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Introduction
This contribution discusses the PDCCH monitoring subband and potential attributes of each subband continuing from [1].

Subband for PDCCH monitoring
Broadcast/Unicast PDCCH
RAN2 agreed that minimum SIB (MSIB) needs to be broadcast [2]. 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. For both broadcast and unicast PDCCH, it is proposed to consider 2 port SFBC and CDD as a candidate transmit diversity scheme. Reference signals for PDCCH can be assumed to be on the same (virtual) antenna ports as SFBC/CDD.
· 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.
Proposal 1: Consider 2 port SFBC and CDD as a candidate transmit diversity scheme for PDCCH.

Subband PDCCH
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. A subband should be localized in frequency domain for UE power saving purpose. Each subband can have different configurations with following attributes.
· UE specific control subband / Common control subband
· CCE can be localized/distributed within a subband.
· A control channel shall not span more than one subband.
· Common control subband
· Numerology is indicated by MIB.
· Can be semi-statically configured, or from MIB/MSIB, or by the specification.
· UE-specific control subband
· Numerology can be from MIB or RRC configuration.
· We do not see a good use case for UE-specific control subband has different numerology from common control subband.
· Can be configured via RRC.
· Common/Shared PDCCH RS (Omni)/ UE specific PDCCH RS (Beamformed)
· For the subband with common/shared PDCCH RS, UE can have a wideband RS processing over the subband assuming shared RS within the subband.
· Phase continuity assumption across slot needs to be discussed.
· For the subband with UE specific PDCCH RS, UE should have per PRB/PRB group level RS processing.
· Single / Multi-part control
Each UE can monitor only the configured and requested subbands among the system BW to reduce search complexity and power consumption. A common control subband can be set as the default subband upon initial access (indicated by MIB).
Proposal 2: 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 3: Introduce the subband for PDCCH monitoring with the above attributes per subband.

Conclusions
This contribution has discussed the PDCCH monitoring subband and potential attributes of each subband. The following proposals have been made:
Proposal 1: Consider 2 port SFBC and CDD as a candidate diversity scheme for PDCCH.
Proposal 2: 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 3: Introduce the subband for UE PDCCH monitoring with the above attributes per subband:
· UE specific control subband / Common control subband
· CCE can be localized/distributed within a subband.
· [bookmark: _GoBack]A control channel shall not span more than one subband.
· Common control subband
· Numerology is indicated by MIB.
· Can be semi-statically configured, or from MIB/MSIB, or by the specification.
· UE-specific control subband
· Numerology can be from MIB or RRC configuration.
· We do not see a good use case for UE-specific control subband has different numerology from common control subband.
· Can be configured via RRC.
· Common/Shared PDCCH RS (Omni)/ UE specific PDCCH RS (Beamformed)
· For the subband with common/shared PDCCH RS, UE can have a wideband RS processing over the subband assuming shared RS within the subband.
· Phase continuity assumption across slot needs to be discussed.
· For the subband with UE specific PDCCH RS, UE should have per PRB/PRB group level RS processing.
· Single / Multi-part control
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