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Introduction
In this contribution, we will discuss beam management functionality in C-DRX
[bookmark: _Ref178064866]Discussion
Discontinuous reception in connected mode (C-DRX) is a key feature to reduce UE power consumption. A UE is only required to listen to PDCCH at certain points in time, in the co-called on durations. The UE activity during a DRX cycle is illustrated in Figure 1.
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[bookmark: _Ref481136001]Figure 1 Illustration of C-DRX.
Outside the on durations, the UE may switch off a significant part of its hardware. 
When the UE is not in DRX, the NW actively maintains the TRP beam, and provides enough measurement opportunities to make it possible for the UE to update its beam, mainly relying on aperiodic CSI-RS transmissions. Since aperiodic CSI-RS are scheduled using PDCCH, that procedure is only applicable during the on durations when the UE is in DRX. When periodic CSI-RS is used, it is still undesirable to perform any beam management procedure outside the on durations, since that will increase UE power consumption:
[bookmark: _Ref481735585]Beam management outside the on durations will increase UE power consumption.
In general, it is realistic to assume that both the UE and the TRP can generate beams of different widths. To achieve high data rates, more narrow beams are desirable, but to maintain basic connectivity, it is sufficient to use wider beams.
[bookmark: _Ref481735594]In most cases, wide beams can be used to maintain basic connectivity between the NW and the UE.
One advantage with wide beams is that … they are wide, implying that the connection quality will be invariant to rather large UE movements. As long as the UE moves with reasonable speed, the best wide beam will not change rapidly, and we can make the following observation:
[bookmark: _Ref481735611]The same wide beam can be used during long periods.
During the NR standardization, there has been a lot of activity on beam management topics in general. One method that has received attention is procedures based on aperiodic reporting based on CSI-RS. In such a procedure, the NW would schedule transmission in a number of CSI-RS resources, and request the UE to report. This procedure can be applied during the on durations, with little impact to the UE power consumption, if the NW so desires. Hence, we can observe: 
[bookmark: _Ref481735618]The NW may perform beam management during the on durations, using already agreed beam management procedures, e.g., by triggering an aperiodic CSI measurement.
In addition to the NW triggered beam management procedure, there has been much discussions on beam recovery [1]. In beam recovery, the UE transmits an UL signal if it estimates that the quality of the serving beam falls below a certain threshold. Clearly, the same procedure is applicable in DRX as well:
[bookmark: _Ref481735625]The beam recovery procedure is applicable also during DRX periods.
The beam recovery request signal may have to be transmitted outside the on durations, similar to when new UL data arrives.
We can thus note that both beam management based on aperiodic CSI-RS, and beam recovery are readily applicable also in DRX. These two procedures are sufficient to provide adequate performance also in DRX. By wider beams at both nodes, the same beam can be reused for longer periods of time. Hence, we propose:
[bookmark: _Ref481735670]Do not specify additional beam management procedures for UEs in C-DRX.  

Conclusions
In this contribution, we made the following observations:
1. Beam management outside the on durations will increase UE power consumption.
1. In most cases, wide beams can be used to maintain basic connectivity between the NW and the UE.
1. The same wide beam can be used during long periods.
1. The NW may perform beam management during the on durations, using already agreed beam management procedures, e.g., by triggering an aperiodic CSI measurement.
1. The beam recovery procedure is applicable also during DRX periods.
Based on the discussion in this contribution we propose the following:
1. Do not specify additional beam management procedures for UEs in C-DRX.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref481144744]R1-1714293, Mechanism to recover from beam failure, Ericsson, RAN1#90, Prague, August 2017




