3GPP TSG-RAN2 WG2 Meeting #97bis
R2-1703461
Spokane, Washington, USA, 3-7 April 2017
Source: 
Huawei, HiSilicon
Title: 
UE power saving mechanism with beamforming
Agenda Item:
10.3.1.7
Document for:
Discussion and decision
1 Introduction
The NR work item considers frequency ranges up to 52.6GHz, in which beamforming is obligatory to achieve acceptable coverage.This contribution discusses UE power saving mechanism in the presence of beamforming and beam sweeping.

2 Discussion
2.1 Non DRX mode
In LTE RRC_CONNECTED, UE continuously monitors PDCCH (when in non DRX mode) regardless of whether the network schedules it in the TTI. By contrast, in a beamformed deployment, NR may schedule different sets of beams in different times (beam sweeping), so that for any particular beam, there can be significant amounts of time when it is inactive. If the network schedules UEs served by one set of beams, other UEs served by other beams that are not active at the same time will waste power to attempt to receive any signal. So beam transmission mechanism creates chances that UE can go to sleep, even if the traffic condition of the UE is would not normally support DRX (e.g. full buffer service).
For example, in Figure 1, the serving beam of UE1 is beam1. UE1 goes to sleep during the time when the network schedules other beams. If the network informs UE of the schedule pattern of its serving beam (or of every beam), UE could go to sleep during the time when the network will not schedule the serving beam. The network can inform the short term beam schedule pattern.   
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Figure 1 UE power saving techniques in Non DRX mode

Observation 1: UE could go to sleep when the network does not schedule the serving beam, even in non DRX mode.
Proposal 1: Consider UE power saving techniques utilizing the beam transmission characters in non DRX mode.

2.2 DRX mode
In DRX mode, LTE eNB configures UE with a set of timers defining the active time when the UE need to be active and monitor PDCCH. The eNB moves the UE to DRX mode when there is no more data available for the UE. The active time of every cycle includes the beginning consecutive onDuration subframes. The time intervals between onDuration will increase the packet transmission delay.
In NR, a similar DRX mechanism could be imagined.  However, if no special coordination with beam sweeping is included, then in the onDuration time, the network may schedule the other beams instead of the UE’s serving beam, so the beam sweeping mechanism will further increase the packet delay.  In the worst case, if there is no coordination of the DRX on-duration with the beam pattern, the network might not schedule the UE’s serving beam during the on-duration at all, delaying the data until the next DRX occasion (when the same problem could happen again).
Observation 2: Beam sweeping mechanism may increase the packet delay in DRX mode.
For DL beam management, the quality of the serving beam may become worse in the inactive time (especially for long DRX) and the best beam may change. When the UE wakes after a long inactive time, the network may start to schedule the data to UE in the serving beam, but UE may not successfully decode the data because the quality of serving beam is poor. This will waste the radio resources as well as delaying data delivery. Therefore, the network needs to know whether the best beam has changed before the network starts to schedule transmissions to the UE, and the UE needs to feedback the best DL beam after a long inactive time.
On the other hand, this simple approach will waste power and radio resources. A more efficient solution should be possible. E.g., UE does not need to feedback the best beam if there is not downlink data, or if the last serving beam is still good enough quality. These aspects should be investigated.
For UL beam management, UE needs to send UL signal (e.g. SRS) to support tracking the best UL beam. As with the downlink, the best UL beam may change during the long inactive time. If UE only sends UL signal after UE wakes in onDuration period, network can only schedule UE after UE sends UL signal. This will increase the packet transmission delay. So DRX needs consider the effect of UL beam tracking signal transmission for UL beam management.

Observation 3: Beam pairs may change during long inactive time, and the network needs to know whether the beam pairs have changed before scheduling the UE.
Proposal 2: Consider the effect of beam sweeping mechanism on packet transmission delay and the effect of beam management on DRX.
3 Conclusion

In this contribution, we discusses UE power saving mechanism in high frequencies. The Observations and Proposals are the following:

Observation 1: UE could go to sleep when the network does not schedule the serving beam, even in non DRX mode.
Observation 2: Beam sweeping mechanism may increase the packet delay in DRX mode
Proposal 1: Consider UE power saving techniques utilizing the beam transmission characters in non DRX mode.

Observation 3: Beam pairs may change during long inactive time, and the network needs to know whether the beam pairs have changed before scheduling the UE.
Proposal 2: Consider the effect of beam sweeping mechanism on packet transmission delay and the effect of beam management on DRX.
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