3GPP TSG-RAN2 Meeting #111 Electronic                                    R2- 2006774 
17th August – 28th August 2020

Agenda item:
8.9.2
Source:
Samsung

Title:
Paging Enhancements to Reduce Unnecessary Paging receptions
Document for:
Discussion & Decision
1 Introduction
According to WID [1], the objectives related to idle/inactive-mode UE power saving are as follows:
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

In this contribution, we discuss some potential enhancements to reduce unnecessary paging receptions idle/inactive mode.

2 Discussion
In the RRC_IDLE/RRC_INACTIVE, UE monitors one paging occasion per DRX cycle to receive paging messages, short messages, SI change notifications and ETWS/CMAS notifications. Short messages, SI change notifications and ETWS/CMAS notifications are included in DCI of PDCCH addressed to P-RNTI. Paging messages are scheduled over PDSCH by PDCCH addressed to P-RNTI. The paging message includes one or more paging records. Each paging records corresponds to a paged UEs. The paging record includes one of I-RNTI or 5G-S-TMSI.
In the RRC_IDLE, UE monitors paging occasion for CN-initiated paging (i.e. UE identifier in paging message is 5G-S-TMSI. In the RRC_INACTIVE, UE monitors paging occasion for both RAN-initiated paging (i.e. UE identifier in paging message is I-RNTI) and CN-initiated paging. CN-initiated paging in RRC_INACTIVE is mainly to handle the RRC state mismatch scenario between UE and network. The paging occasion monitored by RRC_INACTIVE UE for both CN-initiated paging and RAN-initiated paging is same.
2.1 Unnecessary paging message receptions and RAN paging
Network configures several paging frames/paging occasions in DRX cycle. UE determines its paging frame/paging occasion using the same UE ID (i.e. 5G-S-TMSI mod 1024) irrespective of whether the UE is in RRC_IDLE or RRC_INACTIVE. Since the UE ID is not unique, several UEs (i.e. UEs having the same UE ID) in RRC_IDLE and RRC_INACTIVE monitors the same paging occasion. As a result, if a RAN paging is sent for a UE in RRC_INACTIVE, several UE(s) in RRC_IDLE having the same paging occasion as that of paged UE, will receive and decode PDSCH for paging message upon receiving PDCCH addressed to P-RNTI. This is shown in figure 1. 
Observation 1: Several RRC_IDLE UEs unnecessarily receives and decodes paging message upon RAN paging.
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Figure 1
The unnecessary RAN paging reception by the RRC_IDLE UEs can be avoided if UEs can know in advance that the paging message includes only RAN paging (i.e. it does not include any CN paging). The information indicating presence of only RAN paging or absence of CN paging in paging message can be indicated in DCI/short message.
Proposal 1: RAN2 to discuss/agree the following to minimize unnecessary paging receptions by the RRC_IDLE UEs due to RAN paging. 

· Information indicating presence of only RAN paging (or absence of CN paging) in paging message can be informed using DCI. 

· RRC_IDLE UE is not required to receive paging message if scheduled paging message only includes RAN paging.
2.2 Unnecessary paging message receptions and Paging Occasion
In section 2.1 we discussed about sharing of paging occasion by UEs in RRC_IDLE and RRC_INACTIVE and how to avoid wakeup of UEs monitoring only CN paging when network sends RAN paging. In this section we discuss about sharing of paging occasion by UEs monitoring same type of paging. For example, UE A and UE B are monitoring paging occasion for same type of paging (CN paging; CN paging and RAN paging). PDCCH addressed to P-RNTI is received in paging occasion for a paging message which includes paging for UE A. In this case both UE A and UE B will receive and decode paging message scheduled by PDCCH addressed to P-RNTI. UE A finds its identity in paging message and hence responds to paging. UE B on other hand does not find its identity in paging message and hence goes to sleep.
If a given UE’s paging rate per DRX cycle is x %, then the paging rate in a paging occasion per DRX cycle is [1 – (1-x/100)N]*100, where N is number of UEs monitoring a paging occasion. If ‘x’ is 1% and N is 100, paging rate per DRX cycle is ~63%. If large number of UEs are monitoring same paging occasions, UEs may unnecessarily wakeup a significant number of times for paging receptions. One can argue that, by configuring appropriate number of paging frames and number of paging occasions per paging frame, the number of UEs which monitors a paging occasion can be minimized. Note that each radio frame in DRX cycle can be configured as paging frame and up to 4 paging occasions can be configured per PF.
Observation 2: Several UEs unnecessarily receives and decodes paging message when many UEs monitor the same paging occasion.
If many UEs monitor a paging occasion, to minimize unnecessary paging receptions UEs monitoring the paging occasion can be divided into paging groups and group information can be indicated in DCI. Only the UEs whose group is paged needs to receive paging message. The groups can be formed based on paging rate, UE ID etc.
Proposal 2: UEs monitoring the paging occasion can be divided into paging groups and group information can be indicated in DCI to minimize unnecessary paging receptions by UEs monitoring a paging occasion.
Proposal 3:  RAN2 to discuss mechanisms to group UEs monitoring a paging occasion into multiple paging groups.
2.2 Unnecessary paging message receptions and DRX cycle
Figure 2 illustrates various paging DRX cycles configured by network and monitoring of paging DRX cycle by UE in RRC_IDLE. Figure 2(a) shows the paging occasions of UE corresponding to default paging DRX cycle. Figure 2(b) shows the paging occasions of UE corresponding to UE specific paging DRX cycle which is negotiated between UE and network. Figure 2(c) shows the actual monitored paging DRX cycle according to current specification [2].

