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Introduction
During the last RAN1 meeting, the discussion on how to design the DL control channel for NR was started and the follow progress was achieved [1]. 
Agreements:
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
Agreements:
· 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
Agreements:
· NR should support at least the following
· A DL control channel can be mapped on one or more NR-CCEs
· 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
· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs
· FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.

In this contribution, we will continue the discussion including DL control region, definition of NR-CCE and NR PDCCH construction from the perspectives of frequency domain and time domain as well as the RS for demodulation. Based on the discussion, our views will be revealed.  
Discussion  
Frequency-domain aspects
At the last meeting, it was agreed that UE monitors DL control information in one or more “control subband”, while the details of the “control subband” still needs further discussion. As for LTE, it is natural to consider that one DL control channel is formed by one or more NR-CCEs. Under this assumption, it is feasible that one control subband includes integer number of NR-CCEs to make full use of the frequency resources within the control subband. Exact feasible/possible size of a control subband depends on the other aspects such as the size of one NR-CCE. The possible smallest control subband size would be around the minimum RF bandwidth (e.g., SS/PBCH bandwidth), while the largest control subband size would be around the maximum RF bandwidth that the UE can monitor on the carrier.  
The frequency-domain information of the control subband needs to be known by UE, where the solution depends on the type of control subband. For the control subband common for UEs, where broadcast type of DL control channel is transmitted, it should be known by UEs without any UE-specific configurations. For example, it can be determined by some predefined rule or included in the system information. As for the control subband dedicated for a UE, where unicast type of DL control channel is transmitted, it can be configured by higher-layer signalling. 
As was agreed, one NR-CCE includes a positive integer number of PRBs. From our perspective, NR-CCE is mapped in a certain number of PRBs within one OFDM symbol. Therefore, when the number of OFDM symbols of the DL control region is more than one, the number of NR-CCEs increases depending on the number of OFDM symbols. Assuming that the necessary DCI payload and required coding rate for the DCI is similar to those for LTE PDCCH, one NR-CCE could contain around 36 REs. For example, if the number of DMRS REs per PRB is 4, 4 PRBs per NR-CCE offers 32 REs, while if the number of DMRS REs per PRB is 6, 6 PRBs per NR-CCE gives 36 REs. Regarding the NR-CCE distribution within one control subband, we prefer flexible configuration of NR-CCE mappings in one control subband. For example, the PRBs forming one NR-CCE can be localized or distributed in frequency domain within the control subband as shown in Fig.1. So far, motivation of mapping one DL control channel across multiple control subbands is unclear. 
Regarding whether to allow multiple NR-CCEs to share one or more PRBs, two different cases should be considered separately. Multiple NR-CCEs sharing the same REs on one or more PRBs in SDM/superposition manner, known as MU-MIMO or NOMA, needs further study and performance investigation. Multiple NR-CCEs sharing different REs on one or more PRBs in TDM manner should be supported for NR to make use of multiple OFDM symbols for DL control channel region. 

Figure 1 Example of NR-CCE mapping in frequency domain

Proposal 1: 
· For DL control region in frequency domain:
· A control subband consists of integer number of NR-CCE(s).
· Configuration of frequency domain information.
· For control subband of common type, it should be known without any UE-specific configuration.
· For control subband of UE-specific type, it is informed by higher layer signaling.
· For DL control channel in frequency domain:
· One DL control channel is constructed by NR-CCEs within one control subband.
· For NR-CCE in frequency domain:
· One NR-CCE can be mapped to contiguous PRBs or discontinuous PRBs. 
· Multiple NR-CCEs could share one or more PRBs, at least in TDM manner.

