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In RAN2#98 meeting, several issues related to DRX were included for discussion [1]:
· Changes relative to LTE operation
· Impact of multiple numerologies
· Impact due to beam operation
Because of the limited meeting time, only the LTE operation changes and multiple numerologies were treated during the meeting. Impact of beam operations was left for study at later stage. However, with the development of NR framework and the beam operation progress in RAN1, we think it is beneficial to handle the issue, impact due to beam operation, in the current stage. Therefore, we propose discussions and analysis for the DRX with beam operations.

Discussion
Beam operations for DRX
UEs in DRX ON period need to monitor the PDCCH for scheduled DL transmissions. Therefore, the transmission and reception beam between the eNB and the UEs should be aligned for such PDCCH monitoring. In other words, the beam pairs should be properly configured to enable the data reception. However, due to the sleep duration of DRX, the best beam pairs may be changed, and thus either the beam management or recovery procedure is needed. The beam management procedure helps establish the beam pair, and the recovery procedure facilitates the nodes to recover from bad beam pair quality. Therefore, the beam operation design is crucial for DRX operation.

The design of beam operation significantly influences the efficiency for DRX. For example, if we request the beam management procedure to be triggered every time the UE enters DRX ON period, in case that the best beam pair is not changed, such beam operation results in only waste of energy and time for synchronization. In contrast, in case that the best beam pair is lost, not performing beam operations results in possible failure of PDCCH monitoring. Thus it is necessary to further study the impact of beam operations for DRX.
Observation 1: Beam operations should be properly configured for DRX to avoid waste of time and energy.

The beam operation for DRX is required in case that the beam pair should be established or recovered from failure. That is, the best case is to trigger the related beam procedure only when necessary. However, with the unpredictability of beam quality, it is not able to arbitrarily configure the beam operation prior to the occurrence of beam failure. Besides, the UE is not obliged to monitor the DL channel in DRX sleep duration, which further increases the difficulty of signaling for beam operation. Considering the LTE DRX operation, the UE only receives DL data in DRX ON duration, and therefore the beam operation can only be done in the ON duration. That is, in addition to the traditional PDCCH monitoring and the corresponding control data reception, the beam operation procedure is also introduced into this period. Such operation extends the necessary length of ON duration. If we wish not to impact the current DRX specifications, it is possible that we may perform the beam operation prior to the DRX ON duration, with the price of reduced sleep duration.
Observation 2: Beam operation may be done in the DRX ON duration, or prior to the DRX ON duration, and it should be best triggered in case of necessary.

To further analyze the impact of beam operation to DRX, we should classify and study the potential solutions in view of different DRX parameters. For example,
· [DRX cycle] 	Should we trigger the beam operation every time when UE enters DRX ON duration?
· [Timing] 	Should the beam operation be triggered in DRX ON duration, or prior to ON duration?
· [Duration] 	The beam operation reduces the sleep duration accordingly. Therefore the duration of beam operation should also be considered in view of DRX sleep duration.

Figure 1(A): Beam operation triggered prior to DRX ON duration, or in DRX ON duration


Figure 1(B): Beam operation may not be triggered in every DRX cycle


Figure 1(C): If possible we may adjust the length of sleep duration, in comparison with reduction of the number of beam operation

In other words, the DRX configuration is mostly impacted by beam operations. The goal of DRX design is to reduce the power consumption. With the possible DRX configuration parameters above, it can be seen that to maximize the power saving, joint consideration of DRX and beam operation is required. Beam operation enables the PDCCH monitoring with the expense of longer UE wake-up period, which is an extra cost of energy. Therefore, the design of NR DRX should consider the overall DRX parameters and the corresponding beam operation procedures.
Proposal 1: Jointly consider the beam operation and DRX configuration parameters to maximize power saving.

Beam recovery procedure
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Therefore we may consider the further design for DRX with beam operation based on the above agreements from RAN1. Since DRX regulates only UE’s behavior on DL channels, it is possible that the UE may trigger the beam recovery either in DRX ON or sleep duration by the UL channels. Given the information from beam recovery procedure, it is possible to configure the accurate duration for beam operations, whether it may be in DRX ON duration or prior to ON duration.
Observation 3: Beam operation information is required and available for configuring the adequate DRX parameters.
 (
Agreements
:
Support the following channel(s) for beam failure recovery request transmission:
Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
Support using PUCCH for beam failure recovery request transmission
FFS whether PUCCH is with beam sweeping or not
Note: this may or may not impact PUCCH design
FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
From traditional RACH resource pool
4-step RACH procedure is used
Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 
)

 (
Agreements
:
To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding
 PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
FFS whether the candidate beam(s) is
 identified from a preconfigured set or not
Detection of a gNB’s response for beam failure recovery request during a time window is supported
FFS the time window is configured or pre-determined
FFS the number of monitoring occasions within the time window
FFS the size/location of the time window
If there is no response detected within the window, the UE may perform re-tx of the request
FFS details
If not detected after a certain number of transmission(s), UE notifies higher layer entities
FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer 
)

However, the overall period of beam operation is still not fixed because contention-based approach is still possible for beam recovery request. Besides, beam sweeping details are not confirmed yet. Without the information of the overall period, it is not possible to accurately configure the DRX parameters.
Proposal 2: RAN1 signaling mechanism for beam recovery is necessary for the evaluation of beam operation impact and DRX signaling.


Further enhancement for DRX with beam operation
In addition to the beam operation duration, the occurrence of beam operation in DRX cycle should also be considered. Opportunistic approach may be applied for the DRX configuration to reduce the number of beam operations. If the beam operation procedure carries some assistance information for the DRX, it is possible that we may achieve higher accuracy for beam operation allocation. For example, if the UE measures the reference signals for beam operations in a shorter period compared to the DRX cycle, the gNB is provided with the assistance information of necessary beam operation, and therefore it may configure the DRX accordingly.
Observation 4: The reduction of the number of beam operation may be achieved by opportunistic approach or feedback from UEs.

For the timing of beam operation in DRX, either in DRX ON duration or prior to DRX ON duration is OK, given that control signals are properly delivered to the UEs. In addition to the beam operation information in Section 2.2, if we can obtain the UE’s preference for power saving (to save more power by activating the transmission circuits within DRX ON period, or to reduce the impact of beam operation by performing beam operation prior to DRX ON period), we may configure the DRX more efficiently for the UEs.
Proposal 3: Feedback from UEs may enhance the DRX design with beam operation
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Our observations include:
Observation 1: Beam operations should be properly configured for DRX to avoid waste of time and energy.
Observation 2: Beam operation may be done in the DRX ON duration, or prior to the DRX ON duration, and it should be best triggered in case of necessary.
Observation 3: Beam operation information is required and available for configuring the adequate DRX parameters.
Observation 4: The reduction of the number of beam operation may be achieved by opportunistic approach or feedback from UEs.
From the observations and discussions in the previous sections, we propose:
Proposal 1: Jointly consider the beam operation and DRX configuration parameters to maximize power saving.
Proposal 2: RAN1 signaling mechanism for beam recovery is necessary for the evaluation of beam operation impact and DRX signaling.
Proposal 3: Feedback from UEs may enhance the DRX design with beam operation.
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