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1	Introduction
In parallel with NR UE PS WI work on RAN1 topics listed the WID, work continues also on other topics previously discussed in the SI [1], to refine conclusions and perform down-selection for RAN-84. 
In this paper, we discuss issues related to RRM measurements and propose topic prioritization for TR conclusions [2]. 

2	Discussion
2.1	Relaxation and reduction of measurements
The need for other-cell measurement is determined by serving cell status; those measurements are typically activated only when serving cell quality variations or reduction are observed. As the serving cell is monitored more often, the measurement reduction efforts may be viewed as directed primarily towards serving cell measurements. Currently, typical UE configuration by the NW is expected to be such that the UE should not wake up more often for measurements than it does for PDCCH monitoring according to its CDRX/DRX configuration (data scheduling in connected mode or paging in idle/inactive mode). Therefore, in practice, serving cell measurement reduction, e.g. sparser L1 sample collection, may not have a major UE PS benefit, especially if taken in the broader context of the UE operation. 
[bookmark: _Toc5130816]Reduction of L1 measurement sample collection to below the (C)DRX period does not necessarily reduce the frequency of UE wake-up.
The measurements are ultimately used by UEs to recognize the presence of new cells that may be better than the current serving cell, and to trigger measurement and reporting procedures according to configurations by the NW. As in Rel-15, sample collection at the UE is to a large extent up to UE implementation, and findings in the SI/WI may be used by UEs to optimize such implementations for the purpose of PS. However, if any changes with spec impact are considered, these must be transparent to mobility performance requirements agreed by RAN4 in Rel-15. Results presented e.g. in [2] suggest that relaxed measurements e.g. based on SSB have a notable negative impact on measurement quality that would affect perceived mobility performance and robustness. In order to maintain NR system robustness, any changes to UE behavior resulting from the SI/WI should not affect the existing cell detection requirements. 
Any configuration changes must furthermore be under the control of the NW.
[bookmark: _Toc5130820]Changes to UE measurement behavior for UE PS purposes that are not fully transparent to the NW must be under NW control and must not lead to degrading cell detection and mobility performance compared to RAN4 requirements defined in Rel-15.
Numerous types of measurement relaxation and reduction were proposed in the RAN1 SI phase. Main classes of improvement being discussed are targeting shorter and less frequent measurement durations and collecting fewer L1 samples per measurement, as well as reduction of the set of cells to be measured. The RAN2 SI phase is not discussing these topics. Since RRM measurement procedures are captured in RAN2 specifications, RAN2 should in continuation have the responsibility   for defining and specifying any Rel-16 improvements. 
[bookmark: _Toc5130821]Further discussion on measurement relaxation topic is not needed in RAN1. These can be considered in RAN2/RAN4 if needed.

2.2	Assistance info and RRM measurement configuration control
Out of the assistance types listed in the agreements, the SI should prioritize use of mobility state info available at the UE, as this is critical for robust measurement configuration switching and may not be available for the NW to estimate with same fidelity. Other info, e.g. HO history, is preferably discussed e.g. in the context of the MDT SI. The main criteria for mode switching should be the mobility state (estimated via RSRP variation or time in cell/beam) and serving cell/beam RSRP. One robust approach for such switching is that NW provides multiple configurations via RRC and fast switching commands via MAC CE. Such an approach can address many use cases.
For NW-controlled features that utilize UE assistance info, it is acceptable to use NW-controlled adaptive configuration of RRM procedures if it can be ensured that the UE estimates and signals its mobility information and channel conditions in a robust and reliable manner. UE-autonomous configuration adaptation based on NW-controlled thresholds is acceptable if the NW can trust that the thresholds are applied in a predictable manner and that UE-NW configuration assumption misalignment is unlikely. RAN4 should determine the required estimation quality to ensure robust configuration selection.
Numerous types of measurement relaxation and reduction were proposed in the SI. Main classes of improvements being discussed were targeting shorter and less frequent measurement durations and collecting fewer L1 samples per measurement. Since UE assistance info provision is defined in RAN2 specifications, and the required estimation reliability/quality can be governed by RAN4, these two WGs should be in charge of UE assistance topics inf the WI.
[bookmark: _Toc5130822]UE assistance information topics can be discussed in RAN2/RAN4 if needed.
Useful RAN1-related assistance may be provided by the NW. UE energy consumption during candidate cell measurements is the timing and frequency alignment uncertainty of the unknown cells. Generally, during open-ended search for new cells, a UE performs PSS search over the full worst-case T/F uncertainty range, in relation to the serving cell, which may result in an extended observation window and a large number of T/F-shifted PSS hypotheses to test. This load may be reduced if the UE obtains assistance information from the NW regarding the maximal T/F misalignment expected in the NW.
The timing uncertainty typically consists of the inter-gNB or inter-TRP timing tolerance and propagation path differences. The timing error for TDD synchronized cells may be assumed to be limited to 3 us in TDD deployments. The propagation contribution is 0.3 us per 100 m path length difference. Relating this to the CP length, 4.7/2n us @ 15*2n kHz SCS, UEs at 30 kHz SCS and higher typically are not guaranteed to find symbol-aligned cells at precisely the serving cell timing but need to perform a PSS search according to robust assumptions, which is more energy consuming. When a NW can provide more accurate range constraints, e.g. when the inter-TRP timing is more accurate and the ISD is short, the UE can reduce or eliminate the PSS search effort. 
Consider one scenario where the UE has no timing constraints info and is provided a 5 ms SMTC window for intra-frequency measurements at 30 kHz TDD numerology. The UE then may assume a 3 us (cell misalignment) + 3 us (up to 1 km ISD) maximum offset and will perform cell search for new cells over the 12 us timing range (~48 hypotheses if targeting 10% CP tolerance) at all (e.g. 20) SSB locations in the 5 ms window. In another scenario, if the UE obtains the knowledge that the maximum offset is 0.125 us (tightly synched indoors system), a single hypothesis per SSB location is sufficient, amounting to immediate SSS+DMRS measurement. According to analysis [4], omitting open-ended PSS search and performing SSS- and DMRS-based measurements at fixed symbol locations provides approximately 27% UE PS during RRM measurements. When the maximal misalignment info provided by the NW is accurate, system performance is not impacted by such UE optimization. 
[bookmark: _Toc5130823]NW may provide assistance info to UEs regarding maximal inter-cell T/F misalignment the UE should assume in the current deployment.

