. 
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, several aspects of time and frequency resource for control channel are discussed. Based on the discussion, we have the following observations and proposals:
Proposal 1: A basic control subband with predefined numerology should be supported to facilitate initial access
· In frequency domain, the bandwidth should be no larger than 5MHz or 20MHz;
· In time domain, 1 or 2 OFDM symbols should be supported.

Proposal 2: An extended control region can contain one or integer number of control subband and can be configured semi-statically and/or dynamically.
Proposal 3: If a control subband only contains one OFDM symbol, one NR-CCE will contain at most 4 PRBs in frequency domain. 
Proposal 4: NR-REG should be defined as a basic resource unit for NR-CCE
· In frequency domain, the size of NR-REG contains one PRB;
· In time domain, the size of NR-REG contains one or two OFDM symbols.
Proposal 5: A control subband can be mapped with continuous or separated PRBs in frequency domain. 
Proposal 6: Both localized and distributed mapping should be supported for one control channel, which is located within one control subband. 
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