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1. Introduction 

The work item on UE power saving for NR [1] considers methods to reduce power consumption in the CONNECTED state. 

One aspect related to this topic which was summarized in the study item report is related to the UE assistance information. The TR 38.840 study item report states [2]:

At RAN2#106, the following agreements were made related to UE assistance information: [5].
	Agreements

1. UE provides UE assistance to transition out of RRC Connected.  Details on signalling and whether the UE provides release assistance and/or state preference can be discussed in WI phase.  

2. Capture in the TR the following potential UE assistance information:

a. Mobility history information
b. PPI (that is well defined 😊)

c. to enable UE assistance information including (10) UE's preferred C-DRX configuration/parameters.

d. Whether to enable UE assistance information including (11) UE's preferred BWP configuration/parameters

e. Whether to enable UE assistance information including (19) UE's preferred SCell related configuration (e.g. considering (a) based on SCell index, (b) SCell (de)activation, (c) CA (de)activation, (d) number of DL cells and/or UL cells, and/or (e) maximum number of Scell to be configured)




At RAN2#107 meeting, the following agreements were made related to UE assistance information [6].
Agreements:

-
UE assistance reporting follows Rel-15 UE assistance information procedure as a baseline.  The network can configure the UE to be able to report C-DRX UE assistance.  The UE reports only the configured UE assistance information that triggered the report. 

-
C-DRX configuration will be provided in UE assistance.   Include the following DRX configuration parameters in UE assistance: long DRX cycle, short DRX cycle, DRX inactivity timer, short DRX cycle timer. FFS DRX on duration and DRX start offset 

-
BWP and SCells UE assistance there is not enough consensus.  

-
LTE PPI is excluded from UE assistance 
At RAN2#107bis meeting, the following agreements were made related to UE assistance information [7].

Agreements

1. UE assistance of C-DRX configuration will not include UE’s preference for “DRX on duration” and “DRX start offset”.
2. FFS how UE provides “UE’s preferred C-DRX configuration” information: option (1) UE provides its preference based on any value of the corresponding parameter range, or option (2) UE provides its preference based on pre-defined values or set of configurations that were previously conveyed to the UE by the network
3. Prohibit timer will be used as the general framework for UE assistance information and configured per UE assistance type. 
4. FFS UEAssistanceInformation message can be sent without including “UE’s preferred C-DRX configuration” (i.e. if the UE doesn’t have a preference anymore)
At RAN2#108, meeting, the following agreements were made [8] 

	Agreements:

1 For cDRX assistance information, the UE can signal any value within the current value range

2 The UE assistance information for cDRX, state transition, SCell, and aggregated BW, and max MIMO layer can be independently configured (i.e. including prohibit timers).  

3 The UE can provide assistance information when configured to report UE assistance

4 Explicit signalling for ‘no preference’ is not supported for any of the power saving parameters (cDRX, number of SCells, aggregated BW or number of MIMO layers)

5 The UE can report the following:

a. UE can report release only (i.e. no state preference)

b. Indicate explicit state preference   

c. The UE wants to remain in connected mode 

6 FFS SCell and Aggregated BW can refer to any value within the UE capability for the purpose of power saving  [rapporteur will include it in email discussion]


This document considers how the amount of UE assistance information that is transmitted to the network can be controlled in order to reduce the UE power consumption and signaling overhead associated with this assistance information. 
2. Controlled UE assistance information signalling

It can be observed there are multiple potential types of UE assistance information/feedback to assist the network in configurations for UE adaptation. For example, UE preferences on DRX configuration (time domain), bandwidth part operation (frequency domain), antenna configuration, such as preferred MIMO layer (space domain), and processing configuration are some examples and further agreed at the  RAN1#96 meeting [3] CA/DC, cross and same slot scheduling and number of MIMO layers. 
It is advantageous to have multiple types of UE assistance information/feedback available at the gNB so that the UE power saving scheme can be fully optimized to a specific scenario. However, the operation of sending assistance and feedback information should be controlled / managed. Otherwise, excessive UE assistance information/feedback can increase signalling overhead. Transmission of assistance information may also paradoxically consume more energy due to frequent requests (i.e. multiple instances of UE assistance information/feedback transmission) for UE adaptation operation. 

Observation 1: Controlled UE assistance information signalling is required in order to minimize signalling and to avoid excessive frequent UE assistance information transmission that may consume UE energy.

Even with the potential availability of multiple types of UE assistance information/feedback, a gNB may not always support or consider all of that UE assistance information/feedback. For example, a gNB may not want to negotiate the cDRX configuration for a specific UE or all UEs in the cell and hence may not require DRX-related assistance information. In this case, if a UE transmits UE assistance/feedback on the DRX configurations/parameters then gNB may not consider it at all. In this case, it would be beneficial if the gNB informs the UE of the required assistance information when the UE power saving scheme is configured. The configuration can be UE specific and/or applicable to all UEs in a cell. Once the UE acquires this information, the UE will only transmit the supported UE assistance information/feedback to assist the network as indicated in that configuration message.

