Page 1
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #86bis
R1-1610089
Lisbon, Portugal, Oct 10th – 14th, 2016
Agenda Item:
8.1.7.1
Source:
InterDigital Communications

Title:
DL control channel framework for NR
Document for:
Discussion
1 Introduction
Design flexibility is an important facet of NR specification. Flexibility is required in order to support as many use cases, deployment types and UE implementations as possible. Furthermore, flexibility is required to ensure still unknown problems can have simple solutions using NR.

In RAN1#85, the following agreement on forward compatibility was reached:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered

Furthermore, it was agreed that NR should support flexible NW and UE channel bandwidths.  Moreover it was agreed that devices with different bandwidth capabilities can efficiently access the same NR carriers regardless of NR carrier bandwidth. In RAN1#86 the following requirements were further identified:
· RAN1 should strive for a common framework, including for example structure of synchronization signals, for initial access

· More specifically, especially within a group of frequency bands in the frequency range, RAN1 should strive for an unified framework covering

· Single beam based and multi-beam based deployments

· TDD and FDD operations

· Different/mixed numerologies

· Standalone and non-standalone operations

· Licensed band and unlicensed band operations

· FFS: mMTC use case

The following agreement from RAN1#85 states that a downlink control region (i.e. a downlink transmission containing downlink control information) should be supported in an NR frequency portion:

· At least the following should be supported for NR in a frequency portion

· […]
· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals

· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals

· […]
In RAN1#86 further agreements were taken on frame structure concepts. In particular, the notion of “slot” was introduced as a possible scheduling unit, and it was agreed that this structure allows for control information (including downlink control) at least at the beginning.

· Followings are considered as starting points of NR frame structure at least within the CP overhead 

· […]

· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded

· One possible scheduling unit

· […]

In this document we discuss the design of flexible downlink control channels in terms of satisfying the above requirements. Aspects related to physical channel design are discussed in a companion contribution [3].
2 Discussion of Downlink Control Channel Requirements
Forward compatibility in NR is important given that it has been decided that timely deployment of NR can be achieved by splitting the work into two phases. Therefore second phase (and beyond) features should not face any excessive limitations based on restrictions imposed by decisions made in the first phase.

Forward compatibility can be achieved by enabling second phase features to use complete blocks of spectrum; in other words, by enabling the blanking of complete blocks of spectrums in first phase features.  Furthermore, as it has been agreed, a carrier shall support the multiplexing of multiple numerologies in a bandwidth. These two points have for effect that a UE (e.g. a UE supporting only a subset of all possible numerologies) needs to be able to fully function on a subset of the resources of a carrier.

Furthermore, as mentioned above, UEs with different bandwidth capabilities should be able to access the same carrier.

Therefore, UE capabilities (with regards to bandwidth and numerology support) and the use of blanking resources for forward compatibility leads to a need for NR to support UE-specific frequency bands on which UEs may access a carrier.

To achieve these goals and also to reduce unnecessary transmissions, a design principle has been adopted by which all signals and channels for a transmission should be contained within a subset of available resources in a manner that most reduces the spectral footprint of the transmission.

All the above points have a direct effect on the design of the downlink control channel. Unlike in LTE, the control channel cannot span the entire system bandwidth. In LTE, PDCCH is defined over the entire bandwidth of a carrier. Furthermore, due to the spreading of control channel element resources, an LTE UE is incapable of detecting a relevant control channel transmission if it is unable to detect the entire control channel bandwidth. To enable frequency-domain scheduling and interference coordination of control signaling, EPDCCH was introduced in LTE Rel-11. In EPDCCH, an entire control channel search space can be confined to a specific frequency region. However, an LTE UE still has to be able to detect and decode common control information in PDCCH.

To remove the requirement that a UE be able to detect and decode a carrier’s entire system bandwidth, EPDCCH-like control channels can be used in NR. Such channels could be designed to support common control signaling. However, a drawback in the design of EPDCCH control channels is the need to decode an entire subframe before a UE can determine whether it has been assigned resources for data reception/transmission. This leads to added complexity at the UE to keep HARQ latency manageable. 

3 NR Downlink Control Channel Design Considerations
Control Channel Region
In NR, a downlink control channel needs to be flexible and configurable to meet forward compatibility and UE-specific needs. As such a control channel may reside in resources defined by a control channel region.

A control channel region may be defined as a set of resources (e.g. time, frequency, beam) on which a set of search spaces (or CCE aggregations) can be used for the transmission of control information.

To reduce decoding complexity at the UE, and also to enable self-contained subframes with varying DL duration, the time resources should be limited to a few symbols, regardless of the numerology or subframe length.

When configuring UEs with control channel regions, two approaches could be envisioned.  In a first approach, a single control region may be used by a carrier for all UEs and services and each UE may be configured with search spaces on which it may receive control information. Furthermore, the search spaces may be designed and configured in a manner that ensures that the control channel elements of a search space are confined to bandwidth portions. In another approach, multiple control channel regions may be defined in a carrier and each UE may be configured with a subset thereof.

The latter approach is preferable given that different bandwidth regions may be used for different services (or use cases) and may thus have different control channel requirements. For example, a control channel region used for mMTC transmissions may support a large amount of UEs and may thus require more resources (e.g. more symbols), whereas another control channel region may be used for services with tighter latency requirements and may thus only be 1 symbol. Therefore, configuring control channels per region can allow per-region optimization of the control channel parameters.

Also, a carrier should be able to support multiple control channel regions simultaneously, in order to support traffic to and from multiple UEs with different bandwidth capabilities and needs.

Proposal 1: A control channel region is defined as a subset of resources (e.g. bandwidth portion, symbols, beam) in which all candidates of a control channel can be mapped into.

