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1	Introduction
In Rel-16 NR, new study item (SI) on UE power saving has been agreed to be studied. The objective of the SI is to study UE power saving framework taking into account latency and performance as well as its impact to a network. Some of the objectives of the study item are listed in the following [1]: 
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
In this contribution, the different aspects related to UE adaptation to the traffic are discussed.
2	Discussion on UE adaptation to the traffic
In this section we discuss about mechanisms for UE adaptation to the traffic and assess the feasibility of the existing Rel15 mechanisms. More specifically, we consider mechanisms to adapt in frequency, time and antenna domain as well discuss about DRX configuration. 
2.1	Frequency domain
Frequency domain adaptation is supported in Rel15 by introduction of bandwidth parts (BWPs) and switching between them. UE can be configured with multiple BWPs from which one can active at a time. The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time. The BWP switching can be controlled by the PDCCH indicating a downlink assignment or an uplink grant, by the bwp-InactivityTimer, by RRC signalling, or by the MAC entity upon initiation of Random Access procedure [3GPP TS 38.321, section 5.15].  
One of the configured BWPs can be a default BWP. If the bwp-InactivityTimer associated with the active DL BWP expires and if the default BWP is configured, the UE performs BWP switching to the default BWP. To support power saving the default BWP may be configured with:
- a narrower bandwidth compared to other BWP(s) used for data transmission and reception (frequency domain)
- scheduling offset between PDCCH carrying DCI and scheduled PDSCH K0 > 0 to allow micro-sleep (time domain)
- configuration of CORESET(s) and associated search space set(s) with fewer required blind decodes (fewer candidates per PDCCH occasion and PDCCH occasions with lower periodicity)
Observation: The BWP concept and BWP switching mechanisms provide a good baseline for frequency domain adaptation but also has in-built support for time domain power saving as well as allows reducing PDCCH monitoring burden when UE is in default BWP. 
In context of frequency domain adaptation, activation/deactivation of SCells can be considered also as one mechanism to adapt the UE characteristics to the prevailing traffic conditions. In a corresponding manner as for BWP activation/deactivation, the (RRC) configured Scell can be activated or deactivated by MAC-CE. Configured SCell can also be deactivated based on sCellDeactivationTimer expiry. Both mechanisms (BWP adaptation and SCell deactivation) are of course based on network operation (supported by UE assistance information), but also support autonomous adaptation to the traffic via inactivity timers. 
Observation: SCells activation/deactivation can be used also to provide frequency domain adaptation to enable UE power savings.
It should be noted that for BWP switching and SCell activation(/deactivation), there are corresponding delays and associated interruptions in data transmission/reception as defined in [38.133]. For BWP switching the delay/interruption are dependent on the UE type together with applied sub-carrier spacing. The currently considered values are in order of slots for each SCS i.e. [3] slots for 15 kHz, [5] slots with 30kHz, [9] slots with 60 kHz and [17] slots with 120kHz [Section 8.6.2 in 38.133]. During this time UE is not expected to receive (or transmit) data. Correspondingly for the Scell activation the delays will depend on various factors such as the applied SMTC period and whether the target Scell is known or unknown, the presence of other active cells on the band (FR2) and frequency range (FR1&FR2). Also, in case of activating (or deactivating) the SCell, UE is allowed to interrupt the reception for 1ms on any intra-band PCell or Scell(s). Hence, there is a cost implied in the BWP and SCell adaptation. 
Observation: Change in active BWP or SCell state has delays and results in delays in the data transaction.

2.2	Time domain
The main mechanism in time domain adaptation to the traffic, in connected mode, is the C-DRX framework where UE may monitor the PDCCH discontinuously according to the configured DRX related parameters. Both short (optional) and long DRX cycles are defined. If short cycle is configured, upon expiration of drx-InactivityTimer the UE applies first short DRX cycle to determine the PDCCH monitoring windows (i.e. drx-onDuration) and then if drx-ShortCycleTimer expires the UE applies the long DRX cycle. Conversely, if the short cycle is not configured, upon expiration of drx-InactivityTimer the UE applies the long DRX cycle for the PDCCH monitoring. In addition to the autonomous mechanisms (i.e. activity based), Rel-15 supports a MAC entity based mechanism to instruct the UE to apply C-DRX directly (DRX Command MAC CE) or stop applying short DRX cycle (Long DRX Command MAC CE).
