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[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
Paging Early Indication (PEI) and UE paging subgrouping will be supported in Rel-17 for UE power saving in Idle/Inactive mode. In this contribution, we discuss open issues for PEI and UE paging subgrouping. 
Discussion  
RAN2 specification for PEI monitoring
After RAN#93 decision that only PDCCH-based PEI is supported, RAN1 made agreements about PEI details. A new subclause is added to the running CR of TS 38.213 [1], capturing the information provided to UE for PDCCH monitoring, as shown below:
	[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314][bookmark: _Toc36498188][bookmark: _Toc45699216][bookmark: _Toc83289688]10. 4A	PDCCH monitoring for early indication of paging
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
-	a search space set, by peiSearchSpace, to monitor PDCCH for detection of DCI format 2_7 according to a Type2A-PDCCH CSS set as described in clause 10.1
-	a number of frames, by PEI-F_offset, from the start of a first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame 
-	a number of symbols, by firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
-	a size, by payloadSizeDCI_format2_7
-	a number of subgroups per paging occasion, , by subgroupsNumPerPO
[bookmark: _Hlk92119104]-	a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided or . For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , , and  are defined in [17, TS 38.304]. When the value is ‘1’, the UE monitors a paging occasion determined according to [17, TS 38.304]; otherwise, the UE is not required to monitor the paging occasion.


Based on RAN1 design, we first explain the PEI monitoring procedure with illustrations.
For each PO, a PEI-enable UE determines the location of PEI occasion (PEI-O):
1. Identify the “PF-start” for the POs associated with the target PEI-O, i.e., the first PF of the PF(s) associated with the PEI-O (at most 2 PFs can be associated with a PEI-O)
2. Identify a reference frame by a frame-level offset, PEI-F_offset, from the “PF-start”
3. Identify the start of first PDCCH MO of PEI-O by a symbol-level offset, firstPDCCHMonitoringOccasionOfPEI-O, from the start of the reference frame.
The figure below illustrates the steps.
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Figure 1.	PEI location determination
Once the PEI-O is identified, UE can monitor PEI. Within a PEI, UE checks -th bit to know if it needs to read paging message, where:
· : Subgroup index (assigned by CN or deterimed based on UE ID)
· K: Number of subgroups in each PO. K = , if configured, otherwise K = 1
· : The index of a PO among POs associated with the target PEI-O,  , where  is the number of POs associated with a PEI-O (i.e., POnumPerPEI in RRC configurations)
The bits in PEI for a subgroup is illustrated in the figure below.
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Figure 2.	Bit in PEI for a subgroup 
RAN1 specifications listed information for UE to monitor (PDCCH-based) PEI, but it doesn’t describe the procedure of PEI monitoring (though there is some implication). In RAN2 specification, we need to provide more details for PEI monitoring procedures. The following information may be included in TS 38.304:
· Definition of PEI occasion (PEI-O): According to RAN1 agreements, PEI-O is a set of PDCCH monitoring occasions, similar to PO.
	Agreement (RAN1#106bis-e)
A PEI occasion (PEI-O) is a set of S consecutive PDCCH monitoring occasions when nrofPDCCH-MonitoringOccasionPerSSB-InPO is not configured
· S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1
· The K-th PDCCH monitoring occasion for PEI in the PEI-O has the same QCL assumption as that of the K-th PDCCH monitoring occasion for paging in the PO.
· Note: QCL reference is SSB
Agreement (RAN1#107-e)
For unlicensed operation,
A PEI-O is a set of 'S*X ' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is the nrofPDCCH-MonitoringOccasionPerSSB-InPO if configured or is equal to 1 otherwise. The [x*S+K]th PDCCH monitoring occasion for PEI in the PEI-O corresponds to the Kth transmitted SSB, where x=0,1,…,X-1, K=1,2,…,S.
· If X > 1, when the UE detects a PEI within its PEI-O, the UE is not required to monitor the subsequent monitoring occasion(s) associated with the same PEI-O
Note: The QCL reference is SSB


· [bookmark: _Hlk92207308]Determination of PEI-O location: As illustrated in Figure 1
	Agreement (RAN1#107-e)
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
[bookmark: _Hlk92186267]o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.


