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Introduction
In the post e-mail discussion [1], companies shared their views on further details about UE grouping as a paging enhancement method for UE power saving. Based on the feedback, majority of companies think that UE grouping can be considered as a kind of paging enhancement for UE power saving.
In this contribution, we further discuss the UE grouping mechanism for paging and investigate other possible enhancements.
Discussion
According to our statistical investigation, the average time and power distribution of typical wearable devices is shown in Figure 1. It is observed that IDLE/INACTIVE mode contributes about 60% power consumption of the daily use. Therefore, it is strongly desirable to use some techniques to reduce the RedCap UE (wearable devices) power consumption in IDLE mode. In our view, the paging enhancement in power saving WI can also be used for RedCap UEs.

[bookmark: _Ref53758388]Figure 1 The time and power distribution of typical wearable devices
Observation 1: IDLE/INACTIVE mode power consumption contributes significant power share of wearable devices, for which the power consumption is also intended to be reduced in the WID.
For eMBB UE (e.g. smart phone), the energy consumption of IDLE/INACTIVE mode also occupies a significant share of the overall energy consumption. This is also the reason why RRM enhancement for IDLE/INACTIVE mode is specified in Rel-16 power saving WI. Now in Rel-17, it is worth specifying paging enhancement for IDLE/INACTIVE mode.
Observation 2: For eMBB UE, it is worth specifying paging enhancement for IDLE mode.
The UE grouping mechanism
How to realize UE grouping
The questions Q2-Q6 were discussed in post e-mail discussion [1] for UE subgroups, and regarding the corresponding Proposal 4 and Proposal 5, the solution of “paging indication for UE subgroups using paging DCI” and the solution of “paging early indication or wake-up signal (WUS) for UE subgroups” are considered as candidates for paging enhancement. We would like to further analyse these two solutions.
The power consumption for NR IDLE/INACTIVE mode comes from e.g. deep sleep, light sleep, RRM, T/F tracking, PDCCH monitoring and PDSCH reception. The percentage of power consumption only for PDSCH reception is small. Even if the power waste for PDSCH reception is avoided, the power saving gain may be limited. As analysed in paper [2], the NR IDLE/INACTIVE mode power consumption increases compared to LTE modem due to the unnecessary light sleep transitions for SSB receptions before the PO. This can be reduced by introducing early transmitted paging information before PO to inform the UE whether to monitor the following PO(s). If the network could transmit the paging information carried by the paging DCI earlier before the PO, the UE could know whether a PO reception is needed so that unnecessary ‘state transition’ and ‘light sleep’ in the unpaged DRX cycles can be avoided.
[image: ]
Figure 2 Early-transmitted paging information before PO
In the legacy paging mechanism, the paging information is carried by the paging DCI, i.e. DCI format 1_0, which schedules a PDSCH in legacy paging mechanism. To minimize the implementation and specification impact, a joint design can be considered, i.e. the paging DCI can be simply transmitted earlier than the PO, and near the transmission of the first SS burst that UE needs to receive. If the early transmitted paging information is close to the SSB, then UE can receive the information right after it performs pre-sync. The closer the information is to the SSB, the less time the UE needs to wait, which leads to more power saving gain.
Observation 3: UE sub-grouping information carried in an early transmitted paging DCI before the PO which is near or within SS burst provides power saving gain, as the power consumption for state transition from/to additional light sleep and unnecessary PDSCH reception can be reduced.
Proposal 1: UE sub-grouping information carried in an early transmitted paging DCI before the PO is considered as an effective enhancement for paging.
What information is used for determining UE groups
As discussed in [1], most companies support using UE_ID as the baseline for UE grouping. However, the effectiveness of this approach may not be guaranteed due to the randomness of the UE identity information. Thus, other effective information for UE grouping should be considered to improve the effectiveness and power saving gain.
One of the possible information is UE paging probability information (i.e. the probability that the UE is paged by the network) which was specified for NB-IoT and MTC in Rel-16. The device types and user habits can be diverse, for example, the paging probability for smart phones and wearable devices are different. Considering that UEs with higher paging probability are more likely to cause false paging alarm to UEs with lower paging probability within the same PO, dividing UEs with similar paging probability into one group can reduce the false alarm rate. 
Apart from the two types of information mentioned above, we could further analyse other possible grouping assistance information from UE which can be used to optimize the UE grouping.
Proposal 2: Paging probability is considered to determine UE groups.
