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Introduction
To reduce the power consumption at UE side, UE can take advantage of the information available inside handset such as traffic arrival rate/pattern, application layer traffic’s throughput/delay requirements, implementation specific power consumption characteristics of RF and BB for different frequency, bandwidth, number of carriers, scheduling time line etc. Some of this information could be directly used at UE side for reducing power, but in most cases this information could be transferred to network to help network configure/schedule UE for power saving. This is because the power consumption of UE highly depends on UE configuration, and the configuration is done by the network.

In this paper, we further discuss UE assistance information to help network make better resource allocation decision/configuration for UE power saving.
UE Indication of Minimum Applicable Values for K0/K2
RAN1#98b made following decisions regarding minimum applicable values.
	Agreements:
UE higher layer signalling (detailed mechanisms up to RAN2) of suggested minimum applicable values for K0/K2 (one for each) for applying cross-slot scheduling is supported:
· For each of the all possible SCSs, the values are reported separately
· For same-carrier scheduling, each suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: [2-4] slots
· 60kHz/120kHz SCS: [4-8] slots 
· FFS how to apply the values to the cross-carrier scheduling case in terms of minimum applicable value



There were two different views on above mentioned UE higher layer signaling : UE capability and UE assistance information. We see that the nature of reported information is UE preferred choice rather than UE capability. For example, when data transfer delay is not a big concern to UE, UE can tradeoff increased delay with reduced power consumption. In such case UE could indicate that it prefers to operate in cross slot scheduling mode. In another case, power consumption may not be a issue, e.g., when UE is connected to power source with active gaming application with very low delay requirement, UE may not want to operate in cross slot scheduling mode. In such case, UE could indicate its preferred value of 0 to network. 

If this higher layer information is sent through UE capability, then UE cannot indicate its preference to adapt difference situation. It gets to up to network when to start applying cross slot scheduling. From both UE and network point of view, it is better to have indication from UE to network on when the feature could be enabled and which value could be used if enabled.

Proposal 1 : Include UE preference on minimum K0/K2 value in UE assistance information.

Indicated Value
According to the current agreement, UE can indicate suggested minimum applicable value per SCS. The suggested range is given as from 1 to [2-4] for 15kHz, and [4-8] for 60kHz. We think the maximum number which UE can indicate should be large enough. Ideally it should be able to indicate the maximum configurable number for K0/K2. Larger number in general give higher flexibility in UE configuration and operation.

Proposal 2 : For same-carrier scheduling, each UE suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: 4 slots
· 60kHz/120kHz SCS: 8 slots
Reuse of Overheating Information IE
During RAN2#107b, following decision was made regarding UE assistance information.
	Agreements:
1 The network should be able to distinguish from the received message whether it is for overheating or power saving purpose.
2 The maximum aggregated bandwidth DL/UL (FR1 and FR2) from Rel-15 overheatingAssistance I.E is re-used for power saving.
3 The total number of DL/UL SCells from Rel-15 overheatingAssistance I.E is re-used for power saving
4 The maximum number of MIMO layers DL/UL (FR1 and FR2) from Rel-15 overheatingAssistance I.E is re-used for power saving.
5 Introduce a new I.E. in UEAssistanceInformation message including the above selected fields from overheatingAssistance I.E.
6 The new type of UE assistance information in support of power saving has its own prohibit timer



It has been agreed to reuse existing overheating assistance IE for power saving purpose. The detailed discussion/decision is up to RAN2. In this contribution we provide our view on a few discussion points. 
	OverheatingAssistance ::=           SEQUENCE {
    reducedMaxCCs                       SEQUENCE {
        reducedCCsDL                        INTEGER (0..31),
        reducedCCsUL                        INTEGER (0..31)
    } OPTIONAL,
    reducedMaxBW-FR1                    SEQUENCE {
        reducedBW-FR1-DL                    ReducedAggregatedBandwidth,
        reducedBW-FR1-UL                    ReducedAggregatedBandwidth
    } OPTIONAL,
    reducedMaxBW-FR2                    SEQUENCE {
        reducedBW-FR2-DL                    ReducedAggregatedBandwidth,
        reducedBW-FR2-UL                    ReducedAggregatedBandwidth
    } OPTIONAL,
    reducedMaxMIMO-LayersFR1            SEQUENCE {
        reducedMIMO-LayersFR1-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR1-UL            MIMO-LayersUL
    } OPTIONAL,
    reducedMaxMIMO-LayersFR2            SEQUENCE {
        reducedMIMO-LayersFR2-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR2-UL            MIMO-LayersUL
    } OPTIONAL
}