· Definition of parameters related to PEI monitoring: As provided in RRC parameter list from RAN1 [2], including PONumPerPEI, subgroupsNumPerPO, firstPDCCH-MonitoringOccasionOfPEI-O, etc. Corresponding RAN1 agreements are copied below.
	· POnumPerPEI is a factor of   (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}
· The Maximum number of PF associated with one PEI is up to 2
· Total number of bits for paging indication filed is POnumPerPEI, if subgroupNumPerPO is absent or set to 0 or 1, and the number is (POnumPerPEI  subgroupNumPerPO), if 2 ≤ subgroupNumPerPO ≤ 8 is configured.
· There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.


Proposal 1:	In TS 38.304, we describe the procedure for PEI monitoring, including the following information: Definition of PEI occasion (PEI-O), determination of PEI-O location, and definitions of parameters related to PEI monitoring.
Co-existence of CN-assigned and UEID-based subgrouping
UE subgrouping can be assigned by CN or calculated by UE based on UEID, and the two methods may co-exist in a cell. In last meeting, RAN2 agreed that one subgroup indication refers to either CN controlled subgrouping or UE ID based subgrouping, i.e., the subgroup ID for CN controlled subgrouping and UE ID based subgrouping is not overlapping. However, RAN hasn’t decided how UEID-based subgroup index is determined if CN-assigned subgrouping is also supported in a cell (notice the “not overlapping” rule!). 
To allow paging indications for the two methods to share bits in the same PDCCH-based PEI, one simple method is to allocate the subgroup IDs to CN assigned subgroups first, and the remaining subgroup IDs are allocated to UEID-based subgroups. For example, if a gNB configures 8 subgroups per PO (subgroupNumPerPO = 8), and CN assigns 4 subgroups, subgroup IDs 0 to 3 are allocated to CN-assigned subgroups, and ID 4 to 7 are allocated to UEID-based subgroups. The figure below illustrates the example.
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Figure 3. Co-existence of CN-assigned and UEID-based subgrouping in a PEI
The UEID-based subgroup ID formula in TS 38.304 running CR [3] can be modified accordingly, i.e., by adding the number of CN-assigned subgroups as an offset.
	SubgroupID = floor(UE_ID/(N*Ns)) mod Nsg_UEID + Nsg_CN
where:
UE_ID: 5G-S-TMSI mod X, where X is 8192
Nsg-UEID: number of subgroups for UE_ID based subgrouping, which is broadcasted in system information
Nsg_CN: number of CN-assigned subgroups, which is broadcasted in system information