Which entity to group UEs
Determining which entity is responsible for grouping UEs is another key issue. Basically, it should be the network that controls the UE grouping based paging mechanism since paging is initiated by the network. Further, there are generally two network entities involved (the RAN and the CN). We give analysis accordingly.
· CN
CN, more specifically AMF, is the network entity that initiates CN paging. Hence a potential approach is to let the AMF be in charge of UE grouping. As illustrated in Fig.1, the AMF decides UE’s group based on grouping assistance information from the UE if available and then sends the UE group information to the gNB or UE when necessary.
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Fig.1 AMF determines UE groups
This solution could be feasible but may have certain drawbacks. First, the RAN paging case needs more consideration, since this type of paging is initiated by gNB rather than AMF. Whether or how the AMF can perform optimized UE grouping for RAN paging remains unclear. Besides, this solution also introduces new behaviour in CN and cooperation with other WGs will be needed.
Observation 4: CN is capable of grouping UEs but this involves CN operations/procedures, which will require corresponding work in CT or SA.
· RAN
RAN, more specifically gNB, is the other candidate for grouping UEs. The gNB is the entity that directly transmits paging indication to the UE regardless of whether the paging is initiated by CN or RAN. Consequently, it is a more straightforward solution for the gNB to be responsible for UE grouping given that the gNB has sufficient paging relevant information.
A potential procedure is presented in Fig.2 as an example. Similar to the current procedure for coordinating UE specific I-DRX cycle, the UE could provide grouping assistance information to the AMF. Accordingly, the AMF maintains the UE specific information and transfers it to the gNB when necessary. Then the gNB can determine UE groups and sends the UE group information to the UE. 
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Fig.2 gNB determines UE groups
Observation 5: RAN is the entity that directly transmits paging information to the UE and capable of grouping UEs based on assistance information from UE or CN.
As analysed above, there can be two general directions for UE grouping (i.e., the CN-based and the RAN-based). Comparing the two alternatives, we think the RAN-based approach is more straightforward with less CN impact, which could be prioritized for further study.
Proposal 3: RAN is responsible for grouping UEs.
Enhancements for stationary UEs
As briefly discussed in the last meeting, some UEs may be fixed (e.g., industrial wireless sensors) or stay at certain places for a long time (e.g., eMBB UEs in the office during the day or at home during the night). For these stationary UEs, we can consider special paging enhancements to achieve further power saving gain.
In our view, one possible solution is the UE-specific RNTI based paging. Considering that some stationary UEs may rarely move (during a certain time period) or not be able to move, they would stay in a cell (for a long time). Hence, these UEs can use UE-specific RNTI (e.g., C-RNTI) even in RRC_IDLE or RRC_INACTIVE state as long as the network knows such a situation. More specifically, these UEs use UE-specific RNTI to monitor paging and the network uses the UE-specific RNTI to page correspondingly. With this approach, the network can transmit paging information to target UEs directly and irrelevant UEs can avoid unnecessary paging reception and decoding. Considering that the paging for a certain UE would not be so frequent, the increased paging overhead is acceptable.
Proposal 4: Consider paging enhancements for stationary UEs.
Conclusion
[bookmark: OLE_LINK3]In this paper we discuss the paging enhancements for UE power saving and investigate possible solutions. Observations and proposals are summarized as below.
Observation 1: IDLE/INACTIVE mode power consumption contributes significant power share of wearable devices, for which the power consumption is also intended to be reduced in the WID.
Observation 2: For eMBB UE, it is worth specifying paging enhancement for IDLE mode.
Observation 3: UE sub-grouping information carried in an early transmitted paging DCI before the PO which is near or within SS burst provides power saving gain, as the power consumption for state transition from/to additional light sleep and unnecessary PDSCH reception can be reduced.
Proposal 1: UE sub-grouping information carried in an early transmitted paging DCI before the PO is considered as an effective enhancement for paging.
Proposal 2: Paging probability is considered to determine UE groups.
Observation 4: CN is capable of grouping UEs but this involves CN operations/procedures, which will require corresponding work in CT or SA.
Observation 5: RAN is the entity that directly transmits paging information to the UE and capable of grouping UEs based on assistance information from UE or CN.
Proposal 3: RAN is responsible for grouping UEs.
Proposal 4: Consider paging enhancements for stationary UEs.
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Time distribution of wearable devices
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Power consumption distribution of wearable devices
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