Observation: C-DRX provides good baseline for time domain adaptation based on traffic activity. 
The Rel-15 BWP adaptation, SCell deactivation and C-DRX configuration are operating independently even though the gNB may configure bwp-InactivityTimer, sCellDeactivationTimer and drx-InactivityTimer, respectively, to have corresponding time periods.
Observation: BWP adaptation, SCell deactivation and C-DRX configuration are operating independently even though the gNB may configure bwp-InactivityTimer, sCellDeactivationTimer and drx-InactivityTimer, respectively, to have corresponding time periods.
In the context of RRM measurements (BM and RRM), the RAN4 specification determines the requirements for measurement latencies and accuracy. These requirements set the baseline for the required UE activity in terms of e.g. L1 measurement sampling. When DRX is applied, the mobility related requirements (in terms of cell detection, measurement accuracy) are typically scaled as a function of the applied C-DRX period so that UE can apply reduced measurement activity. Typically, the assumption has been that UE can obtain at least one L1 measurement sample during one DRX cycle or per SMTC period, whichever is higher [3]. I.e. UE is assumed to carry out mobility related measurements even when applying DRX. For SSB based measurements, UE may be required to measure outside the onDuration, if the SSBs don’t fall on it. For CSI-RS based mobility measurements, it has been agreed that UE is not required to perform measurements outside the onDuration. Beam management related requirements have not yet been concluded by RAN4.
Observation: Even in DRX, the UE is assumed to carry out SSB based mobility measurements, albeit with relaxed measurement periods.
Still in the context of measurements, UE can be expected to carry out measurements to maintain time and frequency synchronisation to the serving cell. As raised in [2], in LTE UEs typically wake-up some time before the actual onDuration. This time and its use is of course UE implementation dependent, but it can be assumed to contain re-establishing the time/frequency synchronisation to the target cell, based on some RS(s). Now in difference to LTE, in NR there are fewer always-on signals, only SSB, and periodicity of the SSBs can be configured by the network. Like noted in [2], 20ms SSB period could be a good baseline assumption for the periodicity, at least for FR1 where UEs are assumed to be more likely to carry out initial cell selection. As noted above, UE would be expected to perform intra-frequency measurements based on SSB even during the DRX, and hence it would need to be understood if these are sufficient so that UE can stay synchronized. Of course, the SSB timing (nor SMTC window) may not be aligned with the onDuration (i.e. in DRX) implying that UE could be required to wake-up separately to receive SSB. Thus, in practice only in scenarios where the SMTC period can be configured to be long (i.e. mobility is very low) the mobility measurement based activity might not be sufficient for the UE to maintain time and frequency synchronisation to the serving cell.   
Observation: UE mobility based measurements should be accounted when considering UE activity.
In Rel-15, UE should be configured at least with CSI-RS for tracking (TRS) as a TCI state (of QCL-TypeA and D when applicable) for DMRS of PDCCH (and PDSCH). The periodicity of TRS is given by CSI-ResourcePeriodicityAndOffset and need to belong to {2µ10, 2µ20, 2µ40, 2µ80} slots. Hence, assuming that these are present outside the onDuration, UE could use the TRS also to maintain the time and frequency synchronisation in DRX and re-obtain the synchronisation prior onDuration, if needed.
Observation: TRS could be used in addition to SSBs to UE to maintain the synchronisation to serving cell.  
In LTE UEs might also wake-up prior onDuration to prepare for triggered CSI report (i.e. do measurements based on CRS). In NR, where CSI reporting of CQI, RI and PMI is solely based on configured CSI-RS (periodic/semi-static or aperiodic RS). Reporting can be periodic (on periodic CSI-RS only), semi-persistent by MAC or DCI activation or triggered by DCI activation. The reporting assumptions state that there should be at least one CSI-RS occurrence for measurement in DRX active time for the CSI reference resource. This would seem to indicate that from reporting latency perspective UE is not required to wake-up before onDuration. However, to achieve sufficient stability for interference (via CSI-IM). Hence, for all triggering schemes, when the configured source is periodic CSI-RS, UE’s might wake-up in advance to prepare for the CSI reporting. Thus, this might cause additional UE power consumption, but would naturally be implementation dependent.
Observation: CSI measurement may cause additional UE power consumption in C-DRX.