Proposal 1: When multiple types of UE assistance information/feedback are available, the gNB is able to provide a configuration message (i.e. RRC message) to the UE that specifies relevant UE assistance information the gNB may be interested in.
As indicated earlier, the transmission of multiple types of UE assistance information (e.g. bandwidth adaptation, cDRX adaptation, etc) may consume non-negligible UE energy, especially if the uplink UE assistance information becomes large. It would be beneficial if the UE can group different types of UE assistance information and transmit that grouped information. Moreover, the transmission of UE assistance information should be controlled with a certain periodicity or a minimum time duration from the last UE assistance information transmission occasion in order to limit excessive signalling of assistance data. 
The minimum transmission interval can be represented by a timer value, as proposed in e.g. [R2-1915548], at last RAN2 meeting [8], or in the ongoing email discussion [108#39].
Proposal 2: The transmission of UE assistance information shall be controlled/managed by the gNB, including the possibility of grouping UE assistance information and maximum number of transmissions.

This is e.g. proposed in [R2-1915548], at the last RAN2 meeting [8], and in the ongoing email discussion [108#39]. 
Observation 2: Agreements related to cDRX assistance information have been made, but no detailed agreement has been made related to the stage 3 details for UE Assistance information.  
Proposal 3: C-DRX parameters are suited to be placed in the same group of assistance information.

Further, after the UE transmits its assistance data, it may be beneficial for the UE to receive an acknowledgement from the gNB, e.g. in a form of ACK, NACK. In case of a negative ACK (NACK), the UE can prepare or take alternative actions and/or no longer transmit the same assistance information. 

Proposal 4: gNB may transmit an acknowledgement on the received UE assistance information.
3. UE assistance information related to PDCCH-based power saving signal 
To reduce “idle” channel listening cost when monitoring for PDCCH during C-DRX on/active time duration, a new power saving scheme was introduced in Rel 16. In this scheme, the UE needs to monitor the channel for a new power saving signal within a certain time offset, i.e., PS-offset, outside the Active Time. The power saving signal is a DCI format 3_0 with CRC scrambled by PS-RNTI. The UE continues to listen for PDCCH in the Active Time only if the power saving signal is detected. A certain time gap also needs to be considered between the end of power saving signal monitoring occasion and the start of DRX ON: this is a transition time.
On PS-offset parameter setting and time gap configuration, the following agreement was made in RAN1#99 [10].
Agreements: 
· PS_offset is set with the unit of milliseconds.   The value range of the PS_offset is from [0.125, 0.25, 0.5, 1, 2, …, [15]]ms 
· FFS whether or not to add extra values 
Agreements: 
The minimum time gap between the end of the slot of last DCI format 3_0 monitoring occasion and the start of the DRX ON is a UE capability based on subcarrier spacing. 
· The reporting is per SCS in units of slots of the respective SCS 
· The reported value for a SCS is taken from two possible values per SCS 
· The largest value of minimum time gap in UE capability is no more than the number of slots equal to [3]ms 
· FFS impact of dormancy/non-dormancy transition  
The PS_offset / minimum time gap capability ensures that the UE can wake up in some way between reception of DCI format 3_0 with CRC scrambled by PS-RNTI and the DRX_ON duration. However the UE may alternatively be able to wake up in a more power efficient way, e.g. using a lower power receiver, if a longer PS_offset / time gap were applied. Hence by allowing the UE to signal its preferred value for PS_offset / time gap as assistance information to the gNB in addition to signaling the minimum capability of PS_offset / time gap, we can ensure both consistent operation and allow for better power saving gain.  
Proposal 5: The UE may signal UE assistance information including a preferred value of PS_offset in addition to signaling its minimum PS_offset capability.

4. Conclusion and Summary of Proposals

This document has considered how the transmission of assistance information can be controlled by the gNodeB.

List of observations and proposals.

Observation 1: Controlled UE assistance information signalling is required in order to minimize signalling and to avoid excessive frequent UE assistance information transmission that may consume UE energy.

Proposal 1: When multiple types of UE assistance information/feedback are available, the gNB is able to provide a configuration message (i.e. RRC message) to the UE that specifies relevant UE assistance information the gNB may be interested in.

Proposal 2: The transmission of UE assistance information shall be controlled/managed by the gNB, including the possibility of grouping UE assistance information and maximum number of transmissions.

Observation 2: Agreements related to cDRX assistance information has been made, but no detailed agreement has been made related to the stage 3 details for UE Assistance information
Proposal 3: C-DRX parameters are suited to be placed in the same group of assistance information.

Proposal 4: gNB transmits and acknowledgement on the received UE assistance information.

Proposal 5: The UE may signal UE assistance information including a preferred value of PS_offset and indication on its capability.
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The UE assistance information for any UE power saving scheme is for UE to provide the assistance information to the network in configuration for UE adaptation to achieve power saving gain. UE assistance information reported by UE for power saving is a UE recommendation and the network shall make the final decision on whether and how to use that information.


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











