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Introduction
According to the last RAN2 meeting [1], the UE grouping mechanism is considered to be a candidate of paging enhancement, where possible indication/scheduling solutions include using paging DCI, using PEI/WUS and cross-slot scheduling based paging. Further discussions on paging subgroup determination are in the post-meeting email discussion. Final decisions are expected to be made by RAN2.
	Confirm that UE grouping is considered a candidate of paging enhancement for UE power saving
RAN2 have discussed and considered “paging indication for UE subgroups using paging DCI”, “paging early indication or wake-up signal (WUS) for UE subgroups”, “cross-slot scheduling of paging for UE subgroups”. 
RAN2 understands that RAN1 have started to evaluate performance and complexity. RAN2 assumes that RAN1 continues with this evaluation, in order that decisions can be made regarding the paging indication/scheduling solution. As R2 is the leading group for this WI objective it is expected that final decisions are made by R2. 



In this contribution, we discuss possible approaches to implement the UE grouping mechanism and investigate other paging enhancements.
Discussion
The UE grouping mechanism
How to realize UE grouping based paging
According to the discussion during the last RAN2 meeting [1], candidate solutions for UE grouping based paging include:
· Option 1: paging indication for UE subgroups using paging DCI;
· Option 2: paging early indication (PEI) or wake-up signal (WUS) for UE subgroups;
· Option 3: cross-slot scheduling of paging for UE subgroups;
Besides, in the last RAN1 meeting [2], RAN1 also evaluated these candidates and provided quantitative analysis.
· Option 1—paging DCI
For option 1, existing RAN1’s analysis shows that the power saving gain is not very attractive (lower than 10% and most lower than 5%) for all cases. This is because that only the power consumption of PDSCH reception can be saved, which accounts for a small part of the total power consumption.
	Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
Some companies show concern on assuming group paging rate larger than 60%.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.



Observation 1: The power saving gain of the paging DCI based solution is limited since only the power consumption of PDSCH reception can be saved.
· Option 2—PEI/WUS
For option 2, as analysed in RAN1, 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 (shown in Fig.1) to inform the UE whether to monitor the following PO(s). If the UE could know whether a PO reception is needed in advance, unnecessary ‘state transition’ and ‘light sleep’ in the unpaged DRX cycles can be avoided. Hence, the PEI/WUS for UE subgroups can provide considerable power saving gains and RAN1 concluded that the paging early indication is supported from RAN1 perspective.
[image: ]
Fig.1 Early-transmitted paging information before PO
	Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact



Observation 2: The paging early indication before PO can provide considerable power saving gains and is supported from RAN1 perspective.
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.
· Option 3—cross-slot scheduling
For option 3, RAN1’s observation also shows the power saving gain would be very limited (generally lower than 3% via the current cross-slot scheduling) if only cross-slot scheduling is used to avoid the buffering of potential PDSCH. Our RAN1 results showed that a significant part of power consumption is the ‘state transition’ and ‘light sleep’ due to the SSB reception for potential PDSCH decoding performance, not the buffering of PDSCH. Without other RAN1 enhancement, the SSB reception before the potential PDSCH reception is still needed and therefore power saving gain would be limited if only cross-slot scheduling is used.
	Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, cross-slot scheduling with K0 = 1, which can be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [<1%] –[2.5%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [<1%] -[1.6%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [<1%] -[1.44%] where the baseline assumes 3 SS bursts for synchronization before PO reception
One source shows that cross-slot scheduling with K0 = 32, which cannot be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [6.3%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gain will become lower with higher group paging rate.



Observation 4: The power saving gain of the cross-slot scheduling based solution is limited if there is no other enhancement.
Therefore, based on the above analysis and discussion in previous RAN1 and RAN2 meetings, we propose to take the option 2 (i.e., PEI/WUS for UE subgrouping) as a solution for R17 paging enhancement.
Proposal 1: UE sub-grouping information carried in an early transmitted paging DCI before the PO is considered as an effective enhancement for paging.
