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Introduction
In this contribution paging enhancement to reduce the UE power consumption are discussed further. The aim is to reduce the power consumption due to false paging alarms, i.e. UE receives a Paging message on PDSCH, but the Paging message is not for that UE.
 The following two topics are discussed:
· Grouping method
· Grouping info in paging DCI
[bookmark: _Toc242573354]Background
RAN2#112-e
Proposals for paging enhancements [1] were discussed during offline #0907 [2]. RAN2 reached the following agreements:
Confirm that UE grouping is considered a candidate of paging enhancement for UE power saving
RAN2 have discussed and considered “paging indication for UE subgroups using paging DCI”, “paging early indication or wake-up signal (WUS) for UE subgroups”, “cross-slot scheduling of paging for UE subgroups”. 
RAN2 understands that RAN1 have started to evaluate performance and complexity. RAN2 assumes that RAN1 continues with this evaluation, in order that decisions can be made regarding the paging indication/scheduling solution. As R2 is the leading group for this WI objective it is expected that final decisions are made by R2. 
The solution of PRNTI based group discrimination is deprioritized from RAN2 perspective
The solution of “paging for UE subgroups using different time/frequency resources” is de-prioritized from RAN2 perspective.
RAN2 agreed to evaluate grouping further via paging DCI, PEI/WUS or cross-slot scheduling. RAN2 assumes that RAN1 continues evaluation of paging enhancement solution.  
RAN2 informed RAN1 about the agreements in LS [3]:
In RAN2#112-e, RAN2 discussed UE grouping for paging enhancement in Rel-17 UE power saving WI. RAN2 confirmed that UE grouping is considered as a candidate of paging enhancements for UE power saving. Regarding paging for UE subgroups, RAN2 has discussed and considered the following methods: 
· Paging indication for UE subgroups using paging DCI, with either same-slot or cross-slot scheduling;
· Paging early indication (PEI) / wake-up signal (WUS) for UE subgroups;
· UE subgroup indication by using multiple P-RNTIs;
· Paging for UE subgroups using different time/frequency resources.
From RAN2 perspective, the last two methods are de-prioritized. Notice that these methods are not mutually exclusive.
RAN2 also asked RAN1 in the LS to provide information feasibility and limitations of carrying subgroup information with their recommended solution (i.e. PEI). 
RAN2 also agreed to have an email discussion until RAN2#113-e the grouping method for paging:
[Post112-e][064][Pow17] Paging subgroup determination (Intel)
	Scope: For how to determine which paging subgroup a UE belongs to, several methods have been proposed, applying hash based on UE-ID similar to today, take into account paging probability, power consumption sensitivity etc. Objective to pave the way for agreements next meeting. Quantitative analysis argumentation is allowed (this is RAN2 scope). 
	Intended outcome: Report
	Deadline: Long
A draft summary of this email discussion can be found in [4].
Discussion
Grouping method
The following grouping methods were discussed in email #064:
1. UE ID 
2. Paging probability 
3. UE power consumption profile
4. Network assigned
5. CN/RAN paging differentiation
6. UE specific RNTI for stationary UE paging
7. Mobility indicator
8. Dedicated paging group for moving UE
Combination of grouping methods was also discussed. The highlighted methods are discussed further below.
UE_ID based grouping
Most companies agree that the UE ID based grouping can be used to reduce false paging alarms [4]. The UE_ID based approach is also used to distribute the UEs over the available POs for normal paging. Furthermore the UE_ID based grouping is a relatively simple method which does not require new signalling messages:
Proposal 1: UE ID based grouping can be used to reduced false paging alarms.
It needs to be specified exactly how the grouping is done:
Proposal 2: The UE belongs to group i_g when:
i_g = (UE_ID/N*Ns) mode Ng
With:
Ng: Total number of groups
i_g: group index ranging from 0 to Ng-1
N: number of total paging frames in T
Ns: number of paging occasions for a PF
Paging probability based grouping
It is our understanding that this grouping scheme aims towards fairness, i.e. the UEs in a group should cause false pages to each other in a fair way i.e. equal amount. This can be compared to a train with silent compartments, where people can enjoy the silence, or the main compartment where all the fun is. We do not think that this scheme further reduces the false alarm rate compared to grouping based on UE-ID, i.e. reduction in false alarm rate in first order depends on the number of groups that are used. 