Proposal 2: An NR carrier should support multiple simultaneous control channel regions.
Implied in the above is that a UE may be configured with a subset of control channel regions (e.g. a single control channel region). Depending on the traffic load or the needs of a UE, the network may configure a UE with a different subset of control channel regions. For example, to ensure all relevant channels and signals of a transmission are confined to a set of resources, a control channel region can be tied to a bandwidth portion where data may be transmitted. Therefore, depending on the needs of a UE (for example, whether it is downloading large files or small packets of data) or the system load, a UE may be assigned different control channel regions. Furthermore, depending on a UE’s channel bandwidth capabilities, it may be assigned different control channel regions. In another example, based on its load, the network can determine the bandwidth required for each service it supports. Depending on this, a UE supporting a subset of services can be configured with a subset of control channel regions.

Furthermore, it is beneficial that a UE not waste too much power attempting to blind decode too many control channels. Therefore, control channel adaptability can ensure that a UE is always assigned a relevant and non-wasteful set of control channel regions.

Proposal 3: The subset of control channel regions monitored by a UE should be configurable.
Control Channel Region Configuration
Each UE may be configured a subset of control channel regions. Such a configuration can be semi-static and provided via RRC signaling. In such a case there should be no ambiguity about what control channel region a UE should monitor, except possibly during a short period following transmission of the RRC signaling. For example, when a UE is configured to drop a current control channel region and add another, the network can be sure that the UE has received the indication before transmitting control information in the new control channel region. However, a main drawback of semi-static configuration is that it doesn’t allow for much adaptability. If blanking of resources (e.g. for forward compatibility) needs to be achieved dynamically, semi-static control channel adaptation does not suffice. In general, statically reserving resources for a service is inefficient. Furthermore, to ensure efficient UE operation, it is desirable that the control channel region be in a bandwidth portion that is best suited for a UE. Depending on the deployment, such frequency selectivity may vary rather dynamically.

Lastly, it may be beneficial to adapt control channel regions for a UE based on its traffic needs in order to enable power savings. The traffic needs may change in a manner that is more dynamic than semi-static control channel configuration can handle.

Dynamic UE-specific configuration of control channel regions can address the requirements presented above.

Proposal 4: UEs can be dynamically configured with a subset of control channel regions to monitor.
To achieve dynamic configuration of a control region, two approaches are possible. In a first approach, a UE is configured with a control channel region, possibly upon completing initial access [4]. The UE continues to monitor the control channel region until it receives control information indicating that it should monitor a new control channel region.
An issue arises if a UE misses a control channel transmission indicating that it should change control channel regions. A possible solution would be for the network to transmit control information intended for that UE in the first control channel region until it receives an acknowledgement that the UE has begun monitoring the second control channel region. However, this may take a long time (e.g. if a UE is in DRX) and reduces network flexibility.

Another approach is possible where a first control channel region would be configured semi-statically.  Such a control channel region could use a very small amount of resources.  The purpose of this so-called anchor control channel region would be to dynamically indicate to one or more UEs a new or currently active second control channel region. A UE would expect richer control information (e.g. scheduling control information) from the second control channel region. In this case, there would be no fear that a UE would miss a transmission indicating a new control channel region before changes occur. Another benefit is that the anchor control channel could be monitored less frequently than a second control channel. For example, an anchor control region could be monitored on the order of one or more subframes.  On the other hand, the scheduling control channel region could be monitored at least once per subframe and possibly once per slot. This can reduce the overhead of the anchor control channel region while maintaining the reliability. Furthermore, the network could even use the anchor control channel region as a fallback in case a UE did not properly detect control information indicating an appropriate second control channel region. One potential issue is if the UE misses the information on the anchor control channel. To mitigate this, the transmission on the anchor could be encoded more conservatively. 

Proposal 5: An anchor control channel region can be used to dynamically indicate a second control channel region to one or more UEs.
Proposal 6: The anchor control channel region can be used as a fallback to transmit complete control information if necessary.
Anchor Control Channel Region Information
The anchor control channel region can be used to either transmit information to configure a second control channel region to a UE or to transmit complete control information (e.g. for scheduling purposes). In the first case, the control information transmitted in the control channel region can include the following:

· The numerology split of the carrier. This can indicate to the UE the numerology parameters at least for the region where it is configured a control channel region.  This is further discussed in our companion contribution [2].

· Second control channel region configuration (e.g. resources, search spaces).

· Relationship between a control channel region and corresponding data region. A control channel region may reside in a subset of resources on which its control information may schedule data. For example, the control channel region may occupy a subset of the RBs on which it may schedule data transmission.

· A change in a UE’s channel bandwidth. A UE’s channel bandwidth can indicate a UE-specific center frequency. Depending on the load of the system, it is possible that a UE’s channel bandwidth be moved within the system bandwidth.

· An upcoming change in anchor control channel region parameters (including resources and numerology parameters).

4 Conclusion

In this contribution we discuss the effect of current NR agreements on the design on control channels.  We propose to define control channel regions that ensure UEs need not monitor a carrier’s entire bandwidth.  This provides forward compatibility, access to UEs with different capabilities and ensures all relevant channels and signals of a transmission are confined to a set of resources.  Furthermore, we provide the following proposals:

Proposal 1: A control channel region is defined as a subset of resources (e.g. bandwidth portion, symbols, beam) in which all candidates of a control channel can be mapped into.

Proposal 2: An NR carrier should support multiple simultaneous control channel regions.
Proposal 3: The subset of control channel regions monitored by a UE should be configurable.
Proposal 4: UEs can be dynamically configured with a subset of control channel regions to monitor.
Proposal 5: An anchor control channel region can be used to dynamically indicate a second control channel region to one or more UEs.
Proposal 6: The anchor control channel region can be used as a fallback to transmit complete control information if necessary.
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