Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 #98


R1-1908201
Prague, Czech Republic, August 26th–30th, 2019
Source: 
ZTE

Title:
Discussion on Potential Techniques for UE Power Saving
Agenda Item:
7.2.9.4
Document for:
Discussion/Decision
Introduction

In TR 38.840 [1], RAN1’s study shows the substantial power saving gains over the agreed baseline in UE power saving schemes with UE adaptation in frequency domain, time domain, antenna domain, DRX operations, and reducing PDCCH monitoring with different traffic types, such as FTP, IM, web browsing, video streaming, gaming and VoIP,  and network configurations.
In RAN1#95, companies discussed the potential UE assistance information and the following was agreed [2].

Agreements:

The UE assistance information for the power saving schemes for further studies are as follows,

 UE assistance information/feedback to assist network in configurations for UE adaptation

UE preferred processing timeline parameters, e.g., K0, K1, K2 values

UE preferred BWP information/configuration

UE preferred antenna configuration, including MIMO layers, antenna panel awareness information

UE assistance/feedback on the DRX configurations/parameters

UE preferred BWP provided to assist network in BWP switching

UE request on SCell/SCG activation/de-activation/configuration

UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
Other UE assistance information for the power saving schemes is not precluded.
In RAN1#97, the following was agreed[3].

Agreements:

Outside Active Time, the PDCCH-based power saving signal/channel is configured for triggering UE to or not to monitor the subsequent ON duration(s) 

FFS a single vs. multiple durations, particularlly checking consistency with RAN2 agreements

Further study in the new DCI how to potentially indicate at least the following techniques (subject to further WID update):

Indicating UE to use the aperiodic RS

Aperiodic CSI-RS 

Aperiodic SRS

TRS

Triggering aperiodic CSI report

Cross-slot scheduling

Rel-15 DCI-based BWP switching

The power saving techniques can be explicitly included in the DCI contents or implicitly indicated by other techniques (e.g., BWP switching).
In this contribution, the aspects of potential technologies for UE power saving are discussed.

UE Assistance Information
In Rel-15, a UE can provide overheating assistance information in RRC_CONNECTED when detects internal overheating if it was configured to do so. The contents of the UEAssistanceInformation message for overheating assistance include reducedMaxCCs, reducedMaxBW-FR1, reducedMaxBW-FR2, reducedMaxMIMO-LayersFR1 and reducedMaxMIMO-LayersFR2. Similarly, for the purpose of power saving, the UE can also report such kinds of information. What’s more, other information, such as UE preferred processing timeline can also help UE reduce power consumption. 

Processing timeline
For processing timeline, a UE with a relaxed processing timeline would be able to work with lower clock frequency and lower voltage which is helpful for reducing UE power consumption. For example, if the value of K0 is greater than zero, the PDSCH will arrive at K0 slots after PDCCH reception, which allows UE to turn off some part of the transmission, reception or processing module for power saving in a period. Compared to gNB, a UE is more aware of its traffic processing capability and the acceptable transmission latency. Therefore, to achieve consensus between gNB and UE on processing/scheduling time relaxation, the UE can report the acceptable minimum threshold (such as K0_min, K2_min) to the gNB to help the gNB make the appropriate selection.

PDCCH decoding time
When cross-slot scheduling is used, relaxing the PDCCH decoding time can reduce the power consumption of the UE. If a data is scheduled before UE finishes decoding the PDCCH, this data will not be received because UE do not need buffer PDSCH during PDCCH decoding. Therefore, the decoding time is an important information for cross-slot scheduling. If UE can report the time for decoding PDCCH when cross-slot scheduling is used, it will help to determine the minimum values.

MIMO layer

UE assistance information of the maximum MIMO layer can help gNB configure the number of layer for UE to reduce power consumption without affecting data transmission.

Number of activated SCell

For CA, the number of activated SCells is an important factor that affects UE power consumption. In the current specification, it is agreed that UE can report the reducedMaxCCs when the UE detects internal overheating, which can easily be extended to the power saving purpose. For the purpose of power saving, the UE can report the preferred number of activated SCells to the gNB. But sometimes it is not a good choice. For example, the UE feeds back that it wants to shut down all SCells to enter to power saving mode, but the gNB has a large amount of data to be scheduled for the UE. Shutting down all SCells will not only affect data receiving rate but also increase power consumption. Another method is that the UE sends a message to indicate the maximum number of activated SCells it can accept. When the number of activated SCells is not larger than the feedback value, the UE can achieve the purpose of power saving. In this case, the number of activated SCells can be modified as requested. .

BWP configuration

The gNB can configure multiple BWPs with different parameters for an UE. For example, the BWP with a large bandwidth has a higher data transmission rate, but the UE power consumption of both the RF and baseband parts is high. The BWP with a small bandwidth is not suitable for processing large data traffic, but the power saving effect is more obvious. Although the gNB always know the BWP configuration of the UE, but the gNB cannot know whether UE needs to enter to power saving mode. So, UE reported assistance information of preferred BWP or preferred BWP configuration would be beneficial for UE power saving. In addition, if the gNB configures parameters such as processing timeline for each BWP, the gNB can change multiple parameters by activating the preferred BWP reported by the UE.

