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1 Introduction

A new WID for studying UE power saving in NR has been approved in RAN #83 meeting. 
The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,
1） Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 
a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]
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  [RAN1, RAN4]
NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2） Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]

a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]

Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]
NOTE: Switching on/off the RF is part of the evaluation
3） Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]

In the latest TR, it is captured that:
A mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state to the network is beneficial to reduce UE's power consumption. And the corresponding signalling details and whether the UE provides release assistance and/or state preference are to be defined.
In this paper, we study the signalling and the corresponding procedure for a UE to indicate its preference of transitioning out of RRC_CONNECTED state.
2 Discussion

In Rel-14, RAI (Release Assistance Information) is introduced for NB-IoT and eMTC. For a NB-IoT UE or a BL UE who has the capability of RAI, the UE reports the RAI capability to gNB, then gNB decides whether to configure the RAI function for the UE.
According to the MAC specification, for NB-IoT or BL UEs:

-
if rai-Activation is configured, and a buffer size of zero bytes has been triggered for the BSR, and the UE may have more data to send or receive in the near future:

-
cancel any pending BSR.
For NB-IoT or BL UEs for which RAI is configured, the zero buffer size BSR is only reported when the UE wants to transit from RRC_CONNECTED state to RRC_IDEL state. In other words, zero buffer size BSR is only used to indicate UE does not have more data to send or receive, so that the gNB can release the UE based on the zero buffer size BSR.
Observation 1 For NB-IoT or BL UEs configured with RAI, the reporting of BSR with a buffer size of zero is used for RAI.
In NR, it has agreed to specify a mechanism for UE to indicate its preference of transitioning out of RRC_CONNECTED state. According to our understanding, the following aspects should be studied.

· Issue 1: which signalling is used for the UE’s indication
· Issue 2: the detail contents included in the signalling

· Issue 3: how to trigger the signalling
For issue 1, there can be two potential candidates of the signalling for the UE’s indication, i.e. MAC CE and RRC signalling. 
If using MAC CE, in order to provide more information, as well as not restrict the reporting of BSR with buffer sizes of zero, we think a new MAC CE, e.g. RAI MAC CE should be defined. 
If using RRC signalling, the existing UEAssistanceInformation message could be used. In this way, some new fields will be added for UE to indicate its preference of transitioning out of RRC_CONNECTED state.
Compare the two methods, the MAC CE based method has shorter latency, while the RRC signalling based method is more reliable.

Proposal 1 UE can report its preference of transitioning out of RRC_CONNECTED state via a new MAC CE (e.g. RAI MAC CE) or the UEAssistanceInformation message.
For issue 2, the potential information in the signalling may include:
a)  UE’s preference of transitioning to RRC_INACTIVE state or RRC_IDLE state.
b)  The estimated data inactivity duration from now on.

For option a), the UE behaviour when the UE is in the RRC_INACTIVE state is the same as that when UE is in the RRC_IDLE state, but the UE can return to RRC_CONNECTED state faster from RRC_INACTIVE state than from RRC_IDLE state. From UE’s perspective, if a UE wants to leave RRC_CONNECTED state, the UE would always prefer RRC_INACTIVE state instead of RRC_IDLE state. It should be up to network which state the UE would be released. Therefore, it seems no need to indicate the preference from the UE side. 

For option b), UE can provide an expectation on how long it will have no UL data to send or no DL data to receive. It would be helpful for network to decide whether to release the UE or not. Furthermore, network can also use this duration to release the UE to either RRC IDLE state or RRC Inactive State, e.g., the longer expectation of no data the more likely the network would release the UE to RRC IDLE state.
Observation 2 UE would always prefer to transit to RRC_INACTIVE state than RRC_IDLE state if the UE wants to leave the RRC_CONNECTED state.
Observation 3 It would be helpful for network to decide whether to release UE or not and whether to release the UE release the UE to RRC_INACTIVE or RRC_IDLE if the UE provides this estimated data inactivity duration.
Proposal 2 A estimated duration of no data activity is included in the signalling.
For issue 3, obviously, one condition for UE to indicate its preference of transitioning out of RRC_CONNECTED state is that UE has no data to send or receive for all the logical channels currently, and simultaneously the UE predicts it will have no data to send or receive for all the logical channels for a certain period in the future. Besides, other conditions could be considered based on the signalling used for UE’s indication. If the RAI MAC CE is used, we can simply replace the transmission of BSR MAC CE with the transmission of RAI MAC CE. If the RRC signalling is used, a prohibit timer should be introduced to avoid UE reporting frequently.
Proposal 3 The RAI MAC CE can be triggered based on the conditions for triggering zero buffer BSR.
Proposal 4 If the RRC signalling is used for UE’s indicating, a prohibit timer is introduced.
3 Conclusion

Based on the discussion we propose the following:
Proposal 5 UE can report its preference of transitioning out of RRC_CONNECTED state via a new MAC CE (e.g. RAI MAC CE) or the UEAssistanceInformation message.
Proposal 6 The estimated data inactivity duration is included in the signalling.
Proposal 7 If the RAI MAC CE is used for UE’s indicating, replace the transmission of BSR MAC CE with the transmission of RAI MAC CE.
Proposal 8 If the RRC signalling is used for UE’s indicating, a prohibit timer is introduced.
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