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1 Introduction
At the RAN1#86 meeting during the discussion on frame structure, it was agreed to study UE power reduction techniques (for DL reception); although not a specific SI objective, power reduction is of course in general a very desirable feature and is considered in the Study on Scenarions and Requirements TR [1].  A number of techniques were proposed at the last meeting, and in particular the following agreements were made at the last RAN1#86bis meeting [2]:
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

At the same RAN1 meeting, control channel design was also discussed and a number of agreements were made, in particular related to the concept of “control subband”:

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
In this contribution, we address some of the issues related to the detailed mechanism of bandwidth adaptation, taking into account the current agreements related to control channel.
2 Discussion
The purpose of receiver bandwidth adaptation is to allow the UE to monitor the control channels with low power consumption (for example in periods of low data activity), while being able to receive with larger bandwidth when necessary (in periods of high data activity). 
2.1 Bandwidth adaptation mechanism

For the purpose of description here, we refer to the state where the UE has a low receiver bandwidth configured as “narrowband state” and the state where the UE has a larger receiver bandwidth configured as “wideband state”.  Each state is associated to a set of PRBs over which the UE is assumed to be able to receive control/data.  The wideband state is assumed to have a larger set of PRBs than the narrowband state.
Data reception in narrowband state
While a UE configured in narrowband state may typically be in a period of low data activity, in practice the UE may also be subjected to receiving small amount of data (e.g. control information, TCP acks/nacks, etc.).  Thus while in such narrowband state, in addition to receiving the control channel, the UE should still be able to receive data normally as long as the data transmission falls within the UE operating bandwidth.

Proposal 1:
Data reception is supported in the narrowband state
Proposal 2:
Resources for data reception in the narrowband state are within the set of PRBs configured for narrowband state 
Receiver bandwidth state control
The parameters for the narrowband and wideband state configurations (e.g. set of PRBs over which control/data may be received) may be configured semi-statically by the network or alternatively be dynamically configured.  Dynamic configuration could potentially enable the network to more effectively balance the load for both the data and control.  This may be particularly useful in NR since not all UE categories may be able to receive over the entire system bandwidth.
Observation: 
Dynamic configuration of the set of PRBs over which a UE may receive control/data enables the network to efficiently balance the load across the system bandwidth for both control and data in some situations.
According to the most recent RAN1 agreements, the control information may be received over one or more control subbands.  It should be up to network implementation to determine the appropriate configuration of the control subband given the UE bandwidth capabilities.  In practice this also implies that the UE receiver bandwidth would have to be configured to include all of the configured control subbands (in both narrowband and wideband state).  Again it should be up to the network implementation to ensure that proper configuration is provided to the UE:
Observation:
The network can properly configure the set of PRBs over which the UE may receive for narrowband and wideband states while taking into considerations the UE bandwidth capabilities
The level of UE downlink data activity is known by the network and thus the actual UE receiver bandwidth configuration used should be controlled by the network.  In NR, with system bandwidth of up to at least 80MHz, it can be envisioned that a UE would spend little time in a high-activity state and that a dynamic mechanism to control the UE receiver bandwidth state. 

Proposal 3: 
The network may dynamically change the UE receiver bandwidth state between narrowband and wideband state
Explicit and implicit DCI indications

To enable fast receiver bandwidth state transitions, for example from a low data activity state in narrowband state to a high data activity state in wideband state, it is proposed here to use DCI signaling as a basic mechanism.
Proposal 4: 
UE receiver bandwidth state is controlled by the network at least using DCI signaling
There are a number of options to consider for DCI UE receiver bandwidth state control each with its own benefits and challenges.  A first option would be to use an explicit UE receiver bandwidth state indication field in the DCI (the presence of that field may depend on higher layer configuration).  With the explicit UE receiver bandwidth state indication, the network has the ability for example to send configuration information such as the set of PRBs over which the UE may receive.  A potential drawback here, and it largely depends on how the control channels are designed, is the possible increase in DCI formats and the additional number of control messages transmitted (i.e. increased overhead).  Note that in this case the DCI may also contain a data allocation message.  The actual content of the DCI depends also on the encoding and other RAN1 discussions.

Another possible option is to use implicit receiver bandwidth state control mechanisms.  One practical example of such implicit indication could be the reception of a DCI indicating a data allocation outside of the current UE receiver bandwidth (e.g. while the UE is in narrowband state).  The UE could then interpret this as an indication to transition to wideband state.  While this option potentially leads to lower signaling overhead, it has less flexibility w.r.t. dynamic configuration of receiver bandwidth parameters.  Another practical example of implicit indication could be to have the UE autonomously transition to narrowband state after a certain period of inactivity.

Proposal 5: 
Consider explicit and implicit bandwidth state control mechanisms.