reducedMaxCCs
The reducedMaxCC in OverheatingAssistance IE can indicate only the number of CCs for DL and UL. This could be useful information for network to indicate how many CCs the UE wants to be configured. Based on this information, network could configure different number of CCs for data transfer. However, this is too coarse information.

Problem is that the number of CC includes both cells in MCG and SCG, and UE cannot indicate specific cells it prefers. As discussed in our previous contribution, one motivation for sending UE preferred SCell information is to avoid SCells with low throughput compared to others. If UE is configured with extra cells, there is fixed power cost to configure/active/operate it. However, if the additionally configured cells do not end up with increased throughput or give low throughput enhancement compared to additional power increase, then, it is better to avoid those SCells. UE should be able to notify this to network by indicating specific SCells it want to avoid/deactivate/de-configure.

Proposal 3 : For SCell related information in UE assistance information, include cell specific indication for indicating activation/deactivation/configuration.

reducedMaxBW-FR1/2
This field includes maximum aggregate bandwidth across all carriers in FR1/2. This could also be further improved to include BWP specific information rather than having aggregated BW information only such as preferred bandwidth for each BWP which could be optimized for current application. Depending on current application, UE could use different sets of BWP. The inactivity timer value is also very important factor affecting how often UE switches BWPs.

Proposal 4 : Extend the bandwidth related information to include BWP specific information : bandwidth of BWPs, and bwp-inactivity timer value.

reducedMaxMIMO-LayersFR1/2
The problem of reusing this IE is that there is only a single number for all DL BWP and serving cells. For example, reducedMIMO-LayersFR1-DL includes max MIMO layer across all DL BWPs and serving cells in FR1. Since there is only single value for DL-FR1, the indicated value is understood as the max across DL of all serving cells in FR1. Same applies for UL-FR1, DL-FR2, and UL-FR2. Since this is a single number limiting all serving cells and all BWPs in the each cell, it may not be that useful. In most of cases for UE power saving, UE may need different number of MIMO layers for different bandwidth. For example, 4 for BWP A with 100MHz for high data transfer, 2 for BWP B with 50MHz for medium rate, and 1 for BWP C with 10MHz for very low activity. Thus, what is more useful is the per BWP MIMO layers indications rather than single number across all BWPs in all serving cells. The current single number is not useful since it corresponds to the max layer which UE uses when it need high data rate which is not the case for power saving.

Observation : reducedMaxMIMO-LayersFRx is not useful information for UE power saving since it corresponds to the max layer across all BWPs and all serving cells in FRx. The max layer is typically used when UE needs high data rate which is not the situation where UE expect saving power.

Proposal 5 : UE assistance information includes UE preferred per BWP MIMO layer indication.
Conclusions
In this contribution, we have provided our view on UE assistance information on K0/K1 and reuse of overheating information. We think the new IE could be further extended to further include more specific information which is useful to network.

Proposal 1 : Include UE preference on minimum K0/K2 value in UE assistance information.

Proposal 2 : For same-carrier scheduling, each UE suggested value is in the range from 1 to 
· 15kHz/30kHz SCS: 4 slots
· 60kHz/120kHz SCS: 8 slots

Proposal 3 : For SCell related information in UE assistance information, include cell specific indication for indicating activation/deactivation/configuration.

Proposal 4 : Extend the bandwidth related information to include BWP specific information : bandwidth of BWPs, and bwp-inactivity timer value.

Proposal 5 : UE assistance information includes UE preferred per BWP MIMO layer indication.
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