We have the following proposals.
Proposal 2:	To allow paging indications for the two subgrouping methods to share bits in the same PDCCH-based PEI, a gNB should allocate the subgroup IDs to CN assigned subgroups first, and the remaining subgroup IDs are allocated to UEID-based subgroups.
Proposal 3:	The number of CN-assigned subgroups is introduced in the UEID-based subgroup ID formula as an offset.
PEI monitoring after cell reselection
In LTE/NB-IoT, UE monitors wake-up signal (WUS) only in the last serving cell (the cell in which UE enters Idle/Inactive mode). In other words, UE will not monitor WUS after reselection to a different cell. In last meeting, it was proposed [4] that a similar rule should apply to PEI monitoring in NR. The main argument is about false paging alarm: When Paging message is transmitted in other cells in the same tacking area (e.g., during paging escalation when the mobile UE did not respond to the first paging attempt), non-paged stationary UEs receive Paging message for mobile UEs. When false paging alarm rate is high, PEI is mostly positive, which limit the power saving gain since non-paged UEs cannot skip PO monitoring via PEI.
Consider an example scenario with CellA and CellB: Initially, a mobile UEA camps on CellA, and a stationary UEB camps on CellB. Then UEA moves and reselects to CellB. We discuss the PEI and PO monitoring in different cases.
Case 1: PEI monitored in all cells, no paging subgrouping (or UEA and UEB belong to the same subgroup)
· When UEA is paged but UEB is not, the positive PEI leads to false paging alarm for UEB. PEI does not bring power saving benefit to stationary UEB.
· When both UEs are not paged, the negative PEI allows both UEs to skip PO monitoring.
[image: ]Figure 4. PEI and PO monitoring – Case 1
Case 2: PEI only monitored in last used cell 
· When UEA is paged but UEB is not, the PEI is negative since CellB is not the last used cell of UEA. This allows UEB to skip PO monitoring. UEA knows it has reselected to another cell, so it ignores the PEI and still monitors PO.
· When both UEs are not paged, the negative PEI allows UEB to skip PO monitoring, but UEA still monitors PO, i.e., PEI does not bring power saving benefit to UEA.
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Figure 5. PEI and PO monitoring – Case 2
Case 3: PEI in all cells, UEA and UEB belong to different paging subgroups 
· When UEA is paged but UEB is not, the PEI for UEA is positive and PEI for UEB is negative. This allows UEA to monitor PO and UEB to skip PO monitoring.
· When both UEs are not paged, both PEIs are negative, allowing both UEs to skip PO monitoring, i.e., PEI brings power saving benefit to both mobile and stationary UEs.
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Figure 6. PEI and PO monitoring – Case 3
We have the following observations from the above three cases:
Observation 1:	If PEI is monitored in all cells and there’s no subgrouping, PEI for mobile UE may cause false paging alarm to stationary UEs.
Observation 2:	If PEI is only monitored in last used cell, PEI does not bring power saving benefit to mobile UEs once they reselect to a different cell.
Observation 3:	If stationary UEs and mobile UEs are assigned to different subgroups, PEI can be monitored in all cells and bring power saving benefits to both kinds of UEs.
Unlike stationary NB-IOT devices, NR devices are mostly mobile. Even RedCap devices may be moving (e.g., smart watches). Limiting PEI monitoring to last serving cell will largely reduce overall power saving benefits. Therefore, we suggest that PEI be sent in all cells where corresponding Paging message is sent, and UE continues PEI monitoring after cell reselection. The false paging alarm problem can be resolved by proper UE paging subgrouping.
Proposal 4:	When configured, PEI is sent in all cells where corresponding paging message is sent, and UE continues PEI monitoring after cell reselection. The false paging alarm problem can be resolved by proper UE paging subgrouping.
Assistance information for CN subgroup assignment
UE or gNB may provide assistance information to CN for CN subgroup assignment. In last meeting, we had an offline discussion about UE assistance information [5]. The “power consumption sensitivity (PCS)” proposal gained a good support, but RAN2 didn’t conclude on this issue. Power sensitive UEs should be put into special (smaller) subgroups so as to reduce false paging alarm rate. While CN can do this based on subscription information (e.g., identify RedCap devices with limited power supply), it would be helpful if we allow UE to report its real-time PCS, e.g., when battery is low. For simplicity, a two-level indication (power sensitive or not) is sufficient.