[bookmark: _GoBack]In addition to the above described methods for time domain adaptation, networks, have timers to release the UE to IDLE after inactivity, where values can be network and deployment specific. Additionally, UEs can be also configured with DataInactivityTimer, which at expiry (due to lack of data activity) results in the UE moving to RRC_IDLE or RRC_INACTIVE state. This timer is naturally rather long and is intended mostly for possible connection error case handling. 
2.3	Antenna domain
Compared to LTE, NR introduced more strongly the spatial domain related procedures especially targeting at FR2 deployments, and hence the traffic related adaptation could be considered to be applied to antenna domain as well. This comprises set of beam management procedures but also extensive QCL framework both in downlink and uplink through which gNb can manage and control transmit and receive beams (beam pair links) both in downlink and uplink. However, Rel15 doesn’t support UE panel aware beam management procedures but those are envisioned to be introduced in Rel16 (NR MIMO Enhancements WID). 
To support UE autonomously to switch off the certain panels without introducing interruptions in transmission and reception capabilities is in some level allowed in Rel15 specifications. Currently, activation of a certain TCI state (TX beam) for the CORESET for PDCCH monitoring and activation of the TCI states for PDSCH beam indication are performed using a MAC-CE command. There is a MAC-CE activation latency that is the time between the ACK transmission for the PDSCH carrying the MAC-CE message and the time that the UE applies the MAC-CE message. It has been agreed to be 3 ms [3GPP TS 38.214, section 5.1.5]. It’s further assumed that time required by the UE to switch on the panel is less than 3 ms. The UE is then able to autonomously switch off the panel(s) that are not needed e.g. to receive DL PDCCH and DL PDSCH based on the knowledge about activated TCI states. Then, if UE receives MAC-CE to activate a TCI state requiring a panel that is currently switched off the UE may trigger the panel to switched on and because the transition time from the triggering the panel to be switched on to be ready to receive is less than the MAC-CE application latency there shouldn’t be any interruption in the link between gNB and UE as shown in Figure 1. 
[image: ]
[bookmark: _Ref509840257]Figure 1 Activation of TCI state for the UE requiring UE to switch on the panel.

Observation: NR Rel 15 provides some level support to allow UE to switch off the antenna panels. 
However, current mechanisms do not consider panels at the UE side explicitly (no definition for a UE panel) and there are no panel specific measurements to support panel specific beam selection for both downlink and uplink. Panel specific beam measurements would provide gNB information using which the gNB could select DL and UL beams in a way minimizing the amount of required active panels at the UE. Panel specific beam measurements could be established e.g. having:
· L1-RSRP measurements are tagged with a UE panel (id)  can be used for both UE panel aware downlink and uplink beam selection
· Associating SRS resource set(s) to a UE panel  can be used for UE panel aware uplink beam selection.

Observation: Adding UE panel awareness into beam management procedures would provide means for controlled antenna domain adaptation to the traffic. 
Proposal: Possible benefits from the UE panel activation/deactivation to UE power consumption should be evaluated.
3	Conclusions
In this contribution we have discussed about mechanisms for UE adaptation to the traffic and assess the feasibility of the existing Rel15 mechanisms. Based on the discussion the following observations are made:
Observation: The BWP concept and BWP switching mechanisms provide a good baseline for frequency domain adaptation but also has in-built support for time domain power saving as well as allows reducing PDCCH monitoring burden when UE is in default BWP.
Observation: SCells activation/deactivation can be used also to provide frequency domain adaptation to enable UE power savings.
Observation: C-DRX provides good baseline for time domain adaptation based on traffic activity.
Observation: BWP adaptation, SCell deactivation and C-DRX configuration are operating independently even though the gNB may configure bwp-InactivityTimer, sCellDeactivationTimer and drx-InactivityTimer, respectively, to have corresponding time periods.
Observation: Even in DRX, the UE is assumed to carry out SSB based mobility measurements, albeit with relaxed measurement periods.
Observation: UE mobility based measurements should be accounted when considering UE activity.
Observation: TRS could be used in addition to SSBs to UE to maintain the synchronisation to serving cell.
Observation: CSI measurement may cause additional UE power consumption in C-DRX.
Observation: NR Rel 15 provides some level support to allow UE to switch off the antenna panels. 
Observation: Adding UE panel awareess into beam management procedures would provide means for controlled antenna domain adaptation to the traffic.
Proposal: Possible benefits from the UE panel activation/deactivation to UE power consumption should be evaluated.
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