Scheduling considerations
Another aspect to consider here is the need for the scheduler for CSI to make appropriate choice of MCS.  In practice the network should provide a means for the UE to measure a reference signal and report the CSI before making a scheduling decision, after the UE has change its receiver bandwidth state (in this example to a larger or different bandwidth).  The alternative of course is for the network to be conservative in its choice of MCS at least for the first transmission; not only this leads to lower spectral efficiency but may not work well with narrow beamforming operations.
Proposal 6: 
CSI-RS resources are provided to the UE for measuring and reporting CSI after transition to wideband state.
Error cases

It is also important that the network and the UE are in sync w.r.t. the UE receiver bandwidth state, and/or that the control mechanism is robust to errors.  A first error case occurs when the network thinks that the UE is in narrowband state while in fact it is in wideband state.  This may lead the network to issue unnecessary state transitions commands leading to signaling overhead and additional delays in downlink transmission.
The second error case occurs when the network thinks that the UE is in wideband state while it is in narrowband state.  In this case the network may schedule the UE outside of its current receiver bandwidth, leading to retransmission delays and potential data loss.  When the UE receives the DCI (e.g. for the case where the DCI is transmitted in the UE current receiver bandwidth), the UE may indicate to the network that the DCI is invalid.  This indication may require a special indication as the network may not be able to distinguish with only the conventional HARQ-NACK between data loss due to channel error and data loss due to receiver bandwidth state error.  When the UE does not receive the DCI, then the network may likewise not be able to determine that the DTX is due to a UE receiver bandwidth state error as opposed to a channel error.  Clearly, better error detection/mitigations are needed for this case.
UE receiver bandwidth state transition acknowledgement
One way to mitigate the error cases above is for the UE to transmit an acknowledgement upon receiver bandwidth state transition  One simple way to achieve this for the UE is to transmit an acknowledgement for the DCI.  In the case of a DCI containing only a receiver bandwidth state transition command, the conventional HARQ-ACK message could be used for that purpose.  When there is data scheduled along with the DCI state transition command, then a separate acknowledgement message may need to be transmitted in order for the network to distinguish between the two acknowledgements.
One attractive option is to use the CSI report based on the measurement on the CSI-RS resource as an acknowledgement.  The UE measures the channel and transmits the CSI to the network; reception of the CSI from the network is thus used as a state transition acknowledgement.

Proposal 7:
A CSI report based on the provided CSI-RS resource is transmitted after transition to the wideband state and is used as acknowledgment of transition.
Data transmission during state transition slot

When the UE receives the state transition command, it was agreed that the UE does not require to receive over the larger receiver bandwidth within less than X µs; however it has not been agreed or determined whether or not the UE may receive data during that time over the low receiver bandwidth.  Another consideration that needs to be discussed is whether or not a tuning gap is provided to the UE, and more specifically whether the UE may receive data during the state transition slot.  
The first option is to not support data reception during the state transition slot.  This may be acceptable from a throughput standpoint given that the amount of data to be received in the following slots may be significantly larger due to the increase in receiver bandwidth.  On the other hand this approach leads to additional transmission delays which may not be desirable for some type of traffic (e.g. URLLC). 

The second option, also in line with the current agreements, is to allow data reception during the state transition slot.  This may make sense for example if the expected re-tuning time is short (e.g. in the order of a single OFDM symbol) compared to the slot duration.  It may also be advantageous for URLLC which requires low latency.  One option to support this feature is to define a DL gap during which the UE is not expected to receive data and to map the data symbols around that gap.  Another option would be to not specify a precise DL gap and for the network to provide additional coding to protect against loss of received symbols due to RF retuning.  For example the network may schedule and encode the data with a very low code rate or optionally protect the data with an outer code.
Proposal 8:
The UE may receive data during the UE receiver bandwidth state transition slot; mechanism for handling the retuning gap is FFS.
Example timeline
An example proposed timeline for the change of UE receiver bandwidth state is shown in Figure 1, where a 7 symbol OFDM slot has been used for illustration purposes and data transmission during the transition slot is not illustrated in the Figure for simplicity.  
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Figure 1
After receiving and decoding the DCI indication to transition to wideband state in the state transition slot, the UE may require a DL gap, or at least a time during which the UE receiver is not expected to receive from the downlink so that it can retune.  In this example here we have used a single OFDM symbol for illustration purposes only – RAN4 should determine the need for the gap and its duration.  In this example we have also assumed that the UE is provided with a sounding signal so that it can measure and report CSI on the uplink, which may further serve as an acknowledgement.  Only after this CSI is received the network schedules the UE within its full operating bandwidth on the next slot.  Based on this discussion and example timeline, we make the following observation:
Observation: 
To benefit from channel sensitive scheduling, the network schedules the UE on the following slot after the UE has changed to wideband state and reported CSI (i.e., on the slot following a state transition slot).
3 Conclusion

In this contribution we have considered detailed mechanisms for bandwidth adaptation and make the following observations and proposals:
Proposal 1:
Data reception is supported in the narrowband state

Proposal 2:
Resources for data reception in the narrowband state are within the set of PRBs configured for narrowband state 

Observation: 
Dynamic configuration of the set of PRBs over which a UE may receive control/data enables the network to efficiently balance the load across the system bandwidth for both control and data in some situations.

Observation:
The network can properly configure the set of PRBs over which the UE may receive for narrowband and wideband states while taking into considerations the UE bandwidth capabilities
Proposal 3: 
The network may dynamically change the UE receiver bandwidth state between narrowband and wideband state
Proposal 4: 
UE receiver bandwidth state is controlled by the network at least using DCI signaling
Proposal 5: 
Consider explicit and implicit bandwidth state control mechanisms.

Proposal 6: 
CSI-RS resources are provided to the UE for measuring and reporting CSI after transition to wideband state

Proposal 7:
A CSI report based on the provided CSI-RS resource is transmitted after transition to the wideband state and is used as acknowledgment of transition.
Proposal 8:
The UE may receive data during the UE receiver bandwidth state transition slot; mechanism for handling the retuning gap is FFS.
.
Observation: 
To benefit from channel sensitive scheduling, the network schedules the UE on the following slot after the UE has changed to wideband state and reported CSI (i.e., on the slot following a state transition slot).
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