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In last RAN2#121b meeting [2], we had the agreement as below:
Aim to do every Q: Collect RAN2 text proposals in a single document during the following meeting(s) and send the document to RAN1 as the input to the TR 38.869.
Confirm that we follow R1 and include RRC idle/inactive/connected.
Ultra-deep-sleep = R2 understands for now that this is a power saving state (introduced by R1) to denote a state when the Main Receiver (MR) may sleep/turn off.
In scope: Use LPWUS with Idle / Inactive UE camping with reception of paging and other necessary transmissions (from serving cell), reusing if possible/reasonable concepts from earlier releases, where the LPWUS either wakes the UE to receive by MR, or it conveys information by itself, or both. 
It can be seen that for the current stage, RAN2 will analyse the feasibility / design for LPWUS applied in all RRC states including RRC_CONNECTED. In this paper, we discuss the issues when LPWUS applied in RRC_CONNECTED.
2 Discussion
2.1 Common issues
Our contribution for LPWUS applied in RRC_IDLE/INACTIVE [3] has analysed these common issues for LPWUS, in this contribution, we only highlight the issues related to RRC_CONNECTED. More details can check with another paper.
2.1.1 The definition of LPWUS mode
Same analysis as our contribution for LPWUS applied in RRC_IDLE/CONNECTED [3].
2.1.2 Transition from RRC_CONNECTED to LPWUS mode
In legacy, for RRC_CONNECTED UE, if there is no more data/signal coming to the UE, network may, based on implementation (e.g., internal inactivity timer), send RRCRelease to UE, then UE is released to RRC_IDLE/INACTIVE for power saving. Furthermore, we are not just satisfied with the power consumption in RRC_IDLE/INACTIVE, UE can even stay in LPWUS mode for ultra-low power consumption. 
There is a scenario that network directly informs a RRC_CONNECTED UE of entering LPWUS mode when there is no data/signal available for this UE. And it is straightforward that network can use RRCRelease carrying indication of entering LPWUS mode to release UE to LPWUS mode.
Proposal 1: For the transition from RRC_CONNECTED to LPWUS mode, using RRCRelease carrying indication of entering LPWUS mode (as a baseline) to release UE to LPWUS mode. Details FFS.
2.1.3 False alarm
First of all, there is need to introduce group indication in LPWUS, but compared with RRC_IDLE/INACTIVE, if the pre-condition is that UE whose LPWUS applied to RRC_CONNECTED would skip paging reception and directly enter RRC_CONNCTED. The false alarm issues may be more serious than RRC_IDLE/INACTIVE as there is no paging indication (carrying UE specific ID) available and maybe the group capacity of LPWUS is small. UEs entering RRC_CONNECTED but no any scheduled PDCCH could cause unnecessary power consumption. 
In legacy, for C-DRX mechanism, DCP (i.e., DCI for wake-up signal) is introduced for power saving before starting DRX cycle, but it is noted that there is no false alarm issue as DCP is a UE specific configuration and indication (although it is a group common DCI, a specific block number can respond to each UE). If LPWUS can also be designed per UE specific in RRC_CONNECTED, the false alarm issue can be avoided. However, it is difficult to design a UE-specific LPWUS, further study is required.
Observation 1: Different from RRC_IDLE/INACTIVE, the false alarm issue when LPWUS applied in RRC_CONNECTED could be more serious as there is no paging indication available if UE can skip paging reception.
Proposal 2: RAN2 is suggested to consider the LPWUS false alarm issue, i.e., avoid massive UEs monitoring the same LPWUS.
2.1.4 Mobility
In legacy mobility for RRC_CONNECTED, handover is performed by network with UE assistance to let UE keep the service continuity in multiple cells. Network may, based on measurement report, send handover command to UE for changing the cell. That is to say, the legacy handover is initiated by network side. 
