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Introduction
It is important to enable adaptation of DL control channel coding rate and locations in radio resources. For this, like in LTE, each UE will blind decode the potential DL control channel candidates which forms a search space. A set of DL control channel candidates and related parameters should be derived from explicit signaling or implicit indication as a search space.  
Besides, as agreed in previous meetings, one NR UE may monitor multiple control subbands for the DL control channel detection and monitor multiple numerologies in TDM or FDM manner [1]-[2]. 
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:
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective

In this contribution, we will discuss the search space related issues with the consideration of control subband and numerology. 
Discussion  
Common type of search space
Although it is preferred for NR to avoid using broadcast/UE-common channel(s) as much as possible, it would be necessary to introduce non-UE-specific control signaling for, e.g., the scheduling information of RAR, paging, and system information, etc. One DCI could address a large number of UEs and then resulting in a huge reduction of control signaling overhead and improving the spectral efficiency accordingly. Thus, common type of search space should be supported to deliver the common DCI scheduling for, e.g., RAR, paging, and system information. 
The DCI in the common type of search space is transmitted with a certain numerology, where the numerology should be able to be derived by non-UE-specific parameter(s). For example, the numerology can be derived by carrier frequency range, numerology of synchronization signal/broadcast channel, etc, so that initial access UEs or idle UEs of a stand-alone operation can acquire the numerology. Then, DCI in the common type of search space can be transmitted within the common control subband with the given numerology. The configurations, such as bandwidth, demodulation RS, etc, of the control subband, should also be known by UEs. 
Proposal 1: 
· Common type of search space should be supported at least for scheduling of RAR, paging and system information.
· Parameter(s) including numerology for this should be able to be derived by non-UE-specific parameter(s).  

UE-specific type of search space 
In addition to the common type of search space, UE is configured with UE-specific type of search space to receive DCI scheduling unicast data. Different services have quite different requirements for NR; for example, BLER 1% of DL control channel may be typical for eMBB, while much lower BLER of the DL control channel may be necessary for URLLC. Within eMBB, at higher carrier frequencies, beam-forming would be required by default, while at lower carrier frequencies, transmit diversity such as SFBC would be more robust and useful. Considering that a large variation of service type/performance requirement will be required for NR, only single search space design would not be feasible for NR. Even for one UE, one or more of UE-specific type of search space(s) should be configurable by higher-layer for a given carrier. For example, multiple UE-specific search spaces for one UE is to enable, e.g., different service types (e.g., eMBB and URLLC), different transmission schemes/carrier frequencies (e.g., TxD or beam-forming), different resource mapping schemes (e.g., localized or distributed), different control subband bandwidth, etc, between/among different DL control channel candidates. This has already been supported in LTE for EPDCCH as multiple search space sets.
Proposal 2: 
· Search space is designed such that various service types, transmission scheme, carrier frequencies, etc, can be supported.
· A UE is configured with one or more of the UE-specific search spaces to monitor DL control channel.

Search space monitoring for multiple numerologies
As mentioned above, monitoring more than one search space set was supported for LTE EPDCCH and therefore, baseline mechanisms are already available. Below, we discuss potential new mechanisms of search space monitoring for NR.
The firs aspect is the relationship between numerology, control subband, and search space. UE may be configured to monitor different DL control channels with different numerologies. We consider that it is sufficient that one control subband can contain DL control channels (candidates) with a single numerology, and DL control channels with different numerologies can belong to different control subbands. Similarly, search spaces with different numerologies belong to different control subbands. Figure 1 illustrates following two cases.
· Case 1: Different control subbands contain different search spaces with different numerologies. UE monitors DL control channel candidates with different numerologies for different search spaces. 
· Case 2:  One control subband could contain more than one search spaces with the same numerology. For example, UE-common type of search space and UE-specific type of search space can be included in the same control subband with the same numerology. Alternatively, UE-specific search spaces supporting different transmission schemes or different NR-CCE mapping schemes can be included in the same control subband with the same numerology. UE monitors DL control channel candidates with the same numerology belonging to different search spaces. 
 
