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1. Introduction

In LTE, physical downlink control channel (PDCCH) is transmitted in the first several OFDM symbols in a subframe and the control region spans the whole system bandwidth. In general, the UE would search for its designated PDCCH at the beginning of the subframe and depending on whether it is a DL scheduling request or an uplink grant, it will either go to decode its PDSCH or prepare for PUSCH transmission. 
In 5G NR,  due to introduction of some new application scenarios/techniques as well as the frequency bands supported, the design of DL control channel  requires some changes. One such change is the control region may not span the whole system bandwidth considering that system bandwidth in NR could be much wider than LTE and to monitor the whole system bandwidth may consume too much of UE power. On the other side the  beamforming (BF) technique could be widely used in NR especially in higher frequency band (>6 GHz) to compensate for larger path loss of smaller wavelength in mmWave and improve the coverage,  such technique could also be applied to control channel transmission.  Other than the above mentioned changes, some structures and mechanism adopted in LTE PDCCH design could still be reused or modified to maintain the consistent performance/complexity of control channel. 

In the past two meetings (RAN1-86b and RAN1-87 meetings), the design of DL control channel for NR were discussed and some agreements were reached.  Among them are in the following: 
(R1-86b meeting)

Agreements:
· For the frequency-domain aspects: A UE monitors for downlink control information in one or more “control subband”
· From gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot
· 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)
(R1-87 meeting)

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

· When the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

In this contribution, some design aspects on PDCCH search space is discussed in brief and our views are provided.
2. PDCCH search space consideration
From the agreements reached so far, it seems people feel that the general structure of PDCCH in LTE could still be reused, namely, a PDCCH could be transmitted on a number of control channel element (CCE) resources, and such CCE could further consist of some control resource unit (similar as REG in LTE). Depending on the payload and reception SNR condition, different CCE aggregation level (CCE AL) could be used. Figure 1 shows an example of such structure.  
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Figure 1: PDCCH structure and CCE AL
The remaining issues that need to be resolved would be:

· How these CCEs are arranged and mapped onto time-frequency region specified for control channel transmission (control resource set)?
· How to multiplex  PDCCH(s) of different UE(s) on the same control resource set?
· How does the UE search for its PDCCH candidates (search space)?
As mentioned earlier, BF technique could bring BF gain and enhance the coverage in NR. It could also be applied to control channel transmission which is one of the most important channels that needs to be decoded correctly in the system. If analog BF is used, the same beam will be applied to the resources on the same OFDM symbol. This requires that all the CCE of a PDCCH be transmitted on the same symbol to enjoy the benefit of BF. On the other side, if BF is not applied, the CCE of a PDCCH could be located on the same PRB (or a number of contiguous PRBs) to enjoy the localized frequency selective gain, or it could be spread over the frequency/time span within the control resource set to benefit from frequency/time diversity gain. All these different benefits may require a couple of PDCCH search space configurations be provided by the system.
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Figure 2:  An example of mapping PDCCH search space along frequency domain

Figure 2 shows an example of a PDCCH search space limited to one OFDM symbol. In this example, all UE under the coverage of the same beam could share the same OFDM symbol for its PDCCH transmission. All available CCEs on a OFDM symbol within the control resource set could be arranged in ascending order. The allocation of a PDCCH candidate for a particular UE could start with some CCEs based on some UE specific parameters such as UE ID or UE-RNTI. After the allocation of different PDCCH is finished, the CCEs could be mapped along the frequency domain to the configured OFDM symbol(s). In this situation, the UE will be configured with this particular OFDM symbol to receive its PDCCH and it could determine its search space (where it tries to detect all its possible PDCCH candidates) by relying on some UE specific parameters and other parameters. 
Figure 3 shows another example where CCE(s) in a PDCCH search space is mapped along the time domain first.  In this example, all the OFDM symbols in the control resource set could be configured for control channel transmission. All available CCEs are arranged in ascending order,  then the PDCCH for a particular UE would be allocated on a number of CCEs based on some UE specific parameters such as UE ID or UE RNTI. After such PDCCH allocation is done for all scheduled UE (UEs having conflicts on CCEs with previous UEs may not get scheduled), CCE(s) including their components of control resource units are mapped along time domain first followed by the frequency domain, namely, they are mapped to fill different OFDM symbols in a PRB first before moving to the next PRB.  By such mapping, the CCEs (and relevant control resource units) of a PDCCH are allocated more on a few contiguous PRBs, and thus could benefit some localized transmission benefits.  Such mapping could also be applied to logical RBs first, which are latter mapped onto distributed PRBs that spread across the frequency band. That could bring frequency diversity gain 
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Figure 2:  An example of mapping PDCCH search space along time domain

Based on the above analysis and examples,  it is proposed that
· Proposal :  Study different PDCCH search space configurations which include CCE mapping along frequency first and CCE mapping along time first.
3. Conclusions
It in this contribution, some aspects on PDCCH search space design for 5G NR are discussed and our view is as follows
· Proposal :  Study different PDCCH search space configurations which include CCE mapping along frequency first and CCE mapping along time first.
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