[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: OLE_LINK198][bookmark: OLE_LINK199]3GPP TSG-RAN WG2 Meeting #115 electronic          	         R2-2108029
Online, 9th Augest – 27th Augest, 2021

Agenda Item:	8.9.2.2
Source: 	Huawei, HiSilicon
Title: 	Further considerations on other paging enhancements
Document for:	Discussion and decision
Introduction
During previous discussions, companies proposed various paging enhancements which can be decoupled with the UE subgrouping mechanism, including the CN/RAN paging differentiation, the mobility indicator, etc. [1]. We think these approaches can bring benefits.
In this contribution, we investigate other possible paging enhancements besides the UE grouping mechanism. 
Discussion
Paging differentiation
· CN/RAN paging differentiation
The issue of unnecessary RAN paging reception by the RRC_IDLE UEs was raised before. 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 avoided. 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 get benefits. Specific analysis is given as follows.
Here, we assume the ‘traffic model’ in idle mode is as follows:
Table 1 Parameters of traffic mode in idle mode
	Parameter
	Notation

	The number of UEs sharing the same PO
	N

	The ratio of RRC_IDLE UEs
	x

	The ratio of RRC_INACTIVE UEs
	y (=1-x)

	The probability of CN paging
	p

	The probability of RAN paging
	q


With the above parameters, the probability of different types of paging on a PO can be derived by the following equations:
;
;

For analysis, two scenarios could be considered: light load and high load paging scenarios, where for light load N is set to 10 while for high load, i.e. there would be a large number of UEs within the TA, N can be set to 50. The value of (p, q) is set to (0.5%, 1.5%) and (0.8% and 1.2%) respectively. The ratio of idle UEs and inactive UEs (i.e., the value of (x, y)) is set to (70%, 30%) and (60%, 40%) respectively. Probabilities of different types of paging on a PO derived based on the above equations are given below in Table 2.
Table 2 Paging probabilities on a PO
	
	Paging type
	The value of (p, q):
(0.5%, 1.5%) vs. (0.8%, 1.2%)

	
	
	Ratio of idle and inactive UEs :

	
	
	Idle: x = 70%
Inactive: y = 30%
	Idle: x = 60%
Inactive: y = 40%

	Light load (N = 10)
	RAN paging only
	4.28% / 3.36%
	5.69% / 4.49%

	
	CN paging only
	3.30% / 5.27%
	2.79% / 4.48%

	
	Both CN and RAN paging
	0.15% / 0.19%
	0.17% / 0.22%

	
	Portion of RAN only paging in all paging types
	55.38% / 38.08%
	65.77% / 48.84%

	High load (N = 50)
	RAN paging only
	17.02% / 12.50%
	22.44% / 16.86%

	
	CN paging only
	12.83% / 20.45%
	10.32% / 16.82%

	
	Both CN and RAN paging
	3.26% / 4.06%
	3.64% / 4.59%

	
	Portion of RAN only paging in all paging types
	51.40% / 33.79%
	61.65% / 44.05%



As can be observed, the RAN-only paging accounts for a large part of the total received paging, which implies that RRC_IDLE UEs performs unnecessary RAN paging PDSCH reception most of the time.
A simple and straightforward way that is decoupled with the UE grouping mechanism is to introduce new information directly indicating the type of paging (i.e., CN and/or RAN initiated). 
For instance, if the information indicating the presence of only RAN paging or absence of CN paging is carried in PEI 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 messages based on the indication and their own RRC state, such that RRC_IDLE UEs can avoid paging reception when there is only RAN paging.
Considering that the gNB is aware of the paging type and available bits in PEI/paging DCI are not very limited, we think this solution is easy to implement and the impact is relatively small.
Observation 1: Informing UEs the type of paging (i.e., CN and/or RAN initiated) can avoid unnecessary RAN paging reception by RRC_IDLE UEs, which brings considerable power saving gain.
· MBS paging differentiation
As presented below, R17 NR Multicast has agreed that the legacy paging would be used as a baseline for multicast activation which contains MBS session ID in the notification.
	RAN2#114-e
· Use PCCH for Multicast activation notification (also for MBS supporting nodes). 
· Confirm that we convey the MBS session ID in the notification. 
· Use of paging in all (legacy) PO with PRNTI is the baseline assumption (can still discuss other variants)



