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Introduction
In 3GPP TSG RAN #80 meeting, a New SID: Study on UE power saving in NR was approved [1]. The objective of this SI was made as follow.  
	The objective is to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact.  The objective of the UE power saving study includes the following,
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
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode



In this contribution, aspects of DRX, PDCCH monitoring, slot scheduling, MIMO, BWP and CA/DC for UE adaptation to the traffic characteristics are discussed. 
Traffic and UE power consumption characteristics
Different traffic types may have some common characteristics. For example, for voice call (such as VoIP) or video conference, the data of voice or video may be transmitted periodically with medium data size and the total latency may not significantly influence UE experience. For streaming video or data downloads, the data stream will be broken into certain number of data blocks by network side, and the data blocks are transmitted to UE with certain periodicity. For gaming or automatic driving, the very low latency shall be required and the downlink/uplink data may be transmitted with small periodicity. For the applications described above, they have three common characteristics as follow: periodicity, data size and latency requirement. Therefore, gNB can set a proper configuration for UE based on these common characteristics to reduce UE power consumption.  
Observation 1: gNB can make a proper configuration for UE power saving based on characteristics of data, such as, periodicity, data size and latency requirement.

The current service information of UE can be roughly obtained by network side. And, the common characteristics of periodicity, data size and latency requirement can be estimated roughly by current services information. Therefore, gNB can make a proper configuration for UE based on these characteristics to reduce UE power consumption. Since most of UE Tx/Rx activities are pre-configured by gNB. And, gNB can set appropriate configuration for best UE power efficiency. So the necessity for UE assistant information should be carefully considered as the characteristics of data can be roughly obtained by network side. 
Observation 2: The characteristics of data package can be roughly obtained by network side.
Proposal 1: The necessity for UE assistant information should be carefully considered since characteristics of data can be obtained by network side. 
gNB can set configuration for UE with adaptation to the common characteristics of data or traffic types. The following aspects can be enhanced for UE power saving: DRX configuration, PDCCH monitoring, slot scheduling, MIMO, BWP, CA/DC, etc. Furthermore, the potential techniques should be configurable for gNB, and it should be up to gNB to decide whether these potential techniques are used or not. 
Proposal 2: The potential techniques for UE power saving should be configurable for gNB.
Discussion on Power saving from adaptation
DRX enhancement
For RRC_CONNECTED mode, C-DRX operation is used in both LTE and NR for power saving. An example of C-DRX operation is shown in Figure 1 with DRX parameters of {Inactivity Timer = 3, on duration timer = 2, short DRX cycle = 5, long DRX cycle = 10, short DRX cycle timer = 5}. For the slot of {0, 0}, a UL/DL scheduling is granted. Then, an “Inactive Timer” shall be triggered and last for 3 slots (Inactivity Timer = 3). UE keeps monitoring the PDCCH until the “Inactivity Timer” expires. When the ‘”Inactivity Timer” expires, the UE can go into sleep state to reduce power consumption. An “On Duration” is configured for each DRX cycle. “On Duration” period starts from slots of {0, 5} with short cycle of 5 slots (short DRX cycle = 5). During the “On Duration” period, a UE shall monitor the PDCCH. A long DRX cycle will be triggered after 5 short DRX cycles (short DRX cycle timer = 5). The “Inactivity Timer” shall be restarted when there is a new data transmission or UL/DL scheduling. 
[image: ]
Fig. 1 Example of C-DRX operation
For power saving, gNB can configure the following DRX parameters for UE according to the characteristics of traffic: on duration, inactivity timer, short DRX cycle, long DRX cycle, short cycle timer, etc. However, the existing DRX parameters in Rel-15 may not meet large range of requirements for NR scenarios, such as stringent latency for URLLC and relax latency for mMTC. For the DRX enhancement in Rel-16, the DRX parameters could be dynamically indicated, the state (i.e. On duration, opportunity for DRX) in DRX could be configured/switched by L1 signalling, DRX’s parameters could be extended, DRX parameters match real traffic, etc. However, carefully considerations of latency and overhead should be taken for DRX enhancement. 
Observation 3: The existing DRX parameters in Rel-15 may not meet large span of requirements for NR, such as stringent latency for URLLC and relax latency for mMTC. 
Proposal 3: If DRX enhancement is studied for Rel-16, latency and overhead should be considered.
PDCCH monitoring enhancement
During the process of PDCCH-only monitoring (case of no active data transfer), not only PDCCH blind decoding leads to power consumption, baseband procedure (synchronization / timing, DMRS, demodulation, etc) and radio frequency procedure (receiving, filtering, etc) also contribute the power consumption. In most cases, a UE wakes up with no data transfer and most of UE’s power is consumed by PDCCH-only monitoring. If a UE is informed in advance for no data transfer by a signal/channel, it would be helpful to reduce power consumption by reducing PDCCH-only monitoring. A compact DCI may be considered as potential method for reducing PDCCH-only monitoring. It has less contents than normal DCI and indicates whether skipping PDCCH-only monitoring or updating DRX parameters. Some other solutions such as CSI-RS or WUS/GTS can be considered for reducing PDCCH-only monitoring. An example for WUS/GTS operation is shown in Fig. 2.
