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Introduction
A new Rel-17 work item on UE power saving enhancements for NR was approved in RAN #86 and revised in RAN #88e. According to the latest WID [1] as follows, the first objective concerning idle/inactive-mode UE power saving enhancements is in RAN2 scope.
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2) Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
a) Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
b) Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS



In this contribution, we focus on paging enhancements and mainly investigate the UE grouping mechanism as a promising approach for false paging alarm reduction.
Discussion
The UE grouping mechanism
In Rel-16, the enhancement of UE paging procedure has been discussed during the study item phase but was down-prioritized and not standardized in the end. Some progress has been made and captured in the TR 38.840 [2] as presented below.
	[bookmark: _Toc3387275]6    Higher layer procedure for UE power saving
[bookmark: _Toc3387276]6.1	UE paging procedure based on power saving signal/channel/procedure
The power saving signal/channel related paging is down-prioritized in the study. 
Extending the DRX cycle length to 10.24s in idle and inactive mode will be considered. Increasing it above 10.24s will not be studied.
A power saving specific rule will be defined for DRX cycle determination in idle and inactive mode, in the presence of different DRX cycle configurations (e.g. UE specific and default).  It is FFS how it is enabled. The DRX cycles are decided by the network based on UE preference indications. All enhancements are aiming at reusing existing mechanism (e.g. eDRX).
More than one UE may monitor the same Paging Occasion (PO), which can cause false paging alarms in the UE, i.e. when the UE receives a paging message on PDSCH, which is not intended for that UE, causing unnecessary power consumption in the UE. False paging alarms also occur when the UE has changed cell since it was last paged, i.e. due to mobility, where the network has to page the UE in more than one cell. However, there was no consensus to prioritize this issue for RAN2.



As can be observed from the above analysis in the TR, the issue of false paging alarms was identified. A UE may perform paging message receptions unnecessarily in case that multiple UEs monitor the same Paging Occasion (PO) and the paging is actually initiated for other UEs on this PO, which is unfavourable for the unpaged UE from the perspective of power consumption. To estimate the probability of said paging false alarm, we obtained statistical data from field testing, as shown below in Table 1. The paging cycle is 1.28s. From the statistics, it can be observed that the average false alarm probability for the observed UE is 97.65%.
Table 1 The probability of paging false alarm
	
	Staring time
	Ending time
	Idle time(s)
	# of PDCCH with P-RNTI
	# of Paging with UE ID
	Probability of unpaged DRX cycles