[bookmark: _GoBack]Considering that the multicast would be an optional function, the MBS activation related paging may affect legacy UEs or MBS-supporting UEs which temporarily do not use the MBS service if the legacy paging procedure is directly reused.
Similar to the above-mentioned issue of CN/RAN paging, the negative impact of MBS paging can be reduced by early indication of whether the paging intention is MBS activation such that irrelevant UEs can avoid unnecessary paging reception.
Observation 2: Informing UEs whether the paging is intended for MBS activation can avoid unnecessary paging reception by non-MBS UEs, which reduces the negative impact on power consumption.
Proposal 1: Introduce new information in PEI or paging DCI for paging differentiation to reduce unnecessary paging reception by irrelevant UEs. Possible information includes:
· Indication of whether the paging is CN-initiated or RAN-initiated;
· Indication of whether the paging is for MBS activation.
Paging accuracy optimization
In addition to the issue that more than one UE monitors the same PO, the accuracy of paging is also one factor which impacts the paging false alarm rate. For instance, if the network cannot reach a UE in the first paging, it may repeat the paging several times (in larger paging areas); or if the network does not have specific information about a UE’s location, it may page the UE in a relatively large area. In both cases, there exist irrelevant UEs (i.e., the unpaged UEs) receiving paging one or more times.
In our view, there can be two directions for optimizing the paging accuracy.
· Paging re-attempt indicator
One direction is to consider network-assisted optimization.
In the email discussion [1], 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 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 PEI or paging DCI 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 or paging PDSCH 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 3: Unnecessarily repeated paging reception for the non-moving UE caused by any previously missed paging can be reduced by the network indicating whether a paging is a repeated one.
· UE assisted paging area optimization
Another direction is to consider UE-assisted optimization.
The network’s paging strategy affects the paging success 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 stay 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.
Considering that UEs clearly know their own movement and some UEs may have obvious mobility patterns (e.g., moving within a limited area during working hours), we think this approach is effective and easy for implementation.
Observation 4: UE assistance information on mobility patterns (e.g., UE’s stay cell information) helps to optimize the paging area determination.
Proposal 2: Consider paging enhancements for optimizing paging accuracy. Possible approaches include:
· Introducing a paging re-attempt indicator for reducing unnecessarily repeated paging reception caused by previously missed paging.
· Allowing the UE to report stay cell information for more precise paging area determination.
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 above issue, 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.1, 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.1 The example of 1-to-N mapping based on the length of UE specific DRX cycle
Proposal 3: Reducing the number of PO(s) to be monitored for power saving is considered if the UE specific DRX cycle is longer than the default DRX cycle
Conclusion
[bookmark: OLE_LINK3]In this paper we investigate other paging enhancements. Observations and proposals are summarized as below.
Observation 1: Informing UEs the type of paging (i.e., CN and/or RAN initiated) can avoid unnecessary RAN paging reception by RRC_IDLE UEs, which brings considerable power saving gain.
Observation 2: Informing UEs whether the paging is intended for MBS activation can avoid unnecessary paging reception by non-MBS UEs, which reduces the negative impact on power consumption.
Proposal 1: Introduce new information in PEI or paging DCI for paging differentiation to reduce unnecessary paging reception by irrelevant UEs. Possible information includes:
· Indication of whether the paging is CN-initiated or RAN-initiated;
· Indication of whether the paging is for MBS activation.
Observation 3: Unnecessarily repeated paging reception for the non-moving UE caused by any previously missed paging can be reduced by the network indicating whether a paging is a repeated one.
Observation 4: UE assistance information on mobility patterns (e.g., UE’s stay cell information) helps to optimize the paging area determination.
Proposal 2: Consider paging enhancements for optimizing paging accuracy. Possible approaches include:
· Introducing a paging re-attempt indicator for reducing unnecessarily repeated paging reception caused by previously missed paging.
· Allowing the UE to report stay cell information for more precise paging area determination.
Proposal 3: Reducing the number of PO(s) to be monitored for power saving is considered if the UE specific DRX cycle is longer than the default DRX cycle
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