This scheme only works (for fairness) when there are different groups with different paging probabilities in NR, and when the paging probabilities can be determined reliably for individual UEs. It is not clear that in NR there will be groups with significant paging probabilities. Furthermore we wonder if the paging probability of the UE may depend on the time of day, day of the week, i.e. whether the paging probability of the UE is constant over time. 

We think that the MTC/NB-IOT paging probability procedure is too complex/complicated and over-engineered for the small power saving gains it provides. We think it problematic to rely on the paging probability provided by the UE, i.e. everybody would like to ride first class for free. We also wonder if the grouping using paging probably should be per individual UE or per UE class/type (e.g. redcap, broadband, small data, etc)? In the event this approach is chosen, we think it should not be limited to grouping based on paging probability, but more general and controlled solely by the NW:
Proposal 3: Paging probability based grouping is not used.
CN/RAN paging differentiation
The proposal is to indicate in the DCI/short message/WUS, whether the scheduled paging message includes only RAN paging (i.e. it does not include any CN paging) or not. This enables the RRC IDLE UE to skip paging if its indicated that the paging only includes RAN paging.
We are not convinced that this is an efficient or effective way of grouping, i.e. the number of UEs in idle or inactive may vary in different cells and during the day. This method can be considered a grouping proposal with one group, and we think it is not an efficient use of a single bit:
Proposal 4: CN/RAN paging differentiation is not used.
Network assigned grouping
We have sympathy for this approach, because we think it is generic and flexible. But we have concerns for a RAN based assignment which may result in different grouping policies in different RAN nodes. A CN assigned grouping can potentially provide a consistent grouping policy:
Proposal 5: RAN2 to discuss CN assigned grouping further.
Mobility indicator
Companies commented that this method does not provide false paging reduction for the first paging attempt. This is a correct observation when the UE is paged in the last paged cell in the first paging attempt only and that the UE did not move. This assumption may not always hold, i.e. the UE is typically paged in all the cells for the gNB in the first attempt. And the UE might have moved since the last paging attempt. But it is a basically a correct observation that the method reduces false alarms due to mobility, i.e. when the UE does not respond to the first paging attempt. 
It is our view that mobility can have a very large impact on the false paging alarms, i.e. can potentially a huge number of false alarms because the complete registration area or RNA is paged, and that it then does not matter that this false alarm was not in the first paging attempt, i.e. that is not the point. 
It is noted that the network may also rapidly escalate the paging to the complete registration area (idle)  or RNA (inactive) in case the network wants to keep the paging latency short. We also would like to note that in case there is indeed a large number of false alarms due to paging, then a single codepoint (not event a bit) can prevent a lot of false alarms: 
Proposal 6: RAN2 to discuss the mobility indicator further.
Grouping info in paging DCI
Grouping info in paging DCI to reduce false alarms is only effective when the UE is able to avoid receiving the Paging message on PDSCH. In practice a UE implementation is only able to do that when the Paging PDSCH is scheduled with a K0 larger than zero. The UE needs time to receive and process the Paging PDCCH to determine it is needs to receive the following Paging PDSCH:
Observation 1: Group info in paging DCI can only prevent false alarms and save power when K0 > 0 for Paging message on PDSCH is scheduled, i.e. cross-slot scheduling is used.
In case the network decides not to configure/deploy PEI then the alternative is to indicate the grouping info in the Paging DCI. RAN2 also agreed that paging DCI is another method to evaluate further. 
To enable the network to use K0 > 0 for paging the network needs to know if the UE has IOT tested this feature. This topic is further discussed in [5] for REL-15. 
For the UE to avoid receiving the Paging message on PDSCH, the UE needs to know that the network will not use K0 = 0, i.e. in case the network may schedule the Paging PDSCH in the slot following the Paging PDCCH the UE cannot avoid receiving PDSCH in the following slots, because the UE needs some processing of the paging PDCCH to decide if the paging PDSCH needs to be received:
Observation 2: The UE cannot avoid receiving the paging PDSCH in the slot following the PDCCH when the network may use K0=0.
The network has to use K0=0 when a UE is paged that did not IOT test K0>0:
Observation 3: When the network uses K0>0, but the UE has not IOT tested K0>0, then this may cause IOT problems.
Thus to enable UE power saving with UE grouping info in paging DCI and avoid impact on legacy UEs the network has to use a dedicated paging occasion for K0>0 scheduling: 
Proposal 7: Network can configure a PO exclusively for UEs that support K0 > 0.
It also needs to be discussed how many groups there can be, and how the grouping info is signalled. Two groups only provide a limited power saving gain, and it is proposed to use at least 2 bits for grouping:
Proposal 8: At least 2 bits are used for UE_ID based grouping
RAN2 agreed to evaluate signalling group info in Paging DCI and PEI/WUS:
There are 5 un-used bits in the Short Message in Paging DCI (38.331): 
	Bit
	Short Message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3
	stopPagingMonitoring
This bit can be used for only operation with shared spectrum channel access and if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present.
If set to 1: indication that the UE may stop monitoring PDCCH occasion(s) for paging in this Paging Occasion as specified in TS 38.304 [20], clause 7.1.