Figure 1 Example of search space monitoring.
Proposal 3: 
· On search space monitoring for more than one numerologies of DL control channel,
· DL control channel candidates configured in one control subband are transmitted with the same numerology.
· One or more search spaces can be configured for a given control subband.
· UE could monitor search space with the same numerology in one control subband
· UE could monitor search spaces with different numerologies in different control subbands

Search space monitoring for different RF bandwidth
The second aspect is RF bandwidth adaptation. At the RAN1#86bis meeting, following agreements have been achieved.
	Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)
· FFS the first RF bandwidth is within the second RF bandwidth
· FFS the first RF bandwidth is at the center of the second RF bandwidth
· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth
· FFS detailed mechanism
· FFS RF bandwidth adaptation for RRM measurement
Agreements:
· NR supports at least same-slot and cross-slot scheduling for DL.
· Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.



RF bandwidth adaptation would be beneficial to save the energy consumption of a UE. At higher carrier frequencies, available bandwidth is expected to be quite large. Always monitoring DL control channel for the whole/wide bandwidth requires high energy consumption due to ADC, etc. If RF bandwidth can be adapted flexibly and dynamically, unnecessary energy consumption due to DL control channel monitoring would be mitigated. For example, a UE monitors DL control channel for a given narrow RF bandwidth unless large traffic comes, but once it comes, the UE expands the RF bandwidth to receive/transmit the signal.
Some options can be considered for this RF bandwidth adaptation. The first option is to introduce a DL control channel/signal that indicates the RF bandwidth expansion for a given UE. UE monitors the signal/channel for a given limited RF bandwidth, and once the signal/channel indicating wider RF bandwidth is detected, the UE starts monitoring DL control channel over wider RF bandwidth. The DL control channel over the wider RF bandwidth schedules data over the wider RF bandwidth. This can be interpreted as two-step DCI (option 2 of [3]). For this option, the UE changes its own RF bandwidth of the carrier according to L1 signalling. A potential concern is miss detection of L1 signalling indicating the RF bandwidth. Once misses the indication of RF bandwidth, the UE does not change the RF bandwidth. So, miss-matching problem should carefully be studied. 
The second option is to utilize cross-slot scheduling. UE monitors DL control channel for a given limited RF bandwidth, and once the DL control channel scheduling data for wider RF bandwidth in a later slot is detected, the UE expands the RF bandwidth so that the data is received/transmitted. In this case, if the UE does not detect the DL control channel for cross-slot scheduling, the UE does not change the RF bandwidth, while if the UE correctly detect it, the UE transmits DL HARQ-ACK or UL data. Therefore, no miss-matching problem between gNB and UE may exist.


Figure 2 RF bandwidth adaptation for energy saving.

Note that for both options, under the RF bandwidth adaptation, for a given timing, the control subband(s) or search space(s) needs to be within the RF bandwidth.

Proposal 4: 
· Study further how to realize RF bandwidth adaptation for DL control channel monitoring.
· Control subband(s) and search space(s) are within the given RF bandwidth at a time.
· RF bandwidth for DL control channel monitoring is adapted in time by L1 signalling.
· Consider how to alleviate the miss-matching problem of RF bandwidth between gNB and UE.

Conclusion
In this contribution, we discussed the monitoring of DL control channels in terms of investigating the common type of search space, UE-specific type of search and monitoring of search space. According to the discussion, our views are summarized as follows 
Proposal 1: 
· Common type of search space should be supported at least for scheduling of RAR, paging and system information.
· Parameter(s) including numerology for this should be able to be derived by non-UE-specific parameter(s).  
Proposal 2: 
· Search space is designed such that various service types, transmission scheme, carrier frequencies, etc, can be supported.
· A UE is configured with one or more of the UE-specific search spaces to monitor DL control channel.
Proposal 3: 
· On search space monitoring for more than one numerologies of DL control channel,
· DL control channel candidates configured in one control subband are transmitted with the same numerology.
· One or more search spaces can be configured for a given control subband.
· UE could monitor search space with the same numerology in one control subband
· UE could monitor search spaces with different numerologies in different control subbands
Proposal 4: 
· Study further how to realize RF bandwidth adaptation for DL control channel monitoring.
· Control subband(s) and search space(s) are within the given RF bandwidth.
· RF bandwidth for DL control channel monitoring is adapted in time by L1 signalling.
· Consider how to alleviate the miss-matching problem of RF bandwidth between gNB and UE.
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