Furthermore, the overhead of PEI/WUS would not be large in order to ensure the performance of PEI/WUS detection, so the information carried in PEI/WUS is limited. There are some observations in RAN1 that one PEI/WUS may be associated to multiple POs, because the PEI/WUS is preferred to be located near the transmission of the SS burst (the period is 20ms), so the PEI/WUS needs to include the information, e.g. UE sub-grouping information for several POs. Indication of different POs costs bits in PEI/WUS, if the available bits in PEI/WUS is not enough, part of information can be carried in paging DCI, so that more groups can be achieved, which improves the performance of the UE grouping mechanism.
Proposal 2: The paging DCI can be considered to be combined with the PEI/WUS to achieve higher power saving gain.
What information is used for determining UE groups
Based on the discussion in email discussion [3], most companies support using UE ID based grouping as the baseline. In addition to UE ID, there are many other dimensions for UE grouping, e.g. paging probability, UE power consumption profile, UE release, RRC State, mobility, etc. The simplest solution is determining the UE groups only based on UE ID, 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 can be considered to improve the effectiveness and power saving gain. But too many dimensions are not suggested to avoid the complexity of UE grouping.
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, or the paging probability for user during the working hours and spare time may be 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. Besides, the LTE mechanism can be the baseline without too much standardization work.
Proposal 3: UE ID based grouping combined with other effective grouping information (e.g. paging probability) can be considered if additional power saving gain is justified.
As for the details on how to decide groups based on one or more grouping mechanisms, we can discuss and analyse further. Some general aspects can be investigated first. For instance, one issue is whether the UE groups remain unchanged in one cell and whether the number of UE groups is fixed and the same in each cell. In our view, the groups should be variable based on the real-time situation in the network. In practice, it is likely that the number of possible UEs in a cell is diverse in different cells according to the network deployment (e.g., cells in urban area and suburbs), thus the needed number of groups can also be different. Besides, even in one cell, the UE groups may also need to be adjusted for achieving better power saving gain.
Proposal 4: The number of UE groups can be considered to be adjusted based on the practical situation in the network.
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.2, 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.2 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 5: 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.3 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.3 gNB determines UE groups
Observation 6: 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 5: RAN is responsible for grouping UEs.
Other paging enhancements
· Differentiating RAN paging and CN paging
According to previous contributions and the discussion in [3], companies raised the issue of unnecessary RAN paging reception by the RRC_IDLE UEs. Considering that the RRC_INACTIVE UEs are general more likely to be paged than RRC_IDLE UEs, we think the mentioned issue exists and power saving gain for RRC_IDLE UEs can be achieved if such irrelevant paging receptions are avoid. Besides, considering that the number of RRC_IDLE UEs may be large, we think it is worthwhile to pursue such power saving gain since a large portion of UEs can obtain benefits.
Generally, there can be two alternatives to differentiate the RAN and CN paging:
· One is to introduce new information indicating the type of paging (i.e., CN and/or RAN initiated). 
For instance, if the information indicating presence of only RAN paging or absence of CN paging is carried in PEI/WUS or paging DCI, then even though the RRC_IDLE UEs and RRC_INACTIVE UEs are in the same group, UEs can further decide whether to receive paging message based on the indication, such that RRC_IDLE UEs can avoid paging reception when there is only RAN paging.
· Another way is to divide RRC_IDLE UEs and RRC_INACTIVE UEs into different groups. 
This approach can be combined with other grouping methods (e.g., UE ID) such that multiple groups can be assigned for each RRC state. For instance, the gNB can provide grouping parameters used by RRC_IDLE UEs and RRC_INACTIVE UEs respectively which ensure that different RRC state UEs are in different groups. In this case, the above mentioned new indication is not needed and the group indication in PEI/WUS or paging DCI would be sufficient. RAN paging only involves groups of RRC_INACTIVE UEs and is not going to wake up groups of RRC_IDLE UEs.
