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In last RAN2#123 meeting [1], we finally squeeze in a little time for LPWUS in RRC_CONNECTED and the following agreements are made:
Expect that R2 could determine how/if to integrate LPWUS with DRX, determine impact to DRX, and identify MAC issues if any, with using LPWUS in CONNECTED. Additional scope FFS
Long post meeting email discussion, on technical proposals that are in R2 scope (can also discuss proposals in said scope that is FFS). 
Therefore we need to figure out the coordination between LPWUS and C-DRX, in this contribution, we discussed some potenial considerations for LPWUS in RRC_CONNECTED.
2 Discussion
2.1 The relationship between LPWUS and C-DRX
In RRC_CONNECTED, the main power consumption is from PDCCH blind monitoring within C-DRX mode. When the C-DRX is in Active Time, the UE shall monitor PDCCH based on the configuration (e.g., search space, CORESET, RNTIs, etc.). When LPWUS is used during RRC_CONNECTED, the PDCCH monitoring by main radio (MR) should be deactivated and once the UE detects LPWUS indicating that there is data/signalling coming, the UE activates its MR to operate C-DRX functionality for PDCCH monitoring. 
More detail is that for LPWUS monitoring, there are two patterns:
1. Duty cycle based monitoring;
2. Continuously monitoring.
Different monitoring behaviour has different impact on C-DRX.
For duty cycle based monitoring, one solution is that legacy DCP could be replaced by LPWUS, since DCP monitoring still belongs to a kind of PDCCH decoding meanwhile LPWUS monitoring is more simple (e.g., OOK signal detection). Therefore, replacing DCP with LPWUS can be considered as one solution which bring more benefit for power saving. However we know that C-DRX mode is a trade-off between latency and power saving, this solution is only to optimize power consumption but not for latency. Since LPWUS is monitored by another receiver, i.e., low power receiver (LR), another solution for latency optimization could be considered, that is the periodicity of LPWUS is not related to C-DRX cycle, as shown in fig.1, the configuration of LPWUS could be more flexible so that UE can detect data/signal arrival in a more timely manner, however, in this solution one more issue needs to consider that the UE may not get an Active Time immediately for PDCCH monitoring after LPWUS reception. (It is noted that here we assume that the transition time of MR is not long during RRC_CONNECTED and LPWUS monitoring is deactivated when MR is activated)


Fig.1 the periodicity of LPWUS is not related to C-DRX cycle
Proposal 1: For duty cycle monitoring pattern, RAN2 is suggested to consider the following solutions:
· DCP is replaced by LPWUS, i.e., usage of LPWUS is same as DCP
· The periodicity of LPWUS is not related to C-DRX cycle
For continuously monitoring pattern, the UE will continuously monitor LPWUS within RRC-CONNECTED for possible data/signal arrival but the MR is deactivated or stays in deep/light/micro sleep. The intention of continuously LPWUS monitoring should be reducing the data/signal reception latency on the cost of a little bit more power consumption. But due to C-DRX mode, there is still a drawback that the UE may not get an Active Time immediately for PDCCH monitoring after LPWUS reception when the LPWUS reception occurs during non-Active Time of DRX, as shown in fig.2. Therefore we need to consider how UE monitors PDCCH in a better way after LPWUS is detected. (It is noted that this solution does not exclude the use of DCP, which can be FFS later)

 
Fig.2 the continuously monitoring pattern of LPWUS
Proposal 2: For continuously LPWUS monitoring pattern, RAN2 is suggested to consider how UE monitors PDCCH in a better way after LPWUS is detected.
2.2 False alarm issue
Referring to LPWUS used in RRC_IDLE/INACTIVE, we are considering how to reduce the false alarm issue of LPWUS, i.e., multiple UEs are monitoring the same LPWUS resource. When it comes to LPWUS used in RRC_CONNECTED, same question is asked, i.e., whether multiple RRC_CONNECTED UEs need to monitor a same LPWUS resource or not? Whether the content of LPWUS in RRC_CONENCTED is same as LPWUS used in RRC_IDLE/INACTIVE or not? This is something that we need to clarify first. For example, if LPWUS used in RRC_CONNECTED is not a UE-specific signal, the UE could unnecessarily activate MR (or start Active Time of C-DRX) for PDDCH monitoring which causes unnecessary power consumption. It is noted that this is different from DCP monitoring, although DCP is a group common DCI but a specific block number can be responded to each individual UE. Thus there is no false alarm issue in DCP mechanism.
Proposal 3: If LPWUS used in RRC_CONNECTED is not a UE-specific signal, RAN2 to consider how to reduce the unnecessary PDCCH monitoring when MR is activated or Active Time of C-DRX is started.
2.3 RRM measurement
RRC_CONNECTED mobility is supported by RRM measurement management including handover, so that performing measurements is required. Unlike LPWUS used in RRC_IDLE/INACTIVE, which MR will enter ultra-deep-sleep mode, when LPWUS is used in RRC_CONNECTED, the MR only stays in a light/micro sleep mode, which means maybe only PDCCH monitoring is deactivated but not for other functionality. Furthermore, RAN1 already agreed that RLM/BFD still can be considered by using MR, therefore, performing measurement or even relaxed measurement by MR is not a problem. There is no need to consider using LR to perform RRM measurement during RRC_CONENCTED. If companies want to use LR to enhance other aspect, at least it should not belong to this scope.
Proposal 4: To support LPWUS mobility in RRC_CONNECTED, the Main Radio is able to perform RRM (relaxed) measurement management as normal.
3 Conclusions
Proposal 1: For duty cycle monitoring pattern, RAN2 is suggested to consider the following solutions:
· DCP is replaced by LPWUS, i.e., usage of LPWUS is same as DCP
· The periodicity of LPWUS is not related to C-DRX cycle
Proposal 2: For continuously LPWUS monitoring pattern, RAN2 is suggested to consider how UE monitors PDCCH in a better way after LPWUS is detected.
Proposal 3: If LPWUS used in RRC_CONNECTED is not a UE-specific signal, RAN2 to consider how to reduce the unnecessary PDCCH monitoring when MR is activated or Active Time of C-DRX is started.
[bookmark: _GoBack]Proposal 4: To support LPWUS mobility in RRC_CONNECTED, the Main Radio is able to perform RRM (relaxed) measurement management as normal.
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