If the UE specific paging DRX cycle is longer than default paging DRX cycle, UE may unnecessarily decode DL TB for paging message in several paging occasions (circled in red in figure 2). Note that this (i.e. decoding DL TB for paging message in paging occasions circled in red) was needed in LTE as SI update/emergency notifications were also included in Paging message in LTE. However, in NR, SI update/emergency notifications are included in short message and not in paging message. Receiving and decoding DL TB leads to increased wakeup and hence power consumption. One can argue that paging message can be transmitted for the UE in paging occasions circled in red and hence can reduce paging latency. However, given that UE and network has negotiated UE specific paging DRX cycle, monitoring paging message more frequently is not essential and not good for UE’s power consumption.
Observation 3: UE may unnecessarily receive and decode paging message in several paging occasions when UE specific DRX cycle is longer than default DRX cycle.
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Figure 2
So we propose that, if UE specific DRX cycle is greater than default DRX cycle, UE monitors PDCCH addressed to P-RNTI for paging message according to UE specific DRX cycle. Note that there is no change to short message monitoring. To be more specific,

If UE specific DRX cycle is greater than default DRX cycle: 

·  UE monitors PDCCH addressed to P-RNTI for Short message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) * (UE_ID mod N), where T = Min (Default DRX Cycle, UE specific DRX cycle); This is same as current behavior for short message monitoring. 
·  UE monitors PDCCH addressed to P-RNTI for Paging message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) *(UE_ID mod N), where T = UE specific DRX cycle. 
Otherwise,
·  UE monitors PDCCH addressed to P-RNTI for short message and paging message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) * (UE_ID mod N), where T = Min (Default DRX Cycle, UE specific DRX cycle). This is the current behavior.

Note that, if multiple UE specific DRX cycles are configured, UE specific DRX cycle is minimum of all of them in the above description.
Proposal 4:  If UE specific DRX cycle is greater than default DRX cycle:

· UE monitors PDCCH addressed to P-RNTI for Paging message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) *(UE_ID mod N), where T = UE specific DRX cycle
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: RAN2 to discuss/agree the following to minimize unnecessary paging receptions by the RRC_IDLE UEs due to RAN paging. 

· Information indicating presence of only RAN paging (or absence of CN paging) in paging message can be informed using DCI. Details FFS.

· RRC_IDLE UE is not required to receive paging message if scheduled paging message only includes RAN paging.
Proposal 2: UEs monitoring the paging occasion can be divided into paging groups and group information can be indicated in DCI to minimize unnecessary paging receptions by UEs monitoring a paging occasion.
Proposal 3:  RAN2 to discuss mechanisms to group UEs monitoring a paging occasion into multiple paging groups.
Proposal 4:  If UE specific DRX cycle is greater than default DRX cycle:

· UE monitors PDCCH addressed to P-RNTI for Paging message in its PO with respect to PF which satisfies (SFN + PF_offset) mod T = (T div N) *(UE_ID mod N), where T = UE specific DRX cycle
4 References
[1] RP-200938, “Revised WID UE Power Saving Enhancements for NR”
[2] TS 38.304, “User Equipment (UE) procedures in Idle mode and RRC”
UE A
gNB
UE B
PDCCH addressed to P-RNTI
(Short message indicator: 01 i.e. paging message)
UE is in RRC_IDLE and monitoring PDCCH addressed to P-RNTI
UE is in RRC_INACTIVE and monitoring PDCCH addressed to P-RNTI
UE receives and decodes PDSCH according to info received in PDCCH
UE receives and decodes PDSCH according to info received in PDCCH
UE checks for its 5G-S-TMSI in paging message. Upon checking the message,  UE sleeps
Paging Message on PDSCH
(includes RAN paging i.e. I-RNTI for UE B)
UE checks for its I-RNTI in paging message. UE responds to received paging



Default Paging Cycle
(T1)
UE Specific Paging Cycle (T2)
Monitored Paging 
Cycle (T3)
PO: PDCCH addressed to P-RNTI; Paging message in PDSCH;
PO: PDCCH addressed to P-RNTI; Short message in DCI;
PO: UE monitors PDCCH addressed to P-RNTI. UE processes received short message in DCI. UE also decodes scheduled DL TB.
Monitored Paging Cycle (T3) = Min (Default Paging Cycle(T1), UE specific Paging Cycle (T2))
In NR, UE unnecessarily decodes DL TB in these paging occasions. Note that this was needed in LTE as SI update/emergency notifications were also included in Paging message in LTE.



