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In Nov. 2020, RAN1 agreed to introduce paging early indication (PEI), and sent a LS [1] to RAN2, including the following RAN1 agreements:
	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


Meanwhile, RAN2 has a post-meeting email discussion [2] about UE grouping for paging enhancements, which is also mentioned in the RAN1 LS. In this contribution, we discuss more details about how UEs should be grouped when PEI is introduced.
Discussion
UE grouping methods
In addition to the baseline UE_ID based UE grouping method, UE grouping methods mentioned in [2] include (1) paging probability information, (2) UE power consumption profile, (3) network assigned subgrouping, (4) the releases UE supports, (5) RRC State or CN vs. RAN paging, and (6) UE mobility. 
(1) Paging probability information
This method is effective for IoT where paging probabilities are quite different for different device types (e.g. sensors, meters, etc.). In NR, each eMBB UE is expected to have different kinds of applications, and it may be uneasy to estimate the paging probability. However, if RedCap UEs are considered, paging probability based UE grouping is possible, and it helps power saving for rarely paged UEs.
(2) UE power consumption profile
UEs may have different power consumption profiles. For example, some UEs prefer power saving at the cost of potential paging delay, while others cannot tolerate delayed paging message but are also less sensitive to power consumption. We believe that this is an “on/off” question rather than a UE grouping problem. In other words, we should allow UE to indicate (e.g. using UE assistance information) whether it prefers R-17 paging enhancements for power saving purpose.
(3) Network-assigned grouping
This method allows network to consider multiple factors for UE grouping. The drawback is the lack of RAN-level flexibility, i.e. the group index of each UE must be the same across all cells in a registration area.
(4) The release(s) UE supports
PEI is applicable only to Rel-17 UEs. Network sends negative indication even if a legacy UE in the group (of UEs monitoring the same PO) is paged, as long as no R-17 UE supporting PEI is paged. This needs not to be considered as a UE grouping method.
(5) RRC State or CN vs. RAN paging
The benefit of this method may be limited since only two groups are considered. 
(6) UE mobility
Mobility state estimation may not be very precise. Also, UE feedback of its mobility becomes signaling overhead. Therefore, we do not prefer UE grouping based on mobility. 
Based on the above discussions, we think that power saving is important for rarely paged UEs and power-critical UEs. Therefore, we have the following proposals about UE-group PEI.
Proposal 1:	In addition to UE_ID based method, UE grouping for PEI considers power saving for rarely paged UEs and power-critical UEs.
Combination of multiple UE grouping method
As explained in the previous section, in addition to UE_ID based grouping, we also consider power saving for power-critical UEs and rarely paged UEs. Although RAN1 is still discussing the physical-layer design of PEI, we can assume that the PEIs come as bursts, and in each “PEI burst” there is a fixed number of PEIs serving the same number of UE subgroups. To simply the procedure for UE to find its PEI when multiple UE grouping factors are considered, we have the following suggestions. 
· The PEIs in a PEI burst are divided into PEI sets, and the number of PEIs in each PEI set is adjustable.
· Each PEI set is associated with one or multiple grouping factors other than UE_ID.
· UE first finds its PEI set using the above factors, and then selects its PEI based on UE_ID. 
In Figure 1, we show an example where a PEI burst carries 12 PEIs. 
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Figure 1. Example of UE-Group PEI
In the above example, the PEIs in a PEI burst are divided into three PEI sets containing 3, 3 and 6 PEIs, respectively. Power-critical UEs select PEI Set #0 or #1 according to their paging probability level, while non-power-critical UEs are not assigned with paging probability and thus always use PEI Set #2. After selecting the PEI set, a UE determined its PEI based on UE_ID (i.e. via modulo operation). Power-critical UEs are assigned with paging probability levels not only because they are power-critical, but also because the applications for these kind of UEs are relatively simple and thus it is possible to estimate the paging probability of each UE. In contrast, non-power-critical UEs are not assigned with paging probability since they may run multiple applications (e.g. eMBB UEs), and it is uneasy to estimate individual UE’s paging probability. To help reduce “false alarm” rate, more PEIs may be allocated to the PEI set for non-power-critical UEs, as shown in our example. 
[bookmark: _GoBack]With the proposed PEI selection method, the PEI set is similar to the WUS group set in Rel-16 GWUS. In GWUS, UE selects a WUS group set based on paging probability level, while the PEI set here may be selected based on multiple. Another important difference between our proposed Rel-17 PEI and Rel-16 GWUS is that a PEI burst may serve multiple POs monitored by different UEs. This is because PEIs should be transmitted near SSB bursts, so as to avoid additional wake-ups for PEI monitoring. Since the PO is also selected based on UE_ID, the PEI for different PO can be reflected in the final (UE_ID based) stage of PEI selection within PEI set.