Although in our contribution for RRC_IDLE/INACTIVE we mentioned necessary synchronization/reference signal is required, since there is no measurement report mechanism in LPWUS mode, network is not able to initiate handover for UE in LPWUS mode. But if mobility is supported for LPWUS applied in RRC_CONNECTED, some solutions are required to let a moving UEs change its serving cell and network should be aware of this kind of “handover” so that new configuration (e.g., RRCReconfiguration) in the new cell can be available to this kind of UE.
Proposal 3: Besides introducing synchronization/reference signal as like LPWUS applied in RRC_INACTIVE, RAN2 is suggested to consider what other aspects (e.g., measurement report, awareness of network) is required to support mobility for LPWUS applied in RRC_CONNECTED.
2.1.5 Content of LPWUS
Same analysis as our contribution for LPWUS applied in RRC_IDLE/CONNECTED [3].
2.2 Specific consideration for LPWUS in RRC_CONNECTED
2.2.1 C-DRX
When UE is in RRC_CONNECTED, DRX mechanism is used to periodically monitor PDCCH during active time of DRX and UE is not required to monitor PDCCH outside of active time for power saving. Here we need to consider the relationship between LPWUS and DRX.


Fig.1 Relationship between LPWUS and DRX
Based on the current RAN1 discussion, LPWUS monitoring pattern could be duty-cycle or always-on. Take the always-on monitoring pattern as an example, once UE detects LPWUS that indicates entering normal RRC_CONNECTED, UE will turn on / warm up its main radio. But there may be no active time of DRX available for PDCCH monitoring due to always-on monitoring and UE can wake up at any time. Note that the current maximum DRX cycle can be up to 10.24s, data latency could be introduced then. Even for LPWUS with duty-cycle monitoring pattern, DRX is UE specific configuration but LPWUS is not clear whether it is cell/group-specific or still UE-specific, anyway it seems hard to always match the LPWUS monitoring occasions with DRX active timers (i.e., seems like replacing DCP by LPWUS if matched), data latency due to non-active time after LPWUS reception is still existed.
Proposal 4: RAN2 is suggested to consider how to alleviate data latency due to non-active time of DRX after LPWUS reception for RRC_CONNECTED.


2.2.2 Procedure for RRC_CONNECTED after LPWUS reception
Since monitoring LPWUS is in a new mode, e.g., LPWUS mode, and the main radio could be turned off or in ultra-deep-sleep, for now it is not clear what UE needs to do when back to normal RRC_CONNECTED, for example, before receiving data/signal, whether the DL/UL synchronization is good enough, whether UE needs to perform random access, etc. So we need to consider some potential specific procedures after LPWUS reception.
Proposal 5: RAN2 is suggested to analyse what specific procedures (e.g., DL/UL sync, random access) are required after LPWUS reception for RRC_CONNECTED.
3 Conclusions
Observation 1: Different from RRC_IDLE/INACTIVE, the false alarm issue when LPWUS applied in RRC_CONNECTED could be more serious as there is no paging indication available if UE can skip paging reception.
Proposal 1: For the transition from RRC_CONNECTED to LPWUS mode, using RRCRelease carrying indication of entering LPWUS mode (as a baseline) to release UE to LPWUS mode. Details FFS.
Proposal 2: RAN2 is suggested to consider the LPWUS false alarm issue, i.e., avoid massive UEs monitoring the same LPWUS.
Proposal 3: Besides introducing synchronization/reference signal as like LPWUS applied in RRC_INACTIVE, RAN2 is suggested to consider what other aspects (e.g., measurement report, awareness of network) is required to support mobility for LPWUS applied in RRC_CONNECTED.
Proposal 4: RAN2 is suggested to consider how to alleviate data latency due to non-active time of DRX after LPWUS reception for RRC_CONNECTED.
Proposal 5: RAN2 is suggested to analyse what specific procedures (e.g., DL/UL sync, random access) are required after LPWUS reception for RRC_CONNECTED.
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