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Fig. 2 Example of WUS/GTS operation
In order to obtain more power saving gain by reducing PDCCH-only monitoring, the following candidate solutions can be studied further: more dynamic DRX configuration, a compact DCI, two-stage DCI, L1 signal, wake-up signal/channel to start PDCCH monitoring, go-to-sleep signal/channel to terminate PDCCH monitoring. Nevertheless, implementation, flexibility, compatibility, UE experience, etc introduced by those potential techniques should be taken into consideration.
Observation 4: In most cases, UE wakes up without grant and a great proportion of power is consumed by PDCCH-only monitoring. 
Proposal 4: If PDCCH monitoring enhancement is studied for Rel-16, following candidate solutions may be studied: more dynamic DRX configuration, a compact DCI, two-stage DCI, L1 signal, wake-up signal/channel, go-to-sleep signal/channel, etc. 
Slot scheduling enhancement 
A large proportion of UE’s time is cost by PDCCH-only monitoring, with no PDSCH reception. If k0 is configured to be larger than zero in all pdsch-symbolAllocation IE, UE can stop receiving the remaining OFDM symbols of the slot. However, if there is a case of k0=0 (same slot scheduling) configured, UE has to receive the remaining OFDM symbols of the slot when it detects and attempts to decode PDCCH. The entire DL bandwidth could be scheduled for the UE and power is consumed for the case of no PDSCH transmitted. For very low latency requirement (such as URLLC), k0=0 should be configured for UE. For the scenarios that certain latency (such as eMBB) is tolerable, k0>0 configuration (cross-slot scheduling) might be preferable for UE power saving. In NR Rel-15, cross-slot scheduling (k0>0) and same slot scheduling (k0=0) have been supported. And, gNB should set a proper values of k0 by balancing power saving gain and latency/throughput requirement based on the traffic characteristics or UE types (URLLC, eMBB, mMTC). 
Proposal 5: Cross-slot / same slot scheduling should not be discussed for power saving because it has been supported for Rel-15 and it's just a matter of implementation, although it is helpful for power saving. 
If the data streams from different services need to be transmitted synchronously for a UE, they can be scheduled on the same slot. We can call it as centralized scheduling. With the centralized scheduling, UE can detect and receive only one slot for PDSCH which may be helpful for power saving. An example for centralized scheduling is shown in Fig. 3. Besides, solutions of traffic matched scheduling can be studied for UE power saving. 
[image: ]
Figure 3 Example of centralized scheduling
Proposal 6: If slot scheduling enhancement is studied for Rel-16, traffic matched scheduling and centralized scheduling can be considered.
MIMO enhancement 
One technology requiring significant UE power consumption is MIMO operation. Several different aspects contribute to power consumption in MIMO operation including
· Multi-panel CSI/beam measurement: In NR beam management and CSI acquisition, UE may need to use multiple antenna panels to measure CSI or beam information. The utilization of multiple panels can enable beam sweeping across multiple UE panels. However, multi-panel measurement is not always needed.  Using multiple UE antenna panels for beam measurement would cost large power consumption, and panel switching or multi-layer transmission is not always possible according to the channel variation.  Therefore, it is not power efficient to keep all the UE panels on for beam measurement.
· Multi-layer data reception: Using multiple DL DMRS ports can enable multi-layer DL transmission for SU throughput performance. However, the DCI based port indication is adaptive to the channel variation and MU scheduling. gNB can schedule MU transmission with one layer for each UE in the MU group. Hence the multi-layer transmission is not always the best choice even the channel allows multi-layer. As the port indication is quite dynamic, UE may need to turn on all the Rx antennas even single-layer transmission is scheduled, which can cause large UE power consumption unnecessarily.
· Multi-port UL transmission: Similar to the above two aspects, in UL transmission, multiple SRS/DMRS ports would cause large UL transmission power consumption with limited performance gain sometimes. 
For the above power consumption aspects, it would be helpful to let UE turn off some antenna ports/panels. For example, gNB can inform UE to activate or de-activate some non-useful ports/panels through dynamic L1 or L2 signaling. Further, UE may need to report some information so that gNB can make a proper decision considering performance, power consumption and latency. If UE needs to activate some non-active ports/panels, the network needs to guarantee a tolerable latency for UE turning on some modules. In Rel-15 NR, the standard does not well support any scheme to enable UE or gNB to efficiently turn on-off or activate/deactivate any antenna group. It lacks coordination between UE and gNB for antenna panel/port activation/deactivation. It would be useful to study antenna group activation or deactivation mechanism in Rel-16.
Proposal 7: Study the aspects of activating/de-activating some UE antenna panels/ports for CSI/ beam measurement, DL data reception and UL transmission.