Proposal 1: UE assistance information, such as processing timeline, PDCCH decoding time, MIMO layers, number of activated SCells, and BWP configuration , can be fed back to gNBs.
On the other hand, the assistance information reported by the UE only considers the requirements of the UE side. Reporting too much assistance information may increase uplink overhead and uplink power consumption. From the perspective of the gNB, it may not be the best choice. Therefore, the assistance information reported by the UE is not mandatory for UE and, it is controlled by the gNB.

Proposal 2: The UE assistance information is not mandatory for UE and it is controlled by the gNB.
Preparation Period
The Power Saving (PS) signal/channel can wake up a UE associated with a preparation period. Preparation period is used for channel tracking, CSI measurements and/or beam tracking to provide efficient PDCCH/PDSCH transmissions and assist UE in decoding PDCCH/PDSCH successfully as well as reducing power consumption. Therefore, the preparation period can be used in preparation for the PDCCH/PDSCH decoding in DRX-ON. In [1], the preparation period could be before or during the DRX-ON duration. If the preparation period is before the DRX-ON duration, UE can be scheduled for DL/UL transmission by gNB immediately at the beginning of DRX-ON duration. However, if the preparation period is during the DRX-ON duration, it occupies some time domain resources of DRX-ON duration and may result in low efficiency or high latency for UE. One of the major use cases for the preparation period is to let gNB acquire the real-time CSI or let UE perform fine time/frequency tracking before receiving PDSCH. Hence both of the above two use cases require triggering aperiodic CSI or CSI-RS. The preparation period can be associated with a resource set configuration and a report configuration, which defines the detailed configurations for channel measurement/reporting. This configuration approach can achieve the above use cases based on the current configuration framework supported in Rel-15. During the preparation period, the UE can measure the channel and report the channel state information to gNB. Fig 1 shows an example of preparation period for power saving.

The aperiodic CSI-RS can be triggered by DCI Format 0_1. There will be 0 ~ 6 bits for aperiodic CSI-RS triggering which is configured by RRC IE “reportTriggerSize”. Similarly, if the aperiodic CSI-RS triggering can be incorporated in the PS signal/channel, then this field can be reused. During the preparation period (especially, before DRX-ON), the synchronization, AGC, etc might not be much good to decode the PS signal/channel. Hence, the decoding performance of the PS signal/channel might be limited. Before DRX on duration, the bit-width of triggering aperiodic CSI-RS should be small, e.g., 0 ~ 3 bits. In addition, it still should be configured by RRC.
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Fig 1  Example of preparation period for power saving

Proposal 3: Report configurations can be used to deliver the measurements of preparation period and the corresponding reported CSI after the power saving signal/channel. 

Proposal 4: A CSI-RS resource set of aperiodic CSI-RS can be configured as preparation period, and a UE can be explicitly informed (triggered) about each CSI-RS transmission instant by means of signaling in PS signal/channel. 

Proposal 5: Bit field for aperiodic CSI-RS triggering should be reused for the PS signal/channel. The configuration of 0 ~ 3 bits is recommended. 

BWP operation
The maximum bandwidth for NR is 100MHz for FR1 and 400MHz for FR2. Bandwidth parts (BWP) operation has been introduced in NR Rel-15. Up to 4 BWPs for uplink or downlink can be semi-statically configured for a UE. Different numerology configurations can be set for each BWP and the BWP ID can be dynamically indicated by a DCI. It is well known that, the BWP with very small bandwidth is very suitable for the applications with small data packets transmission and low power consumption might be achieved. The BWP with very large bandwidth is used to transmit the huge data packet. Therefore, for the case of no data arrival or small data packets transmission, UE would perform PDCCH monitoring, reporting CSI and receive small data packets and so on in small BWP. For large data packets scheduling, UE performs BWP switching based on the DCI indication. The DCI can be, e.g., a Rel-15 DCI, or a power saving DCI.  

The bottleneck of the current DCI based BWP switching is the PDSCH reception performance in the large BWP upon BWP switching. As the bandwidth difference between the small BWP and the large BWP can be very different, the large-scale parameters of the channel state and the CSI acquired in the small BWP may not be identical to the large BWP, especially when the channel is frequency-selective. Hence to guarantee the performance of the PDSCH reception in the large BWP, a simple but efficient solution is to trigger aperiodic CSI-RS for channel tracking or CSI reporting for target BWP in BWP switch as shown in Fig. 2. The aperiodic CSI-RS can locate just before the PDSCH of the target BWP and guarantee sufficient time for UE calculation of the channel parameters. Note that for this mechanism, UE still just processes one BWP at a given time.
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Fig 2  Triggering aperiodic CSI-RS for BWP switching
Proposal 6: Specify mechanism to trigger aperiodic CSI-RS for target BWP in BWP switching. 

