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1 Introduction

In NR, UE’s bandwidth capability is typically smaller than the system bandwidth, considering the fact that system is aiming to enable very wide bandwidth operation and UEs with diverse services are accommodated within the same network. As a result, the legacy control channel, which spans the whole system bandwidth in LTE, is not an efficient system design for NR, at least for common DCIs. The (group) common control channel is preferably transmitted with restricted bandwidth such that the group of UEs with different capabilities can decode, otherwise duplicated message needs to be transmitted to each individual UE matching its capability, increasing the signalling overhead.     

On the other hand, even if some categories of NR UEs are able to support full system bandwidth, it may not need to operate on the full bandwidth capability all the time. Larger operating RF bandwidth means larger power consumption for the UE. If the control channels can be transmitted with a subset of system bandwidth, UE’s monitoring efforts can be reduced.

In the previous RAN1 meeting (RAN1#87), the concept of “control resource set” has been discussed. The following agreements have been reached:
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:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any

In addition, the following have already been agreed in RAN1#86 regarding the UE flexible operating bandwidth:

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

In this document, we further discuss the relation between control resource set(s) and first/second RF bandwidth, and the procedure to configure the control resource set(s) in NR where multiple services/numerologies coexist in the system and UEs have diverse bandwidth capabilities.
2 Discussion
2.1 Relation between control resource set and RF BW 

For the power saving purpose, there are at least two control resource sets configured for a given UE. Each control resource set is associated with a set of schedulable resources. The schedulable resource set is a reference set over which the scheduling decision is made. Then the UE operating RF bandwidth can be set to the bandwidth of the schedulable resources. Fig. 1 illustrates an example.
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Fig.1. Example of two control resource sets and associated RF operating bandwidths for a UE

In the first RF, downlink control information (DCI) intended to a group of UEs (control resource set 1) is located. In our view, there is no need for cell common DCI in order to improve forward compatibility and UE centric operation [1][2].  Instead, the group common DCI can be used, at least for the transmission of random-access response, SIBs other than minimum SIB (the transmission of minimum SIB is indicated by MIB, see Section 2.3). PCFICH like signaling (if needed) for the group and Paging without DCI in configured resources [3] are also located on the first RF. Therefore, the schedulable resources associated with first RF should have limited bandwidth such that the group of UEs monitoring the same control resource set 1 is able to decode the corresponding data transmission. The bandwidth of schedulable resources associated with set 1 should be chosen to match the smallest UE bandwidth capability among the group.

In the second RF, UE-specific DCI (control resource set 2) is located. As will be discussed in Section 2.3, control resource set 2 is configured after the UE bandwidth capability is known to the network. Therefore, the bandwidth of schedulable resources associated with control resource set 2 can be configured to match the UE capability.

The control resource set 1 can also be used to transmit UE-specific DCI. One example would be the initial UE-specific DCI when UE’s capability is not known to the network yet. Moreover, since schedulable resources associated with set 1 has a smaller bandwidth than that associated with set 2, transmitting UE-specific DCI over set 1 allows reducing the UE monitoring effort. This is beneficial for UE’s power saving.
In the example shown in Fig.1, in frequency domain, schedulable resource with control resource set 1 is a subset of those with control resource set 2 and they are centrally aligned. The advantage of this configuration is that no frequency retuning is needed when UE switches between monitoring set 1 and set 2. 
Proposal 1: There are at least two control resource sets configured for a NR UE, each of which is associated with a schedulable resource set. 

2.2 Frequency diversity enabled by DL control resource set

Frequency diversity is very important to achieve reliable transmission of control information. The configuration of control resource sets should support the frequency diversity. For UEs with relatively large bandwidth capability, the diversity can be achieved by mapping the control channel to distributed PRBs within one control resource set and still inside the UE supported bandwidth. However, this is not possible for UEs with low bandwidth capability, e.g. mMTC UEs. In such case, the control resource set should support “hopping” where the control resource set consists of non-contiguous frequency portions and UE’s receive window is hopped among those portions (i.e. one portion at one time).  Fig.2 shows one example. Note that here we only cover the downlink frequency diversity case since the control resource set is intended for downlink control information. 
UE follows the hopping pattern defined for the control resource set. Note that some symbols could be left empty to account for the transition time of the frequency retuning. 
As mMTC is deprioritized, we don't see the need of the hopping of DL control resource set in phase 1. From forward compatibility perspective, we expect such feature can be introduced without specific consideration as far as certain resource can be reserved. 
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Fig.2. Example of a control resource set with hopping 

2.3 Obtain configurations of control resource set
UE can obtain the configuration of control resource set 1 by minimum SIB and the random access procedure. After the UE bandwidth capability is known to the network, gNB can then configure the control resource set 2 to UE via dedicated signalling. UE is instructed to monitor control resource set 1 and/or set 2 by gNB via high layer or physical layer signalling. Fig. 3 gives an overview of the configuration procedure.
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Fig.3. Overview of UE procedure to obtain the configuration of control resource sets 1 and 2 after power up
The details of Fig.3 are explained in the following:
Step 2:

· Minimum SIB, e.g. SIB1, contains a list of control resource set 1 candidates, each associated with at least the following parameters {numerology, set BW, frequency location of schedulable resources, PRACH resources (including PRACH time-frequency resources and preamble sequences)}. Different set candidates use distinct PRACH resources. Time-frequency resources for transmitting minimum SIB is known to the UE from MIB and some other parameters.  
· The reason to put control resource set 1 configuration in minimum SIB is to avoid significantly increasing MIB size, but still able to utilize set 1 to schedule the rest of SIBs as early as possible. 
Step 3:

· After decoding minimum SIB, UE selects one entry from the list of control resource set 1 candidates based on the numerology and bandwidth capability the UE supports. UE RF operating bandwidth can be set to the bandwidth of schedulable resources associated with this control set. 
· To start random access, UE sends preamble using the sequence and uplink resources associated with this set 1, and then monitors this set 1. 
· Before UE capability transfer, control resource set 1 is used to carry both group common SS and UE-specific SS. Because DCI schedules only the resources within the schedulable resource set, the group of UEs monitoring the same set 1 can decode the corresponding data transmission.
Step 4:
· Based on the sequence index and time-frequency where preamble was sent, gNB implicitly knows the control resource set (i.e. set 1) that UE is monitoring. Therefore, consensus is achieved between UE and gNB regarding the set 1 configuration.   
Step 7:

· Based on the UE numerology/ies, BW capability, and other consideration from NW, gNB decides the configuration of control resource set 2 and the associated 2nd schedulable resource set (for UE to adjust its 2nd operating RF BW accordingly), and signals to UE by RRC reconfiguration.
Step 8:

· UE is instructed to monitor set1 or set2 by high layer or physical layer signalling. .

3 Conclusion

This document discusses the relation between control resource set(s) and first/second RF bandwidth, and the procedure to configure the control resource set(s) in NR. We have the following proposal:

Proposal 1: There are at least two control resource sets configured for a NR UE, each of which is associated with a schedulable resource set. 
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