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1. [bookmark: _Toc120549591]Introduction
At RAN #84 meeting, the WID of UE power saving was approved as the following [1], 
1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
· The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.
 
In this contribution, one scheme to realize the UE dynamic adaptation in RRC_CONNECTED with PDCCH-based power saving signal/channel is discussed. 
2. Discussion on dynamic adaptation of power saving states
In this section, the motivation of defining power saving states, and how to configure and dynamically indicate the power saving states with PDCCH-based power saving signal/channel are discussed.
2.1 Motivation of defining power saving states
It has been agreed that PDCCH based power saving signal/channel will be specified to trigger UE adaptation in RRC_CONNECTED. As stated in our companion contribution [2], we propose to design two different PDCCH-based power saving signals for different UE operation states, e.g., during DRX off time, during DRX active time, in non-DRX operation.
· Power saving signal #1 could be designed to be transmitted in DRX off time in order to wake up UE, trigger CSI report before DRX ON, or other potential power saving schemes such as adaptation in BWP/Scell operation. 
· Power saving signal #2 could be designed to be transmitted in DRX active time and non-DRX operation in order to trigger UE adaptation to PDCCH monitoring, cross-slot scheduling, maximum MIMO layer or other schemes. 

For power saving signal #2, the most straightforward design method is as follows:
· Solution 1: Different information fields of one DCI are allocated to different power saving parameters corresponding to different adaption domains, such as minimum k0, maximum MIMO layer, PDCCH monitoring periodicity. 

For this solution, each parameter could be separately indicated to trigger the corresponding power saving scheme, but the payload size of PDCCH will increase with the number of parameters need to be indicated. However, considering that some power saving schemes may be triggered by the same condition, e.g., when large amount of UE traffic arrives, large number of MIMO layers, same slot scheduling and short PDCCH monitoring periodicity can be triggered to increase UE throughput and spectral efficiency, and when the traffic is low, all of these parameters can fall back to a power saving state. Therefore, we propose solution 2 for power saving signal #2 design.
· Solution 2: Power saving states consisting of several power saving related parameters are defined. The values of power saving related parameters within one power saving state are configured together. The number of power saving states, the power saving related parameters should be contained in each power saving state and the parameter values in each power saving state can be configured by higher layer signalling flexibility.

For example, assuming two power saving states are configured, where power saving state index 0 is used for normal scheduling without power saving, and power saving state index 1 is used to save UE power when UE traffic is low. In power saving state index 0, power saving related parameters can be configured as: minimum k0 = 0, maximum MIMO layer for one codeword = 4, PDCCH monitor periodicity = 1 slot. In power saving state index 1, power saving related parameters can be configured as: minimum k0 = 1, maximum MIMO layer for one codeword = 2, PDCCH monitor periodicity = 5 slots. Of course, other power saving states can also be configured to only trigger some of the power saving states flexibly according to some other principles or considerations, e.g., in power saving state index 2, power saving related parameters can be configured as: minimum k0 = 1, maximum MIMO layer for one codeword = 4, PDCCH monitor periodicity = 5 slots.
In this way, a trade off could be achieved between signalling overhead and indication flexibility. 
Proposal 1. The concept of power saving states can be introduced to achieve a trade off between signalling overhead and indication flexibility when designing the PDCCH based power saving signal. 
2.2 Configuration and indication of power saving states
In R15, all the above power saving related parameters are configured separately in different IEs, such as the TDRA table which contains k0 and k2 are configured in PDSCH-specific IE and PUSCH-specific IE, the maximum MIMO layers is configured in PDSCH-specific IE, and PDCCH monitoring periodicity are configured in Search space-specific IE. To realize the parameters and values configuration of more than one power saving states, two solutions can be used:
1) The power saving related parameters and values for each power saving state are configured in BWP related IE such as BWP-Downlink IE or BWP-Uplink IE. The parameters and values can be fully different or partial different in different power saving states. For example, power saving state index 0 and power saving state index 1 are configured in BWP-Downlink IE. The power saving state index 0 contains the parameters and values as: minimum k0 = 0, maximum MIMO layer for one codeword = 4, PDCCH monitor periodicity = 1 slot, the power saving state index 1 contains the parameters and values as: minimum k0 = 1, maximum MIMO layer for one codeword = 2, PDCCH monitor periodicity = 5 slots.
For this solution, all the parameters configurations are per BWP configured in R15, it is simple and clear to define different power saving state parameters in BWP configuration level.
2) The power saving related parameters are configured in different physical channel related IE such as PDSCH-Config IE, PDCCH-Config IE and PUSCH-Config IE respectively. In each IE, the different values for the same parameters are associated to different power saving sates. Once the power saving state are activated, the values of different parameters  corresponding to this power saving state works simultaneously. 
For example, in PDSCH-Config IE, two time domain resource allocation tables or two minimum k0 values are configured, and each value is associated to power saving state index 0 or 1. Similarly, in PDCCH-Config IE, two search space related configurations are configured, search spaces with short periodicity are configured in power saving state index 0 and  search spaces with long periodicity are configured in power saving state index 1.
The specification work of this solution is adding more than one values which associated to different power saving states to R15 IE.
Proposal 2. Two alternatives can be further studied for the configuration of power saving states with higher layer signalling:
1) The power saving related parameters and values for each power saving state are gathered together and configured per BWP.
2) The power saving related parameter values are configured in physical channel related IEs respectively. The different configured values of one parameter are associated to different power saving states.

The PDCCH based power saving signal #2 can be a new DCI format or reuse the existing scheduling DCI. For new DCI format, the power saving state and active BWP need to be indicated, and a new search space needs to be configured. If the existing scheduling DCI is reused, the power saving state filed need to be introduced. The indicated power saving state is associated to the indicated new active BWP in DCI when BWP switch triggered by the same DCI.
Proposal 3. The PDCCH based power saving signal transmitted in DRX active time and non-DRX operation can be a new DCI format or reuse the existing scheduling DCI.
3. Conclusions
[bookmark: _GoBack]In this contribution, dynamic adaptation of power saving states including possible power saving schemes are discussed, and the following proposals are made.
Proposal 1. The concept of power saving states can be introduced to achieve a trade off between signalling overhead and indication flexibility when designing the PDCCH based power saving signal. 
Proposal 2. Two alternatives can be further studied for the configuration of power saving states with higher layer signalling:
1) The power saving related parameters and values for each power saving state are gathered together and configured per BWP.
2) The power saving related parameter values are configured in physical channel related IEs respectively. The different configured values of one parameter are associated to different power saving states.

Proposal 3. The PDCCH based power saving signal transmitted in DRX active time and non-DRX operation can be a new DCI format or reuse the existing scheduling DCI.
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