Note: No change on the assumption that only one BWP per cell is processed by UE at a given time.
SCell operation
If the UE is configured with CA mode, the more the activated SCells of the UE are, the larger the power consumption of the UE is. Especially in the case of no service transmission or sparse traffic, PDCCH-Only on the SCells will result in much unnecessary power consumption. In the current specification, the activation and deactivation of a SCell is a slow process, which causes a large delay, and frequent activation or deactivation may also cause a large amount of unnecessary power consumption. Therefore, it is helpful to introduce a new behavior, for example, dormancy behavior. It’s a good choice to use a power saving signal/channel to indicate whether a UE to switch to dormancy behavior for some carriers. 

For outside active time, the gNB can sends the power saving signal/channel to the PCell of the UE. And the power saving signal/channel contains the SCell indicator filed indicating the SCell operation (If a UE does not support CA, the UE ignores this carrier indicator field). Optional, the field contain 15 bits, and each bit corresponds to a SCell. When the bit is "1", it indicates that the corresponding SCell switch to dormancy behavior. When the bit is "0", it indicates that the corresponding SCell leaves or does not switch to dormancy behavior. If resources are limited, the size of the indicator field can be reduced, using one bit corresponds to multiple SCells.

For within active time, a simple method is that the UE receives its own carrier indication on the SCell.  The enhancement on the scheduling DCI can be used to indicate the SCell operation. For example, one bit can be added one in DCI format 0_1 and DCI format 1_1 to indicate the operation of the SCell. The meaning of the bit can be same as that of power saving signal/channel outside active time. 

Proposal 7: Power-saving signal/channel should contain a carrier indication field that indicates the SCell operation.

Reducing PDCCH Monitoring
During PDCCH monitoring, it is possible that UE wakes up but there is no data being scheduled. Most of UE’s power is consumed by this kind of PDCCH monitoring (PDCCH-only). The parameter optimization for a search space can be considered for UE power saving. For example, the PDCCH monitoring slot periodicity (Ks) and PDCCH monitoring slot duration (Ts) can be optimized. If the periodicity in monitoringSlotPeriodicityAndoffset IE with Ks (ranging from 1 slot to 2560 slots) and Os (ranging from 0 to Ks-1 slots) for a search space are large, but the value of duration IE (ranging from 1 slot to 2559 slots) for a search space is small, then UE can skip PDCCH monitoring in most slots. It will save a lot of power.
Moreover, for the intermittent data arrival traffic mode, there might be a long time between these two PDCCH monitoring opportunities. Changing PDCCH periodicity parameters for a search space can not skip so long time without increasing the latency. Therefore, if the buffer of gNB is empty, PS signal/channel can indicate skipping PDCCH monitoring with N slots duration for UE. Therefore, it is proposed that the combination of changing PDCCH periodicity parameters and skipping PDCCH monitoring can be used for power saving in NR. Namely, a configuration of zero-valued duration for search space could be supported for the functionality of PDCCH skipping .
It is shown in Fig 3 that an example of PDCCH skipping by dynamic adaptation to PDCCH monitoring periodicity configuration. To be specific, it is assumed the SCS=30KHz and 20 slots per frame. Firstly, UE performs PDCCH periodicity monitoring with Ts=1 slot, Ks=2 slots and Os=0. When the buffer is empty, gNB could indicate a set of PDCCH monitoring parameters, e.g.,(Ts=0, Ks=20 slots, Os=0) to help UE to skip PDCCH monitoring with N slots,.Wherein the value of N depends on the occasion of the indication and the indicated periodicity in the parameter set. After N slots, UE can fall back to with the previous PDCCH periodicity parameters or monitor PDCCH with parameters configured by higher layers, e.g. Ts=3 slots, Ks=10 slots, Os=5 slots.
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Fig 3  An example for reducing PDCCH monitoring by dynamic configuration

Observation 1: The combination of PDCCH skipping and dynamic PDCCH periodicity adaptation can be used for UE in reducing PDCCH monitoring.
Conclusion

In this contribution, we discuss some aspects on UE adaptation to maximum number of MIMO layer. We have the following observation and proposals:

Observation 1: The combination of PDCCH skipping and dynamic PDCCH periodicity adaptation can be used for UE in reducing PDCCH monitoring.
Proposal 1: UE assistance information, such as processing timeline, PDCCH decoding time, MIMO layers, number of activated SCells, and BWP configuration, can be fed back to gNBs.

Proposal 2: The UE assistance information is not mandatory for UE and it is controlled by the gNB.
Proposal 3: Report configurations can be used to deliver the measurements of preparation period and the corresponding reported CSI after the power saving signal/channel. 

Proposal 4: A CSI-RS resource set of aperiodic CSI-RS can be configured as preparation period, and a UE can be explicitly informed (triggered) about each CSI-RS transmission instant by means of signaling in PS signal/channel. 

Proposal 5: Bit field for aperiodic CSI-RS triggering should be reused for the PS signal/channel. The configuration of 0 ~ 3 bits is recommended.
Proposal 6: Specify mechanism to trigger aperiodic CSI-RS for target BWP in BWP switching.

Proposal 7: Power-saving signal/channel should contain a carrier indication field that indicates the SCell operation.
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