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Discussion and Decision
1
Introduction
RAN1#86 meeting agreed on bunch of beam management related definitions/terminology, L1/L2 beam management procedures, and study areas[1]. For instance, the following study areas were to be studied:
· Consider different channel reciprocity assumptions in beam management procedures 

· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency

· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links

· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,

· Joint determination: Tx beam and Rx beam are determined jointly

· Separate determination: Tx beam or Rx beam are determined sequentially. 

· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination

· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission
This contribution discusses the beam management and how it should be applied in case of DRX.
2
Discussion
LTE exploits C-DRX (Connected mode DRX) concept for the UEs in RRC_CONNECTED state to save the UE power when data transmissions happen infrequently – still with the frequency it does not make sense to release the UE into IDLE. UE will listen to the DL control channels upon waking up from DRX time duration condigured by the NW – onDurationTimer – and if no DL transmission occurs, it will go to DRX after the onDurationTimer expires. For NR, RAN2 has agreed to study a RAN controlled “new state” which should achieve comparable power efficiency to that of LTE IDLE state but maintaining the UE context in RAN to minimize the access latencies when data again occurs in the buffers. However, even the “new state” would become the main power saving state for NR UEs, it might not be possible to exploit that for all the usage scenarios, e.g., due to loss of UL time alignment etc., when the data transmissions occur enough frequently, say every 100ms – still it would be desirable to be able to apply DRX by the UE. Thus, similar C-DRX concept is expected to be needed also for NR to be able to save UE power consumption during inactivity when camped on CONNECTED.
Observation 1: C-DRX is required in NR CONNECTED state for minimizing UE power consumption.

Considering the multi beam based cells/TRPs, however, they require to support the maintenance of beam synchronization between the UE and TRPs/NW. As shown in [2], the strongest Rx beam for the UE may change extremely frequently, for certain scenarios mostly even within 5-15ms, e.g., based on UE movement, rotation, etc. Reflecting this to the LTE C-DRX concept, even the smallest DRX cycles are comparable to these numbers – short DRX cycle is configurable between 2-640ms, long DRX cycle between 10-2560ms. Assuming similar DRX durations are needed also for the NR system to keep the UE power consumption sufficiently low also in CONNECTED state, it can be expected the beam synchronization between UE and TRP may be lost during the DRX. Conversely, the UE should be kept active listening to the DL control channels as little as possible to maximize the power saving, ie., on duration time should be minimized. Thus, recovering the beam synchronization upon UE waking up from DRX shall strive for shortest possible time duration to minimize the on duration time.
Observation 2: Due to UE movement, rotation, etc., beam synchronization between UE and TRP may be lost during DRX.
Proposal 1: Beam management procedure(s) to synchronize TRP beams with UE beams shall aim at minimizing the UE On duration time to enable maximum power saving for C-DRX.
When the UE wakes up from the C-DRX, UE would need to synchronize to DL and be ready to receive DL as defined by the C-DRX procedure (monitoring requirements). Depending on the UE implementation and final synchronization design the UE would likely first attempt to re-synchronize in order to measure the beam specific signals on downlink to determine the Rx beam synchronization. Once synchronized the UE would need to decode the DL control channels for possible DL allocations. 
As the UE moves in the environment the strongest beam for serving the UE will change over time. Depending on the chosen mobility procedure and assuming non-network controlled mobility, the NW will not be up to date concerning which beam would the strongest serving beam for the UE. I.e. network would not be aware via which beam(s) it should schedule the UE. If the NW schedules the UE based on the previous serving beam and the UE does not respond it could be because UE has moved away from the beam serving area or the UE missed the scheduling. 

One way to solve this issue of beam change during DRX could be through mobility procedures or some sort of cell paging approach could be applied. The latter option may involve higher DL signalling burden when the amount of beams in a cell increases. The former option, however, could be based on NW measurement configuration enforced by the UE based on DL signals. For instance, when UE determines the beam change from DL signals when it wakes up from the DRX, the UE would indicate to network which beam could be used the NW to best reach the UE. E.g., this could involve measurement event triggering and reporting through scheduling request procedure by the UE. As indicated above such beam change could happen very frequent, thus, this could have significant impact on the UE power consumption. Hence, procedures to minimize the UL signalling needed by the UE to the NW upon beam change should be seeked.
Observation 3: UE is the first entity determining its Rx beams synchronization after DRX.

Proposal 2: Consider UE initiated UL signaling solutions for recovering from beam desynchronization when the UE is in active mode

Alternatively, e.g. for inactive UEs, would be to apply a paging style approach in a similar manner as in LTE and other legacy systems. This kind of procedure only requires UE to monitor in DL at certain time instances and would remove the need for the UE to transmit in UL for the sole purpose of performing cell/beam update.

As indicated above, RAN1 was to study beam management solutions utilizing potentially multiple beams or beam groups between the UE and NW. For instance, depending on the UE position in the cell, it could be under coverage of multiple sufficient beams (group of beams) via certain direction and possibly also under coverage of multiple of such beam groups via different directions – depending on the UE transceiver (e.g., number or Rx antenna porst) architecture/capability, it may be able to receive via multiple beams from different directions (ie., beam groups) at the same time. Since the UE could be reachable via multiple beams via different beam groups by the NW, the link robustness as well as communication performance could be improved. On the other hand, the UE may not be able to receive from multiple beams of different beam groups simultaneously, in which case the NW should be aware what beam group the UE is listening in any given time – applicability of the DRX concept to synchronize the active beam groups between UE and NW at any given time should be studied.
Observation 4: Beam grouping can enable link robustness and improve communication performance.
Proposal 3: Consider beam/beam group specific DRX concepts to improve performance and beam management efficiency.
3
Conclusion

In this contribution we analysed the DRX implications to beam management based on which we made the following observations/proposals:
Observation 1: C-DRX is required in NR CONNECTED state for minimizing UE power consumption.

Observation 2: Due to UE movement, rotation, etc., beam synchronization between UE and TRP may be lost during DRX.

Observation 3: UE is the first entity determining its Rx beams synchronization after DRX.

Observation 4: Beam grouping can enable link robustness and improve communication performance.

Proposal 1: Beam management procedure(s) to synchronize TRP beams with UE beams shall aim at minimizing the UE On duration time to enable maximum power saving for C-DRX.
Proposal 2: Consider UE initiated UL signaling solutions for recovering from beam desynchronization if such happens during sleep when the UE is configured with C-DRX in Connected state.

Proposal 3: Consider beam/beam group specific DRX concepts to improve performance and beam management efficiency.
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