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Introduction
During RAN1#87, the definition of control resource set was agreed as shown below. Additional agreements were made for search spaces one from MIB/system information and the other from RRC configuration. This contribution provides further views on control resource sets, search spaces and its RS.
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
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
Agreements:
· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity
· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly

Control Resource Set/Search Space
Broadcast/Unicast PDCCH
RAN2 agreed that minimum SIB (MSIB) needs to be broadcast [1]. It implies that NR need to support both broadcast/unicast PDCCH.
For broadcast PDCCH, it is expected that the coverage should be either omni or pseudo-omni. For unicast PDCCH, it can be omni/pseudo-omni or beamformed for the targeted UE.
· Broadcast PDCCH
· Carries DL grant for MSIB
· Reference signals can be potentially shared over multiple broadcast PDCCHs.
· Unicast PDCCH
· Carries DL grant for OSIB, data control
· Reference signals may not be shared over multiple unicast PDCCHs targeting different UEs, given that they may be on different beams, unless UE is informed of shared RS.

Control Resource Set and Search Space
NR is expected to have a larger system bandwidth (BW) compared to LTE. In LTE, PDCCH spans across the entire system bandwidth. DL control BW that a UE has to process has large implications on processing complexity and power consumption. NR should allow UE to operate with BW which is smaller than the system BW. In that sense, not all UE categories may be capable of supporting the entire system BW supported by gNB. Thus, it is proposed that the carrier BW (system BW) be divided into subbands with 5/10/20 MHz or larger granularity. Subband smaller than 5 MHz may not be needed and also is not desirable from frequency diversity perspective. It is desirable that a subband is localized in frequency domain for UE power saving purpose. On the other hand, control resource set was defined with the flexibility to allow localized/distributed allocation in frequency.
There can be two categories of control resource sets: Common control resource set and UE-specific control resource set. Note that this is different from common search space and UE-specific search space.
· Common control resource set
· Common control resource set is the resource set the served UEs shall monitor.
· Common control resource set can have common control search space and UE-specific control search space.
· Common control search space will be configured by MIB.
· Broadcast PDCCH shall be transmitted in common search space.
· How to signal the relationship between common control resource set (for the purpose of channel estimation) and common search space needs to be discussed.
· Option A: Indicate both in the MIB
· Option B: Indicate common control resource set in the MIB and derive common search space from common control resource set via a certain specified rule
· UE-specific search space will be configured by RRC.
· Common control resource set assumes no UE-specific beamforming.
· Wideband channel estimation can be enabled over entire common control resource set.
· Broadcast/Unicast PDCCH within common control resource set can use this wideband channel estimate.
· Phase continuity is maintained in common control resource set at least for sub 6 deployment. For mmW, due to additional imperfections like phase noise and additional constraints on gNB to beam form in the same direction in subsequent transmissions, phase continuity is not a strong requirement.
· Phase continuity will enable the time domain filtering for better channel estimation.
· Phase continuity will also play an important role for tracking purpose (see [2] for details).
· UE-specific control resource set
· UE-specific control resource set is the resource set that the served UEs shall monitor once configured.
· UE-specific control resource set can have UE-specific search space. Whether to allow common search space is FFS .
· UE-specific search space will be configured by RRC.
· UE cannot assume continuous beamforming in UE-specific control resource set.
· Channel estimation should be based on a PRB or PRB group w.r.t. the configuration.
· Phase continuity cannot be guaranteed. In other words, beams may change from TTI to TTI.
Proposal 1: NR shall allow a smaller BW UE to operate in the system than the system BW. Minimum UE BW can be 20 MHz for eMBB.
Proposal 2: Introduce the control resource set and search space as described above.

Conclusions
This contribution has discussed views on control resource sets, search spaces and its RS. The following proposals have been made:
Proposal 1: NR shall allow a smaller BW UE to operate in the system than the system BW. Minimum UE BW can be 20 MHz for eMBB.
Proposal 2: Introduce the control resource set and search space as described above.
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