Proposal 2:	UE-Group PEI operates as follows:
· The PEIs in a PEI burst are divided into PEI sets, and the number of PEIs in each PEI set is configurable by the network.
· Each PEI set is associated with one or multiple UE grouping factors other than UE_ID.
· UE first finds its PEI set using the above factors, and then selects its PEI based on UE_ID. 
Numerical Results
In this section, we show UE power consumptions calculated based on RAN1 evaluation methodology in [3] and the following assumptions:
· We have three kinds of UEs monitoring the same PO
· eMBB: 0.1% individual paging rate, DRX cycle = 1.28s
· RedCap1: 0.1% individual paging rate, DRX cycle = 2.56s 
· RedCap2: 0.01% individual paging rate (i.e. less frequently paged UEs), DRX cycle = 2.56s
· PEI burst and PEI sets configurations
· A PEI burst has 12 PEIs, i.e. it can serve 12 subgroups of UEs.
· In PEI Set Type 1, there are (6, 3, 3) PEIs in the three PEI sets corresponding to the 3 kinds of UEs (eMBB, RedCap1, RedCap2)
· In In PEI Set Type 2, there are (4, 4, 4) PEIs in the three PEI sets corresponding to the 3 kinds of UEs (eMBB, RedCap1, RedCap2)
· In Scenario#1, we consider a lightly populated area, and there are 120 UEs of each kind. In Scenario#2, the population density is higher and we have 480 UEs of each kind.
The average power consumption is shown in the figures below.
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Figure 2. Power consumption of UE-Group PEI
To purpose of this numerical analyses is to evaluate how much extra power can be saved with UE grouping methods other than UE_ID based one. We have the following observations.
· UE_ID based grouping that mixes all kinds of UEs (PEI mixed) provides significant power saving gain over single PEI. In scenario#1 is saves 6% power for RedCap UEs and 8% for eMBB UEs. In Scenario#2 more power can be saved (14% for RedCap UEs and 19% for eMBB UEs) because the effective UE subgroup paging rate is reduced more in densely populated case. 
· The proposed paging probability based UE grouping method further provides some slight power saving gain. For rarely paged RedCap2 UEs, the power saving over pure UE_ID based grouping is 0.53% for Scenario#1 and 2.15% for Scenario#2.
Although the additional power saving gain brought by the proposed PEI set configurations is not huge, it is still beneficial with little additional cost. Thus, we have the following suggestions:
· UE grouping based on power consumption profile distinguishes between power-critical and non-power critical UEs.
· Paging probability based UE grouping can be optional configured for power-critical UEs and provides another dimension of UE grouping. 
Proposal 3:	UE grouping based on power consumption profile distinguishes between power-critical and non-power critical UEs.
Proposal 4:	Paging probability based UE grouping can be optional configured for power-critical UEs and provides another dimension of UE grouping.
Network-assigned PEI Set
In our example above, the UE grouping factors in each PEI set is explicit provided to the UEs. If UE grouping rules and the PEI group sets for UEs are not changed within a registration area, an alternative is that the network directly assigns PEI set to each UE. In this way the UE grouping factors need not to be negotiated between network and UE, and this allows non-standardized UE grouping by the network.
Proposal 5:	The UE grouping factors for PEI set selection may be known or unknown to UEs. In the latter case, the PEI set of each UE is directly assigned by the network.
Notice that in this method, network assigns the PEI set, not PEI, for each UE. That is, UE still needs to select its PEI based on UE ID. In this way, RAN-level flexibility can be kept, for example, each cell can decide the total number of PEIs and the PEIs allocated for each PEI set. 
Conclusion
This contribution discussed the paging enhancements with UE-group PEI for UE power saving in NR. It is proposed to discuss and decide on the following proposals:
Proposal 1:	In addition to UE_ID based method, UE grouping for PEI considers power saving for rarely paged UEs and power-critical UEs.
Proposal 2:	UE-Group PEI operates as follows:
· The PEIs in a PEI burst are divided into PEI sets, and the number of PEIs in each PEI set is configurable by the network.
· Each PEI set is associated with one or multiple UE grouping factors other than UE_ID.
· UE first finds its PEI set using the above factors, and then selects its PEI based on UE_ID.
Proposal 3:	UE grouping based on power consumption profile distinguishes between power-critical and non-power critical UEs.
Proposal 4:	Paging probability based UE grouping can be optional configured for power-critical UEs and provides another dimension of UE grouping.
Proposal 5:	The UE grouping factors for PEI set selection may be known or unknown to UE. In the latter case, the PEI set of each UE is directly assigned by the network.
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