Time-domain aspects
As for the aspects of time domain, it was agreed that one control subband consists of one or a few OFDM symbol(s) of one slot or one mini-slot. Then, one remaining issue is whether the number of OFDM symbols for the DL control region can change dynamically, e.g., per slot, per mini-slot, or per multiple slots (depending on UE-specific DL control information monitoring occasions). If dynamic change of the duration of DL control region is supported, the question is how does one UE know the actual duration of a DL control region. 
We prefer to support dynamic/flexible adaptation of the duration of DL control region. There are various motivations for this:
· It is always important to achieve high spectral efficiency for NR; it should be better than LTE. In reality, necessary amount of resources for DL control region is not the same in time and varies dynamically, depending on the number of multiplexed DL control channels, required coding rate of each DL control channel, etc. By adapting the amount of resources in DL control region appropriately, the amount of resources offered for data can also be adapted. This has already been supported for LTE since Rel.8, and there is no reason to eliminate this from NR. 
· Different UEs have different coverage requirement. For some UEs with poor coverage, it is better to map its DCI across multiple OFDM symbols. Thus, to adapt different control signaling load and different coverage requirements of the scheduled UEs in each slot in more efficient way, it is better to allow dynamic change of the control region duration. 
· NR supports analog/digital/hybrid beam-forming. With analog beam-forming, one Tx and/or one Rx beam can be applied in one instance. In general, the granularity of the beam-forming could be per symbol. In order to transmit DL control channel for different UEs in the same DL control channel region with different beams, support of multiple symbols for DL control channel region is necessary, while one DL control channel is mapped on one symbol or part of the DL control channel region.
Taking into account the above motivations, DL control channel region should be dynamically/flexibly adaptable. Besides, within a DL control channel region, one DL control channel should be able to be mapped on one or multiple OFDM symbols so that different beams for different DL control channels in the DL control region is applicable.
Regarding how to know the duration of the DL control region by UE, PCFICH-like  UE-common channel/signal informing the actual duration of the control region in each slot can be considered. However, in case of beam-formed system, the PCFICH-like signal should also be beam-formed. Since the PCFICH-like signal should be UE-common, it should be transmitted for all the possible beams in a beam-sweeping manner. Another approach that does not require UE-common control channel is to rely on the blind detection by UEs. For example, in case of Fig. 2 (a), the maximum duration of the control region is configured by higher layer or hard coded, then UEs perform the DCI detection by assuming different duration of the control region. Once DCI is detected, UE would receive the data, e.g., right after the DCI reception or based on the indication in the DCI. In case of Fig. 2 (b), maximum duration of the control region is 3 OFDM symbols, but one DCI spans within one OFDM symbol while the DCI symbol position could be any symbol within the maximum DL control channel region. For the approach of Fig. 2 (b), the number of OFDM symbols where one DCI spans can also be configured by higher layer or be determined by blind detection. With the approach of Fig. 2 (a), the overall DL control capacity can be adapted while some DCIs can span multiple symbols to improve coverage. With the approach of Fig.2 (b), the overall DL control capacity can be adapted while different beam-forming can be carried out for different DCIs. 

(a) Each DCI can span whole DL control region		(b) Each DCI can span limited number of symbols
Figure 2. Dynamic adaptation of DL control channel region.

Proposal 2: 
· Duration of DL control region in time domain:
· Can change dynamically per slot or mini-slot or per multiple slots (depending on UE-specific DL control information monitoring occasions).
· Is informed either by PCFICH-like channel or by blind-detection by the UE.
· One DL control channel can span a number of OFDM symbols equal to or smaller than that for the whole DL control region where the DL control channel is monitored.

RS for demodulation
UE-specific DM-RS and PDCCH-specific DM-RS were discussed at last meeting. The UE-specific DM-RS can be applied to demodulate multiple DL control channel candidates for a given UE, while the PDCCH-specific DM-RS is applied to demodulate a given PDCCH candidate. Considering using UE-specific DM-RS could reduce the channel estimation effort for NR-PDCCH blind decoding, at least UE-specific DM-RS should be supported for the PDCCH reception. Regarding how does one UE know which DM-RS used as the demodulation RS, higher layer signalling based configuration is one approach. For example, the configuration of DM-RS can be signalled altogether with the configuration of the DL control channel configuration within a control subband. 
Proposal 3: 
· At least UE-specific DM-RS should be supported for PDCCH reception
Conclusion
In this contribution, we discussed the design of DL control channel including the control region, NR-CCE definition and NR-PDCCH construction. Based on the discussion, our views are summarized as follows 
Proposal 1: 
· For DL control region in frequency domain:
· A control subband consists of integer number of NR-CCE(s).
· Configuration of frequency domain information.
· For control subband of common type, it should be known without any UE-specific configuration.
· For control subband of UE-specific type, it is informed by higher layer signaling.
· For DL control channel in frequency domain:
· One DL control channel is constructed by NR-CCEs within one control subband.
· For NR-CCE in frequency domain:
· One NR-CCE can be mapped to contiguous PRBs or discontinuous PRBs. 
· Multiple NR-CCEs could share one or more PRBs, at least in TDM manner.
Proposal 2: 
· Duration of DL control region in time domain:
· Can change dynamically per slot or mini-slot or per multiple slots (depending on UE-specific DL control information monitoring occasions).
· Is informed either by PCFICH-like channel or by blind-detection by the UE.
· One DL control channel can span a number of OFDM symbols equal to or smaller than that for the whole DL control region where the DL control channel is monitored.
Proposal 3: 
· At least UE-specific DM-RS should be supported for PDCCH reception
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