Alternative 1 is simple and straightforward for RRC_IDLE UEs to avoid RAN paging reception, which is decoupled with the UE grouping mechanism and can work alone, but at least a 1-bit indication is needed to be added in PEI/WUS or paging DCI. Considering that the gNB is aware of the paging type and available bits in PEI/WUS or paging DCI are not very limited, we think this solution is easy to implement and the impact is relatively small.
Alternative 2 is one type of UE grouping methods, which is easy to be combined with other grouping methods. This solution can be flexible since the group division for RRC_IDLE UEs and RRC_INACTIVE UEs can be adjusted by the gNB when necessary, but the number of groups assigned for each RRC state may be slightly impacted if the total number of groups is very limited.
Observation 7: Unnecessary RAN paging reception for the RRC_IDLE UEs can be reduced by the following possible solutions:
· Introduce new information in PEI/WUS or paging DCI to indicate the type of paging (i.e., CN and/or RAN initiated).
· Divide RRC_IDLE UEs and RRC_INACTIVE UEs into different groups.
· Paging re-attempt indicator
In the post-meeting email discussion [3], a mobility indicator solution was proposed for reducing unnecessary paging receptions caused by moving UEs. The network sets a mobility indicator when it re-pages a UE which did not respond to a previous paging, thus the UE staying in the cell where it was last paged can skip the repeated paging.
We see benefits if the UE is provided with information which can help it to avoid unnecessary paging reception due to a previously missed paging. However, in our view, this information is more about whether the paging is a repeated one instead of the mobility state. The mobility state is a UE related information and the UE can decide whether to receive the paging based on its own situation and information from the network.
Specifically, the network can directly indicate that a paging is a repeated one (e.g., by setting a paging re-attempt indicator) when it escalates or retransmits paging due to any reasons. After receiving a paging with such an indicator, the UE can accordingly make different decisions. For instance, if the UE stays in the same cell and has already received a paging (without the paging re-attempt indicator) previously, it can choose not to receive paging this time. Instead, if the UE has changed the camped cell or did not receive a paging (without the paging re-attempt indicator) before, the UE should receive paging this time to avoid missing paging.
To realize this solution, for CN paging the AMF can indicate to the gNB whether the paging is a repeated one and the gNB can accordingly set the paging re-attempt indicator while for RAN paging the gNB is aware of the situation and can set the paging re-attempt indicator if needed.
Observation 8: Unnecessary repeated paging reception for the non-moving UE caused by any previously missed paging can be reduced by introducing paging re-attempt indicator.
· Adaptation to UE specific paging cycle
According to TS 38.304, the used DRX cycle is determined by the shortest of the UE specific DRX value and default DRX value:
	T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).


This rule is not friendly to UE power consumption as the default DRX cycle (shorter DRX cycle) may be used but UE specific DRX cycle (longer DRX cycle) can satisfy the latency or other requirement for the service. Similar issue was discussed in Rel-16 power saving SI, especially for extended DRX (e.g. 5.12s, 10.24s). This issue still exists even without extended DRX, for example, the default DRX cycle is 0.32s and the UE specific DRX cycle is 2.56s. The UE needs to monitor POs more frequently than it expects, which waste power.
To address the issue above, some enhancements can be considered:
1. Update the DRX cycle determination rule as discussed in Rel-16 power saving SI, i.e. the UE specific DRX cycle is determined as the used DRX cycle if the UE specific DRX cycle is longer than the default DRX cycle. This change impacts both RAN and CN, besides, it may impact the SI modification since the modification period is related to the default DRX cycle. It increase the complexity of network implementation as DRX cycle longer than default DRX cycle should be considered for SI modification.
	modificationPeriodCoeff
Actual modification period, expressed in number of radio frames m = modificationPeriodCoeff * defaultPagingCycle, see clause 5.2.2.2.2. n2 corresponds to value 2, n4 corresponds to value 4, and so on.