	1
	5:56:46
	6:21:58
	1277
	220
	3
	98.64%

	2
	6:22:07
	6:39:49
	855
	179
	5
	97.21%

	3
	6:39:49
	6:49:52
	500
	121
	3
	97.52%

	4
	15:07:41
	15:17:42
	443
	181
	3
	98.34%

	5
	15:17:43
	15:27:30
	364
	141
	6
	95.74%

	6
	15:27:31
	15:38:20
	492
	179
	2
	98.88%

	7
	20:37:41
	20:44:13
	250
	52
	2
	96.2%

	8
	21:42:10
	21:56:04
	634
	317
	7
	97.79%

	9
	21:56:30
	22:17:10
	75
	347
	6
	98.27%

	10
	22:18:41
	22:38:32
	990
	287
	6
	97.91%



Observation 1: The issue of paging false alarm can occur due to more than one UE monitoring the same PO, resulting in unnecessary UE power consumption for paging reception.
With further investigation, the primary cause of paging false alarm is that, in the current paging mechanism, UEs monitoring the same PO receive the same paging DCI and would therefore all need to perform PDSCH reception. Only after decoding the paging message, can the individual UE finally determine whether the paging is addressed to itself by checking paging UE identities included in the paging message.
Hence, considering the root cause, a straightforward way to reduce the false alarm is by separating UEs monitoring the same PO before the paging message reception on PDSCH such that the negative impact on the UEs not being actually paged can be minimized.
According to the previous discussion in Rel-16, there are two potential directions. One is to specifically distinguish each UE by e.g. including UE identity information in paging DCI, while the other is to group UEs and inform which group(s) is paged. Comparing the two alternatives, though the first one may achieve a higher gain in paging false alarm reduction, it requires larger payload to carry the UE identity information especially when several UEs are being paged simultaneously. The second one, on the other hand, is more reasonable in terms of the trade-off between false alarm reduction gain and additional payload. Therefore, we propose to take the UE grouping mechanism as the approach for paging enhancement in Rel-17.
Proposal 1: The UE grouping mechanism is introduced as a paging enhancement.
Approaches for grouping UEs
To implement the UE grouping-based paging mechanism, a complete procedure should be studied and specified. In this section, we first investigate a basic aspect concerning how to group UEs, mainly focusing on the criterion for dividing UEs into different groups and discussing potential directions on which node should be responsible for UE grouping.
What information is used for determining UE groups
The criterion for grouping UEs is one essential issue. The information utilized for determining the group a UE belongs to may affect the effectiveness of the UE grouping mechanism. There can be several potential options, described as follows:
One is to group UEs based on the UE identity information, e.g., 5G-S-TMSI, I-RNTI, etc. This can be a simple approach since the UE identity is known to both the UE and the network without ambiguity and, similar to the PO calculation, rules or formulas can be defined in the specification. The effectiveness of this option, however, may not be very clear and guaranteed due to the randomness of the UE identity information.
Another option is to use the 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. 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 minimizing the false alarm rate. Compared with the UE identity based method, this option can achieve more obvious gain but may require additional work in standardization or UE implementation for paging probability derivation.
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: RAN2 to study how to determine UE groups, the information to be used may include:
· UE IDs
· Paging probability
· Other grouping assistance information
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 can 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 2: 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 straightforward solution to let the gNB be responsible for UE grouping given that the gNB has sufficient paging relevant information.
Observation 3: Although paging can be initiated by RAN or CN, RAN is the network entity that directly transmits paging information to the UE.
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. 
UE
gNB
AMF
Grouping assistance information
UE group information
Grouping assistance information
UE grouping determination

Fig.2 gNB determines UE groups
Observation 4: RAN is capable of grouping UEs based on assistance information from UE or CN if necessary.
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: Study which network entity is responsible for grouping UEs, specifically RAN or CN.
On the realization of group-based paging
Based on the premise that UE grouping has been realized, here in this section, we discuss how the gNB transmits the paging information using the UE grouping mechanism. The following solutions can be considered.
· Early transmitted paging information
According to previous analysis, power consumption is increased due to a lot of unnecessary ‘state transition’ and ‘light sleep’ in the unpaged DRX cycles. This can be reduced for power saving, by introducing early information before PO to inform the UE whether to monitor the following PO(s), to achieve power saving gain by reducing unnecessary paging DCI decoding and paging message reception. To save more power, the early transmitted paging information can be near SSB. If the early transmitted paging information is close to 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.
· Paging DCI
The paging DCI can be a candidate in case the early transmitted paging information is not introduced. If the UE group indication is included in paging DCI, UEs in unpaged groups can save unnecessary power consumption on PDSCH reception.
Table 2 Evaluation results of the power saving gain for grouping-based paging
	Power saving gain
	Grouping indication in paging DCI (2 UEs per group) vs NR 15
	Grouping indication in Early Transmitted Paging (2 UEs per group) vs NR R15