BWP enhancement 
The maximum bandwidth for NR is 100MHz for FR1 and 400MHz for FR2. Bandwidth parts (BWP) operation has been introduced and supported for NR in Rel-15. Up to 4 BWPs can be semi-statically configured for a UE. Different numerology configurations are set for each BWP and the BWP can be dynamically indicated with the use of DCI . 
When an active data is transmitted, a BWP as close as possible to maximum effective BWP should be configured for UE. Wherein maximum effective BWP is equal to min{BWP of active data, max BWP supported by UE}. Active data should be transmitted by minimum times of transmission without bandwidth limitation. Minimum number of PDCCH detecting and other operations are required which is beneficial for UE power saving. In general, only one transmission is preferable. Appropriate BWP can be configured for UE power saving according to the size of data for power saving. For the case of no active data transmission, the UE goes back on default BWP or initial BWP whose bandwidth is small. BWP operation is a useful power saving techniques in NR. For UE power saving, smaller BWP can be considered for Rel-16 and it can be treated as default BWP. Then, since UE can detect smaller bandwidth when it falls back on default BWP, the power consumption for UE may decrease a lots. The longest transition time for different BWP is 2ms for NR. Faster BWP adaptation to traffic can be studied further for BWP enhancement. BWP operation is an efficient and mature power saving technique in Rel-15. 
Proposal 8: BWP operation is an efficient and mature power saving technique in Rel-15, and the necessity of BWP enhancement should be carefully considered. 
Proposal 9: If BWP enhancement is studied for Rel-16 for power saving, solutions of smaller default BWP and faster BWP adaptation can be considered.
CA/DC enhancement 
Generally, for carrier aggregation (CA), most data may be transmitted on primary carrier component (PCC). If a secondary carrier component (SCC) is activated while no data is transmitted on SCC, then the UE has to perform CSI measurements / reports which may result in UE power consumption. If an SCC is deactivated, then the UE does not need to perform CSI measurements / reports which may reduce power consumption for UE. CA for intra-band and inter-band may have diffident power consumption. For DC, it has similar power consumption as CA. 
When a data package needs to be transmitted, CA/DC should be enabled for fast completion of data transmission and UE goes into sleep as soon as possible for power saving. Nevertheless, when small data package or no data is transmitted, fast release of CA/DC is needed for power consumption reduction. In 4G-LTE and 5G-NR, a SCC or SCell is activated (or deactivated) by a MAC CE. Therefore, the latency for CA/DC activation (or deactivation) is long. For a burst traffic data (e.g., video or file download), the CA/DC activation should be triggered quickly. And, if the data is transmission is finished, deactivation should be enabled rapidly for power saving. For more power saving gain for adaptation to traffic, further study is required on fast CA/DC activation and deactivation. And, cross cell scheduling, faster cell switching, etc can be studied for CA/DC enhancement.
Observation 5: The power is consumed for CSI measurements / reports when SCC/Scell are enabled while there is no data transmitted.
Proposal 10: If CA/DC enhancement is studied for Rel-16 for power saving, deactivation of Scell, cross cell scheduling and faster cell switching can be considered.
Conclusion
The following observations and proposals have been made:
Observation 1: gNB can make a proper configuration for UE power saving based on characteristics of data package, such as, periodicity, data size and latency requirement.
Observation 2: The characteristics of data package can be roughly obtained by network side.
Observation 3: The existing DRX parameters in Rel-15 may not meet large span of requirements for NR, such as stringent latency for URLLC and relax latency for mMTC. 
Observation 4: In most cases, UE wakes up without grant and a great proportion of power is consumed by PDCCH-only monitoring. 
Observation 5: The power is consumed for CSI measurements / reports when SCC/Scell are enabled while there is no data transmitted.
Proposal 1: The necessity for UE assistant information should be carefully considered since characteristics of data can be obtained by network side. 
Proposal 2: The potential techniques for UE power saving should be configurable for gNB.
Proposal 3: If DRX enhancement is studied for Rel-16, latency and overhead should be considered.
Proposal 4: If PDCCH monitoring enhancement is studied for Rel-16, following candidate solutions may be studied: more dynamic DRX configuration, a compact DCI, two-stage DCI, L1 signal, wake-up signal/channel, go-to-sleep signal/channel, etc. 
Proposal 5: Cross-slot / same slot scheduling should not be discussed for power saving because it has been supported for Rel-15 and it's just a matter of implementation, although it is helpful for power saving. 
Proposal 6: If slot scheduling enhancement is studied for Rel-16, traffic matched scheduling and centralized scheduling can be considered.
Proposal 7: Study the aspects of activating/de-activating some UE antenna panels/ports for CSI/ beam measurement, DL data reception and UL transmission.
Proposal 8: BWP operation is an efficient and mature power saving technique in Rel-15, and the necessity of BWP enhancement should be carefully considered. 
Proposal 9: If BWP enhancement is studied for Rel-16 for power saving, solutions of smaller default BWP and faster BWP adaptation can be considered.
[bookmark: _GoBack]Proposal 10: If CA/DC enhancement is studied for Rel-16 for power saving, deactivation of Scell, cross cell scheduling and faster cell switching can be considered.
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