2. Using 1-to-N mapping between PEI/WUS/paging DCI and PO(s), i.e. “wake-up indicator for UE subgroups” in PEI/WUS/paging DCI indicates the UE(s) with longer UE specific DRX cycle to monitor or skip the following N PO(s), N is related to the length of UE specific DRX cycle. For example, as showed in the Fig.4, the default DRX cycle is assumed to be 0.64s, the UE with 1.28s UE specific DRX cycle uses 1-to-2 mapping, so such UE can sleep 1.28s if it is not paged in current PO. If there is paging for this UE arrives during the 1.28s sleep time period, the latency is acceptable. In this solution, it can be transparent to the CN and gNB retains the paging from the CN until the valid PO occurs, also the impacts on the SI modification can be reduced since the network can flexibly wake up the UE(s) in the following PO(s) if the network decides to change the SI. One issue is that the if the paging message arrives right after the PO with non-wake-up indicator, the gNB needs to retain the paging in the next PO as the UE won’t wake up, the CN would consider the first attempt fails and try to have the second attempt, then the gNB can send wake-up indicator to the UE so that UE monitors POs according to the default DRX cycle. Only one more attempt for the CN is needed in such special case and the impacts are limited.
[image: ]
Fig. 4 The example of 1-to-N mapping based on the length of UE specific DRX cycle
Observation 9: 1-to-N mapping between PEI/WUS/paging DCI and PO(s) brings power saving gains and the impacts on the CN and RAN SI modification can be minimized.
· UE assisted paging area optimization
The network’s paging strategy is also a factor which affects the paging false alarm rate. An optimized paging area can minimize the impact on unrelated UEs. Hence, we think the network can benefit from UE’s assistance information on mobility patterns for determining a precise paging range.
For example, the UE can report a number of cells where it is most likely to stay such that the network can first page the UE in these cells instead of the whole TA/RNA. Further, UE’s staying probability in each cell together with time information (e.g., during what time period to stay in these indicated cells) can also be reported for better paging area determination. Based on this information, the network can decide where to page a UE more easily and accurately.
Observation 10: UE assistance information, e.g. paging false alarm rate of UEs or UE groups, helps to optimize the paging area.
Proposal 6: Other paging enhancements can be considered, e.g. RAN paging and CN paging differentiation, paging re-attempt indication, UE specific paging cycle adaptation, UE assisted paging area optimization.
Conclusion
[bookmark: OLE_LINK3]In this paper we discuss the UE grouping mechanism and investigate other possible solutions. Observations and proposals are summarized as below.
The UE grouping mechanism
Observation 1: The power saving gain of the paging DCI based solution is limited since that only the power consumption of PDSCH reception can be saved.
Observation 2: The paging early indication before PO can provide considerable power saving gains and is supported from RAN1 perspective.
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.
Observation 4: The power saving gain of the cross-slot scheduling based solution is limited if there is no other enhancement.
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: The paging DCI can be considered to be combined with the PEI/WUS to achieve higher power saving gain.
Proposal 3: UE ID based grouping combined with other effective grouping information (e.g. paging probability) can be considered if additional power saving gain is justified.
Proposal 4: The number of UE groups can be considered to be adjusted based on the practical situation in the network.
Observation 5: CN is capable of grouping UEs but this involves CN operations/procedures, which will require corresponding work in CT or SA.
Observation 6: 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 5: RAN is responsible for grouping UEs.
Other paging enhancements
Observation 7: Unnecessary RAN paging reception for the RRC_IDLE UEs can be reduced by the following possible solutions:
· Introduce new information in PEI/WUS or paging DCI to indicate the type of paging (i.e., CN and/or RAN initiated).
· Divide RRC_IDLE UEs and RRC_INACTIVE UEs into different groups.
Observation 8: Unnecessary repeated paging reception for the non-moving UE caused by any previously missed paging can be reduced by introducing paging re-attempt indicator.
Observation 9: 1-to-N mapping between PEI/WUS/paging DCI and PO(s) brings power saving gains and the impacts on the CN and RAN SI modification can be minimized.
Observation 10: UE assistance information, e.g. paging false alarm rate of UEs or UE groups, helps to optimize the paging area.
Proposal 6: Other paging enhancements can be considered, e.g. RAN paging and CN paging differentiation, paging re-attempt indication, UE specific paging cycle adaptation, UE assisted paging area optimization.
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