	High SINR
	-0.13%
	-13.0%

	Low SINR
	-0.08%
	-19.8%



The evaluation results of the power saving gain for grouping-based paging are shown in Table 2 above, the evaluation methodology is described in the Appendix.
Proposal 4: Study how the gNB provides the UE group indication for paging target UEs. Possible alternatives include:
· By using early transmitted paging information to indicate UE grouping information; 
· By using paging DCI to indicate UE grouping information.
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: The issue of paging false alarm can occur due to more than one UE monitoring the same PO, resulting in unnecessary UE power consumption for paging reception.
Proposal 1: The UE grouping mechanism is introduced as a paging enhancement.
Proposal 2: RAN2 to study how to determine UE groups, the information to be used may include:
· UE IDs
· Paging probability
· Other grouping assistance information
Observation 2: CN is capable of grouping UEs but this involves CN operations/procedures, which may require corresponding work in CT or SA.
Observation 3: Although paging can be initiated by RAN or CN, RAN is the network entity that directly transmits paging information to the UE.
Observation 4: RAN is capable of grouping UEs based on assistance information from UE or CN if necessary.
Proposal 3: Study which network entity is responsible for grouping UEs, specifically RAN or CN.
Proposal 4: Study how the gNB provides the UE group indication for paging target UEs. Possible alternatives include:
· By using early transmitted paging information to indicate UE grouping information; 
· By using paging DCI to indicate UE grouping information.
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Appendix
[bookmark: _Ref46481149][bookmark: _Ref29301707]Evaluation methodology 
[bookmark: OLE_LINK4]As what we did in Rel-16 UE power saving, power saving gain can be used to evaluate different schemes. In [2], the power model for RS reception, PDCCH-only and PDCCH+PDSCH has already been specified, which can be used to calculate the power consumption of IDLE/INACTIVE UE behaviors. Since in IDLE/INACTIVE mode UE stays in the initial BWP, the bandwidth of which is typically 20MHz. Therefore, scaling is needed to get the power consumption in IDLE/INACTIVE UE. According to [2], the scaling factor of X MHz is , and therefore the power consumption of ‘PDCCH-only’ is  power units for IDLE/INACTIVE UE. However, it should be noted that the power consumption of ‘micro-sleep’ is 45 power units. It is not reasonable that the power consumption of ‘PDCCH-only’ is smaller than that of ‘micro-sleep’. Therefore, the power consumption of ‘PDCCH-only’ can be 50 power units. Following the same principle, the power consumption of ‘SSB’ or ‘CSI-RS’ are also 50 power units. As for ‘PDCCH+PDSCH’, the power consumption is . If the UE bandwidth is smaller than 20MHz, the same scaling and bounding method can be used. As for the power consumption of ‘sleep’, it should keep unchanged since scaling is only applied to non-sleep power states. For evaluation, the power model in the following table is proposed to be used, which follows the scaling rule and power model in TR38.840.
	Power state
	Relative power units

	Deep sleep
	1

	Light sleep
	20

	Micro sleep
	45

	PDCCH-only
	50

	PDCCH+PDSCH
	120

	SSB or CSI-RS proc.
	50



Paging model needs to be defined for the evaluation. Considering we need to model the unnecessary pre-wake-up and paging reception in the evaluation. The ‘traffic model’ in IDLE/INACTIVE mode should consider the following two aspects:
· The probability when a UE is actually paged by network, which is defined as the paging rate of a UE: p.
· The number of UEs sharing the same PO: N.
With the above two parameters, the probability of sending a paging DCI and PDSCH on a PO, i.e. the paging rate per PO, can be calculated by the following equation

For normal UE, the value of p can be 1%. For the value of , two scenarios could be considered: light load and high load paging scenarios. For light load, N is set to 10, which corresponds to a paging rate per PO of 9.56% ( ). For high load, i.e. there would be a large number of UEs within the TA, N can be set to [50], which corresponds to a paging rate per PO of . In real deployment, the number of UEs camping in the same cell can be at most 600. Considering there are multiple cells in a TA, assuming at most 50 UEs sharing a PO can be reasonable. For evaluation, the traffic model in IDLE/INACTIVE mode is proposed to be modeled by the paging rate of a UE and the number of UEs sharing a PO(N), which are defined by the following table.
	Parameter 
	Low load
	High load

	Paging rate of a UE(p)
	1%
	1%

	N (the number of UEs sharing a PO)
	10
	[50]

	P(paging rate of a PO, P=1-(1-p)^N)
	9.56%
	[39.50%]



To align the evaluation results from different companies, other evaluation assumptions should also be made. Some reference configuration can be as follows.
· I-DRX cycle length is 1.28s
· SCS = 30kHz
· SSB burst set periodicity is 20ms
· When UE is in good coverage, i.e. SINR is high, one SSB is used for pre-sync before PO (including time/frequency synchronization, AGC and etc); while UE is in bad coverage, i.e. SINR is low, two or three SSBs are used.
· When UE is in good coverage, S-criterion should be considered, then UE doesn’t perform neighbour cell measurement
· When UE is in bad coverage, the neighbour cell measurement relaxation scheme, which is specified in Rel-16, should also be considered, and one frequency layer with 5ms SMTC window is assumed

	Parameter 
	Good coverage
	Bad coverage

	#SSB burst
(Number of SSB burst to be received before the PO)
	1
	2 or 3

	SSB burst set periodicity
	20ms
	20ms

	SCS
	30kHz
	30kHz

	Neighbor cell measurement
	Not modeled for good coverage UE (considering S-criterion and RRM relaxation in Rel-16)
	Only monitor one frequency layer in one DRX cycle (considering RRM relaxation in Rel-16)
SMTC = 5ms
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