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1. Introduction
[bookmark: Proposal_Pattern_Length]At RAN plenary #86 the Work Item on UE power saving enhancement was agreed [1]. The objectives in the WID are the following;

	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 #100 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






At RAN2#112e-meeting [5], the following agreements were made;
	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. 
Will send an LS to R1 (action to be discussed offline).
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.





At RAN2#113e- meeting [6], the following agreements were made;
	There is support to have UE ID based enhancement
There is still significant interest to have other additional methods (but also some concerns). The approach to have a single mechanism that can take several aspects into account can be a way forward. There are still questions on the details, e.g. whether CN or RAN would provide a parameter. 




In this contribution, we use our analysis and evaluation in our RAN1 energy analysis contribution [2] and discuss which scheme among the potential paging enhancement scheme for UE sub-grouping leads to a higher power saving. 
We also discuss other impact such as system overhead and/or backward compatibility with legacy UE.

1. Discussion
During IDLE/INACTIVE mode, an NR UE needs to monitor the channel for potential paging and also performs measurement and check the signal strength of the serving cell and if necessary, neighbor cells for cell re-selection.
When monitoring for paging the UE needs to first monitor the PO for a paging DCI, i.e., a DCI with its CRC scrambled with P_RNTI. If a paging DCI is detected, the UE continues to the second step where the UE decodes the PDSCH for its TMSI (5G-S-TMSI). Details of the frequency and time resource allocation of PDSCH are provided in the paging DCI. The UE knows whether it is paged or not only after it successfully decodes PDSCH (paging message). Both idle-channel monitoring and paging-DCI overhearing lead to extra costs at the UE. Since the UE needs to be fully synchronized to be able to decode paging DCI and paging message, these additional costs can become significant for instance for scenarios where there is not in a very good coverage. The total extra cost depends on the paging probability and how PO/DRX of UEs with different paging probability are configured.
As it is shown in our RAN1 energy analysis [2], the cost of transition from/to deep sleep and synchronization necessary for paging DCI and paging message is about 50% - 60% of the total average power consumption in one DRX cycle. 
Observation 1 - The cost of transition from/to deep sleep and synchronization necessary for paging DCI and paging message is about 50% - 60% of the total average power consumption in one DRX cycle.
Since these costs are the dominant sources of energy waste, the paging enhancement solutions need to support the UE so that the UE can avoid entering these two states, i.e. transition from/to deep sleep and synchronization states, when there is no paging for target UE. 
Proposal 1 - Paging enhancement schemes should avoid UE unnecessarily entering these two states, i.e. transition from/to deep sleep and synchronization states, when there is no paging for the target UE.
The following solutions primarily were proposed by RAN1 as candidate paging enhancement solutions to reduce idle PO listening and overhearing costs: 
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
· Sub-grouping for paging, based on 
· Legacy paging DCI
· Paging early indication 
· Additional reception occasions in time/frequency domain
· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH

Among the candidate solutions, listed above, the following UE subgrouping schemes were agreed, in RAN2#112e-meeting [5] for further investigation:
· paging early indication for UE subgroup
· paging indication for UE subgroup using paging DCI,
· cross-slot scheduling for UE subgroup,
while the other candidate solutions, i.e., using additional reception occasion in time/frequency domain for UE subgrouping and P-PNTI based subgroup discrimination were deprioritized. 

UE subgrouping schemes
Below we discuss the three UE subgrouping schemes in further detail based on our earlier discussion and power saving analysis in [2] and [RAN1-FL]. 

