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1. Introduction
In NR high frequency (HF) transmission, beam management becomes a critical issue for the transmission between the base station and user equipments. If power consumption is also considered, efficient beam alignment considering the behaviour of user devices requires further investigation. In this contribution DRX and beam alignment for the HF NR system are jointly discussed for the enhancement to the power consumption in NR.
2. Discussion on power saving for HF NR
The beam management procedure is required for HF NR to maintain the connection in case of UE mobility. Beam sweeping is applied in P-1 [1] to find out the best TRP Tx beam and the UE Rx Beam. After this phase, an anchor beam is determined to maintain the connection between the network and the UE. The RRC connection is therefore kept, and some candidate beams are also determined by the UEs’ monitor and measurement. 
Since the RRC connection is related to the beam alignment procedure, the UEs should be able to perform the beam monitoring and measurement to maintain the RRC connection. That is, the beam alignment should be done in the RRC state that UE is capable of beam transmission.
Observation 1: 	Beam alignment should be done in the RRC state that UE is capable of beam transmission.

Besides, once the UE enters power saving state, the UE is not capable of beam monitoring and the corresponding beam alignment/management procedure. The DRX cycle has significant impact on the period of UE in power saving state. The DRX ON duration enables the UEs to monitor and measure the beams from TRPs, so the UE is only capable of beam processing during this period. As a result, the beam alignment and the DRX procedure may influence the operation of each other, leading to the options that the two procedures may be operating independently of each other, or the two will be in coordination.
Observation 2: 	There are two options for the beam alignment and the DRX procedures:
Option 1: Beam alignment and DRX are independent of each other.
Option 2: Beam alignment and DRX are in coordination.

The DRX ON duration is determined by the HARQ timer and the DRX cycle. Besides, extended DRX also have different mechanism for UE’s wake-up. Since mobility has been identified in TR 37.869 [2] as key factor for DRX performance, it is worth study in NR mobility section that whether the DRX should be aligned with the beam management procedure.
Proposal 1:	Study the joint operation of beam alignment and DRX in view of optimized power saving.

In order to investigate the beam alignment and the DRX procedures, the beam patterns and the DRX configuration should be further studied. For example, if the UE has finished an extended DRX period, since the UE has not been aligned with the network for longer time period, the accuracy of the anchor beam and the candidate beam should be re-confirmed in case of UE mobility. If the UE only went through a short DRX cycle and is still in contact with the network, the beam alignment information is much more reliable in this case. 
Here we propose illustrations for the beam patterns and the DRX operations. 

Figure 1 shows the difference between common and dedicated beam. Common beams have wider coverage and the beam for RRC connection is stored as the anchor beam. Dedicated beams apply narrower beams for higher performance. Because of the difference in coverage area, in case of UE mobility, common beams can locate the UE’s position more easily. In contrast, if UE stays at the same place, dedicated beams perform better in view of system performance. To align the UE with the TRPs, the beam patterns in beam alignment phase should be considered, in view of UE’s mobility.

In case of DRX operation, DRX cycles are repeated for power saving. For example, in case of incoming data, as the DRX cycle (1) and (3), the UE need to be aligned with the base station for data transmission. In case of UE mobility, the best beam may be different from DRX cycle (1) and cycle (3). Therefore, the beam patterns should be considered for the performance of DRX. First, the length of the beam alignment period will affect the ON period of DRX. The more the trials the beam alignment procedure endures, the longer is the DRX ON period. It also results in worse power saving performance. Second, if the UE mobility is considered, the best beam needs to be updated in DRX cycle (3). If the beam patterns are appropriately configured, it may reduce the effort of re-alignment with the network caused by mobility. The last, in addition to expected incoming data, the UE may also be forced to wake up with area update or paging. Such events may happen in the period like DRX cycle (2), which the UE is originally not required to wake up for a longer period. In this case to maximize the power saving of DRX, the UE should be able to align with the network as soon as possible, increasing the importance of proper beam pattern configuration.
Observation 3: The beam patterns in the beam alignment and the DRX will mutually impact each other.

As a result, if the beam patterns can’t be properly configured, the beam alignment procedure can’t maintain the anchor beam and candidate beam information up-to-date, and there is probability that the performance of power saving, which is the DRX configuration, will also be affected.
Proposal 2: the beam patterns should be considered in case of beam alignment procedure and the DRX are both online.
3. Conclusions
In this contribution, the DRX and the beam alignment procedures are discussed:

Proposal 1:	Study the joint operation of beam alignment and DRX in view of optimized power saving.
Proposal 2: the beam patterns should be considered in case of beam alignment procedure and the DRX are both online.
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