Proposal 5:	Power consumption sensitivity (PCS) is introduced as the UE assistance information for the CN-assigned subgrouping. A two-level indication (power sensitive or not) is sufficient.
Assistance information from gNB to CN may include: 
· gNB telling CN about UE support of PEI with subgrouping, 
· gNB telling CN the number of subgroups it supports,
· gNB telling CN if a UE is mobile or stationary 
We already agreed to have separated UE capability for CN and UEID based subgrouping, also gNB is required to support at least as many subgroups as CN assigns. The differentiation between mobile and stationary may be based on subscription information (e.g., UE type), but gNB may evaluate UE’s mobility based on UE’s real time behaviour, and provide assistance information to CN, for CN to update UE’s subgrouping. We suggest that RAN2 discuss the use case of assistance information from gNB to CN, e.g., for CN to differentiate between mobile and stationary UEs. 
Proposal 6:	RAN2 discuss the use case of assistance information from gNB to CN, e.g., for CN to differentiate between mobile and stationary UEs.
Conclusion
This contribution discussed open issues for PEI and UE paging subgrouping.
We have the following observations:
Observation 1:	If PEI is monitored in all cells and there’s no subgrouping, PEI for mobile UE may cause false paging alarm to stationary UEs.
Observation 2:	If PEI is only monitored in last used cell, PEI does not bring power saving benefit to mobile UEs once they reselect to a different cell.
Observation 3:	If stationary UEs and mobile UEs are assigned to different subgroups, PEI can be monitored in all cells and bring power saving benefits to both kinds of UEs.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	In TS 38.304, we describe the procedure for PEI monitoring, including the following information: Definition of PEI occasion (PEI-O), determination of PEI-O location, and definitions of parameters related to PEI monitoring.
Proposal 2:	To allow paging indications for the two subgrouping methods to share bits in the same PDCCH-based PEI, a gNB should allocate the subgroup IDs to CN assigned subgroups first, and the remaining subgroup IDs are allocated to UEID-based subgroups.
Proposal 3:	The number of CN-assigned subgroups is introduced in the UEID-based subgroup ID formula as an offset.
Proposal 4:	When configured, PEI is sent in all cells where corresponding paging message is sent, and UE continues PEI monitoring after cell reselection. The false paging alarm problem can be resolved by proper UE paging subgrouping.
Proposal 5:	Power sensitive profile is introduced as the UE assistance information for the CN-assigned subgrouping. A two-level indication (power sensitive or not) is sufficient.
Proposal 6:	RAN2 discuss the use case of assistance information from gNB to CN, e.g., for CN to differentiate between mobile and stationary UEs.
Reference
[1] R1-2112936, Introduction of UE power savings enhancements in NR (38.213 running CR), Samsung, Nov. 2021
[2] R1-2112977, LS on updated Rel-17 LTE and NR higher-layers parameter list, RAN1, 
[3] R2-2111664, 38.304 Running CR for ePowSav, vivo, Nov. 2021
[4] R2-2110415, PEI monitoring in last used cell, Ericsson, Vodafone, Nov. 2021
[5] R2-2111535, Summary of [AT116-e][034][ePowSav] UE assistance for CN subgroups (CMCC)	CMCC, Nov. 2021
[6] RAN2#116-e chairman’s note, Nov. 2021
3

image1.png
@

PEI-F_offset

®

firstPDCCH-MonitoringOccasionOfPEI-O

UE_ID mod N
(PF interval) is
PO-0 PO-1 PO-2 PO-3
UE_ID mod N
(PF interval) (PF interval) is
ipo = N
PO-1 PO-2 PO-3 PO-0 PO-1 PO-2 PO-3




image2.png
*r—>
ipo (= 2) is¢ (=3)




image3.png




image4.png
d ro % @ %
% UEg Cellg % Ve Cellg
I o

Cell, 7 UE| po Cell, v UE,
UE, UE,

UE, is paged, UEg is not Both UE, and UE; are not paged




image5.png
Cell,

S 4

>

v

I
@ Cellg

UEA

UE, is paged, UE; is not

e

UE
% . @ Cell

Cell, - UEA

!

UE,
Both UE, and UEg are not paged




image6.png
% @ %
% b Cell, % Ve Cell,
(7 PEI(+) v l§;7lﬁﬁﬂﬂl

Cell, ' UE| po Cell, .
UE, UE,

UE, is paged, UEg is not Both UE, and UE; are not paged