Paging early indication (PEI) for UE subgroup   
Paging early indication before paging occasion is supported from RAN1 perspective and details of its physical layer design based on DCI/PDCCH, Secondary synchronization signal SSS (sequence-based) or TRS/CSI-RS (RS-based) is FFS. As it is shown in [4] the amount of power saving gain for this approach largely depends on its signal design and its placement with respect to PO and SSB. In a DCI/PDCCH-based PEI, however, similar to paging DCI, UE needs to be synchronized to the network prior to its decoding. This results in a very limited or no power saving gain compared to when no PEI is used. By using a sequence-based PEI design, having similar characteristics as SSS, the UE does not need to do any synchronization prior to its PEI detection. The UE proceeds to read SSB and PO only if the SSS-based PEI is detected. This basically means that the SSS-based PEI scheme fulfills the condition in proposal one, resulting in higher power saving gain compared to a DCI-based solution. 
By including subgrouping in PEI using different sequences for different subgroups we can further reduce the overhearing cost. In order to allow paging of different UE subgroups at the same time the sequences need to be time and/or frequency multiplexed. Furthermore, a common sequence known to all UEs can be used when all UEs need to be paged at the same time, e.g. for notification of SI change and ETWS indication.
For our studied scenarios of paging rate of 10% and 60% and assuming a SSS-based signal design [2] we achieve a UE power saving gain between 7% to 25% when PEI is used only for wake-up. When we include sub-grouping in paging early indication, we can further increase the power saving gain by 5% resulting in power saving gain of 12% to 30%. Through sub-grouping the paging rate per PO for each sub-group is reduced from 10% and 60% to 4.5% and 18%, respectively. 
Observation 2 – Sequenced-based early paging indication and sub-grouping fulfils the conditions in proposal 1: that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for target UE. 
Paging indication for UE subgroup using paging DCI 
This approach is a combined approach. The SSS-based PEI carries only one-bit information and is used for wake-up. The reserved bits in legacy paging DCI are instead used for UE sub-grouping. In this approach the amount of power saving gain is very similar to the previous approach when paging rate per PO is low. However, this approach has a worse power saving gain compared to the previous scheme when the paging rate per PO increases. This is since a UE only after synchronization and decoding of subgrouping paging DCI can decide whether its subgroup is paged. This basically means with this approach the conditions of proposal one cannot be fulfilled when paging rates is high. For example, for a 10% paging rate per PO, we achieve 12% to 27% power saving gain for the two approaches. Increasing the paging rate to 60% the amount of power saving gain for UE subgrouping is limited to 2-3%, up to 13% lower than using PEI for subgrouping.
Observation 3 – The amount of power saving gain for high paging rate per PO is much higher when UE grouping is carried in a sequence-based early paging indicator than when UE sub-grouping is done using paging DCI.
Cross-slot scheduling for UE subgroup 
In this scheme, the UE needs to be fully synchronized with the network to be able to decode the paging DCI and decide whether there is a paging DCI for its target subgroup. This makes entering synchronization states as well as transition to/from deep sleep unavoidable. Consequently, the power saving gain of this scheme compared to the same slot-scheduling becomes limited as it cannot fulfill the conditions in proposal one. An additional important disadvantage is that this approach is not backward compatible.
Observation 4 – The amount of power saving gain resulting from cross-slot scheduling is very limited.
Conclusion UE subgrouping schemes 
From the discussion above we conclude that paging early indication is the best candidate to reduce both idle paging and false paging (or overhearing) cost as we can achieve the highest power saving gain. Additionally, this approach has no influence on paging processing for legacy NR UEs. However, different sequences need to be transmitted to page different UE subgroups which can introduce scheduling overhead for the network. 

Proposal 2 – Use SSS-based paging early indication for UE subgrouping and as paging enhancement scheme to reduce unnecessary paging reception at the UE. 
Grouping Methods
When UE grouping is applied, we need to find methods for subgrouping the UEs. This is addressed in [Post111-e][907][ePowSav] email discussion. As it is also stated in the email discussion One prior example of UE-group paging is the Group Wake Up Signal (GWUS) introduced in Rel-16  for MTC/NB-IoT devices, where a UE selects one WUS group based on its UE paging probability information and /or its UE NAS identity (UE ID). In our view UE sub-grouping based on UE ID can be used as baseline and other methods can be further studied. 

Related to email discussion [3] the following concluding proposals were made by the rapporteur:

	Proposal 1: RAN2 considers grouping based on UE-ID for subgrouping. FFS on the details (e.g. how the subgrouping is determined based on the UE-ID, e.g. as in [8])
Proposal 2: RAN2 to decide which (if any) of the other schemes should be considered further. While there was no consensus on the gain for the other schemes, the following schemes has most number of companies that saw some benefit:
· (2) Paging probability-based grouping
· (6) CN/RAN paging differentiation




Proposal 3: We support the proposals for UE grouping methods with UE-ID as a baseline, with additional methods of using Paging probability.

1. Conclusion
In this contribution, the following observations proposals are made;

Observation 1 - The cost of transition from/to deep sleep and synchronization necessary for paging DCI and paging message is about 50% - 60% of the total average power consumption in one DRX cycle.
Observation 2 – Sequenced-based early paging indication and sub-grouping fulfils the conditions in proposal 1: that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for target UE. 
Observation 3 – The amount of power saving gain for high paging rate per PO is much higher when UE grouping is carried in a sequence-based early paging indicator than when UE sub-grouping is done using paging DCI.
Observation 4 – The amount of power saving gain resulting from cross-slot scheduling is very limited.

Proposal 1 - Paging enhancement schemes should avoid UE unnecessarily entering these two states, i.e. transition from/to deep sleep and synchronization states, when there is no paging for the target UE
Proposal 2 – Use SSS-based paging early indication for UE subgrouping and as paging enhancement scheme to reduce unnecessary paging reception at the UE. 
Proposal 3: We support the proposals for UE grouping methods with UE-ID as a baseline, with additional methods of using Paging probability
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