	4 – 8
	Not used in this release of the specification, and shall be ignored by UE if received.


There are also 6-8 un-used bit in the Paging DCI format 1_0 scrambled with PRNTI (38.212):
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by P-RNTI:
-	Short Messages Indicator – 2 bits according to Table 7.3.1.2.1-1. 
-	Short Messages – 8 bits, according to Clause 6.5 of [9, TS38.331]. If only the scheduling information for Paging is carried, this bit field is reserved.

-	Frequency domain resource assignment – bits.  If only the short message is carried, this bit field is reserved.

-	 is the size of CORESET 0
-	Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]. If only the short message is carried, this bit field is reserved.
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5. If only the short message is carried, this bit field is reserved.
-	Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1. If only the short message is carried, this bit field is reserved.
-	TB scaling – 2 bits as defined in Clause 5.1.3.2 of [6, TS38.214]. If only the short message is carried, this bit field is reserved.
-	Reserved bits –  8 bits for operation in a cell with shared spectrum channel access; otherwise 6 bits
There are more un-used bits in the DCI format 1_0, and RAN2 should discuss if which un-used bits to use:
Proposal 9: RAN2 to discuss whether the un-used bits in Short Message or DCI format 1_0 scrambled with PRTNI is used.
RAN2 already asked in LS [3] about feasibility and limitations of carrying subgroup information with their recommended solution, i.e. RAN2 should not further discuss this. 
[bookmark: _Toc242573360]Summary
[bookmark: _Toc242573361]RAN2 is kindly asked to discuss paging enhancements: 
Proposal 1: UE ID based grouping can be used to reduced false paging alarms.
Proposal 2: The UE belongs to group i_g when:
i_g = (UE_ID/N*Ns) mode Ng
With:
Ng: Total number of groups
i_g: group index ranging from 0 to Ng-1
N: number of total paging frames in T
Ns: number of paging occasions for a PF
Proposal 3: Paging probability based grouping is not used.
Proposal 4: CN/RAN paging differentiation is not used.
Proposal 5: RAN2 to discuss CN assigned grouping further.
Proposal 6: RAN2 to discuss the mobility indicator further.
Observation 1: Group info in paging DCI can only prevent false alarms and save power when K0 > 0 for Paging message on PDSCH is scheduled, i.e. cross-slot scheduling is used.
Observation 2: The UE cannot avoid receiving the paging PDSCH in the slot following the PDCCH when the network may use K0=0.
Observation 3: When the network uses K0>0, but the UE has not IOT tested K0>0, then this may cause IOT problems.
[bookmark: _GoBack]Proposal 7: Network can configure a PO exclusively for UEs that support K0 > 0.
Proposal 8: At least 2 bits are used for UE_ID based grouping
Proposal 9: RAN2 to discuss whether the un-used bits in Short Message or DCI format 1_0 scrambled with PRTNI is used.
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