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1 Introduction

In this contribution, beamforming impacts on the C-DRX Procedure are discussed. The limitations of the LTE C-DRX procedure in the presence of a multi-beam system are identified and discussed.
2 C-DRX Procedure in LTE
In LTE, discontinuous reception in Connected mode (C-DRX) is used to give the UE an opportunity to sleep briefly in connected mode and save power consumption, while maintaining all DRBs and QoS parameters in Connected mode. C-DRX is structured as a configurable sleep cycle with a brief “On Duration” period, where the UE wakes up to read the PDCCH in anticipation of further downlink data arrivals. Following any new data scheduled for the UE on the PDCCH, the UE resets an inactivity timer, which is used a trigger to start sleeping upon timer expiration. The brief sleep opportunity period is made possible due to traffic characteristics of the service, which often either intermittent (e.g. web traffic) or patterned (e.g. VoIP traffic). The LTE C-DRX operation allows for two C-DRX cycles, long and short C-DRX, where the usage of short C-DRX is optional. The UE falls back to the long DRX cycle upon the expiration of a configured short DRX cycle timer. This is illustrated in Figure 1.
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Figure 1: Illustration of the C-DRX Procedure in LTE

From the UE perspective, in order to decode the PDCCH when waking up upon the “On Duration”, the UE must be time synchronized and aware of the serving cell. This effectively requires the UE to decode the synchronization signals, which provide the PCID, then decode PDCCH with the aid of cell specific reference signals (CRS). 

3 Beamforming Impacts on the NR C-DRX Procedure
Though the NR RRC_INACTIVE state will provide considerable power savings in NR, C-DRX is still needed for when the UE needs to remain in Connected state.  Data transmission in RRC_INACTIVE is limited to uplink small data transmission, which excludes downlink traffic and uplink traffic of large packets or higher QoS benchmarks. Further, the UE may have to remain in Connected state to maintain uplink timing, access to dedicated resources, or a guaranteed level of HARQ feedback. 
Proposal 1:
LTE C-DRX framework, at least with short DRX, should be considered as a baseline for NR.
In beamforming systems operating at NR high-frequency bands, the designed legacy C-DRX procedure shall be revisited. Taking the average C-DRX cycle duration in LTE for example, the average long DRX cycle for possible configurations is 1.28 seconds, while the average short DRX cycle is 320 ms. Such duration is ample time to lose beam synchronization between the UE and the network TRPs. In addition, the best quality TRP Tx beam and best UE Rx beam might change rapidly at such frequencies, due to mobility or blockage.

In multi-beam NR operation, it is fair to assume that NR-PDCCH and NR-PDSCH channels are beamformed. Since the NR-PDCCH channel is designed to transmit small control payloads to multiple UEs reliably, it is anticipated that the it will have wider beams than data channels. For data channels on the other hand, the beamwidth can depend on the throughput of the data service. For example, a high throughput data link may have a narrower beam to improve the NR-PDSCH spectral efficiency. This effectively means the UE must keep track of a number of control and data beams upon going to sleep in DRX. Due to possible mobility, blockage, and beam mis-synchronization within a DRX cycle, the number of beams to track and manage in longer DRX cycles is hence lower than short DRX cycles. Therefore, the number of beams tracked by the UE upon entering a DRX cycle can be a function of cycle’s duration.

Observation 1:
Due to possible mobility and beam mis-synchronization within a DRX cycle, the number of beams tracked by the UE upon entering a DRX cycle can be a function of cycle’s duration.
In order to minimize the On Duration in a multi-beam system and increase C-DRX power savings, the UE can perform a beam management procedure prior to start of the On Duration, taking into account the beams tracked by the UE prior to going to sleep. This assumes the LTE definition of the On Duration is maintained, whereby the On Duration is the time period the UE monitors the PDCCH over, excluding time required for any prior synchronization and demodulation procedures.  Decoupling beam management operations from the On Duration results in less variability in the required time to read the NR-PDCCH, and thus a more properly dimensioned On Duration.

Proposal 2:
To minimize the On Duration, the UE can wake up early before the start of the On Duration to perform beam management operations, taking into account any beams tracked by the UE.
The beam management procedure includes performing beam measurements and reporting results to the network, taking into account any beams tracked by the UE upon entering the sleep duration. The UE may determine how far in advance it wakes up, depending on the time required to perform beam management. Time needed for beam management depends on the number of involved UE Rx beams and TRP Tx beams, and whether the channel is reciprocal or not. In order to facilitate beam management in the early wake-up period, it should be possible to configure reference signal resources for beam management before the start of On Duration.
Observation 2:
The beam management period depends on the number of RX and TX beams tracked by the UE.
Proposal 3:
It should be possible to configure reference signal resources for beam managemnt before the start of On Duration.
Depending on the result of beam management procedure, the UE may have to attempt to decode the NR-PDCCH from one or more beams. Thus, the On Duration should be configured long enough for the UE to decode the NR-PDCCH reliably. The TRP beam(s) preferred by the UE for the purpose NR-PDCCH transmission, which depend on the outcome of beam management and reporting, can only be only be available on a subset of symbols within a subframes. Therefore, the UE needs to know which beams to monitor the NR-PDCCH on before the start of the On Duration. Once the UE knows the NR-PDCCH beams involved in the On Duration, it can determine the corresponding symbols on which they are beamformed within the subframe.

The NR-PDCCH beam(s) selected for the On Duration can be selected by the network based on UE assistance. UE assistance can provide some level of coarse beam synchronization to the network to reduce the beam sweep overhead. For example, based on the outcome of the beam management process, the UE can indicate a list of preferred beams to the network on the uplink, where an uplink resource can be obtained by transmitting a scheduling request. In another example, if the UE tracks the last NR-PDCCH wide-beam used prior to going to sleep, it can measure its quality upon waking up. If the beam’s quality is sufficient and reliable, the UE can indicate via a single bit that the same NR-PDCCH beam can be reused in the upcoming On Duration. If UE assistance feedback is not provided, the network should transmit the NR-PDCCH on all transmit beams for a specific UE
Proposal 4:
RAN2 should study UE assistance mechanisms to reduce the beam sweep overhead during the On Duration.
4 Conclusion

This contribution discusses beamforming impacts on the C-DRX procedure in a multi-beam NR network. RAN2 may use the following observations and proposals for further study on the NR C-DRX procedure:
Observation 1:
Due to possible mobility and beam mis-synchronization within a DRX cycle, the number of beams tracked by the UE upon entering a DRX cycle can be a function of cycle’s duration.
Observation 2:
The beam management period depends on the number of RX and TX beams tracked by the UE.

Proposal 1:
LTE C-DRX framework, at least with short DRX, should be considered as a baseline for NR.
Proposal 2:
To minimize the On Duration, the UE can wake up early before the start of the On Duration to perform beam management operations, taking into account any beams tracked by the UE.
Proposal 3:
It should be possible to configure reference signal resources for beam managemnt before the start of On Duration.
Proposal 4:
RAN2 should study UE assistance mechanisms to reduce the beam sweep overhead during the On Duration.
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