2.3	Additional signals for RRM measurements
During the RAN1 SI phase, numerous suggestions for additional RS arrangements to aid RRM measurements were presented, e.g. to ostensibly improve per-L1 measurement quality, reduce the number of L1 sample acquisition rate, or reduce the need for early wake-up and light-sleep operation in preparation to measurement or signaling monitoring. An observation from the SI was that such proposals were characterized by either static signaling overhead and reduction of the lean transmission principle of NR, including NW energy efficiency degradation, or a signaling overhead that scales with the number of users and may become significant at higher loads. During the Si phase, the individual proposals were backed by single companies and no broad UE savings consensus could be established. Furthermore, no reliable NW impact simulations were presented. 
[bookmark: _Toc5130817]Additional RSs introduce static Resource Utilization overhead, have a strong adverse NW Energy Efficiency impact, and/or have NW load impact that scales with the number of users in the NW.
[bookmark: _Toc5130818]TR does not indicate reliable benefits from additional RS for RRM measurements.
Due to the above drawbacks, and due to limited PS gains, additional RS aimed at avoiding early wake-up should not be standardized. 
[bookmark: _Toc5130824]Additional RS before measurement or paging occasion are not supported.


2.4	SFN paging
SFN operation of paging has been proposed in order to reduce the RRM measurement load for UEs in idle mode, replacing beam swept measurement signals with a single-beam signal. This presupposes setting up an alternative signalling framework for paging, and for RS for related measurements, that is decoupled from cell-defining SSBs. The “SFN cells” to monitor and reselect between are groups of NR cells that make up an RNA, and the paging and related RS in those groups are sent in SFN manner. It is argued that by avoiding beam-based SSB handling, the UE can operate in a single-antenna, or single-beam mode, and reduce the RF-on time for RRM measurements and paging monitoring.
A critical obstacle to SFN operation in NR deployments is that it presupposes accurate absolute timing synchronization between nodes in the NW – misalignment should not exceed a fraction of the CP in the OFDM symbol in a given numerology. Current system assumption for inter-node time alignment is 3 us, which is roughly 2/3 of the CP at 15 kHz SCS. Additionally, propagation distance differences (3 us/km) and physical channel dispersion cause further inter-node signal misalignment at a UE location. The resulting ISI then easily becomes a problem even for 15 or 30 kHz, and more so at higher numerologies -- e.g. the CP length @ 120 kHz is 600 ns. For SFN operation to provide gains in FR2 operation where the large number of beams is the problem to mitigate, the alignment would have to be at the level of 100 ns for the 120 kHz numerology. (Note that this is different from e.g. MBSFN feature in LTE where the extended CP @ 15 kHz SCS mitigates the effective dispersion.)
If the CP-level alignment is not maintained, the link budget and SNR gains from SFN operation rapidly turn into losses. 15+ dB link quality gain is presupposed for mid-group users, and 7-8 dB for SFN group-edge user. These large gains may be based on the assumption that neighbor-cell signals contribute essentially no ISI but are fully constructively combined to received signal energy. With practical misalignment beyond a CP, such large gains are not feasible. A more conservative SFN gain, on the other hand, is unlikely to provide a “single-beam” SFN transmission with the required link budget. The SFN gain would have to replace the beamforming gain (e.g. 9 dB for 8 beams); when extending to FR2, the beam gains to be compensated would be even higher. For comparison, a practical SFN gain observed in LTE is in the vicinity of 4 dB.
[bookmark: _Toc5130819]Achieving SFN gains to replace beamforming gains is not feasible without a major NW redesign and replacing gNB HW.
Other important system impacts are the need to duplicate SSB (or related RS) transmission to support the RNA monitoring, in addition to the cell-defining SSB setup, i.e. transmitting extra signals.  This proposed paging framework is also not compatible with Rel-15, as the SFN paging would not be QCL with cell-defining SSB. Paging may then have to be duplicated to be compatible with Rel-15 UEs, or Rel-15 and Rel-16+ paging would need to be separated in CN and coordinated with RAN, introducing additional dependencies. Furthermore, the proposed scheme does not provide conventional cell measurements, so when paged, the UE incurs additional delay for SSB detection for cell search and PRACH TX. 
Since the required high-accuracy inter-gNB synchronization is not feasible in typical NR deployments, as well as due to other NW and UE impacts, SFN operation is not a practical way for paging-related UE PS optimization.
[bookmark: _Toc528872974][bookmark: _Toc5130825]SFN transmission of paging and related additional RS are not supported.


Conclusion
The following observations and proposals are made in this paper: 
Observation 1	Reduction of L1 measurement sample collection to below the (C)DRX period does not necessarily reduce the frequency of UE wake-up.
Observation 2	Additional RSs introduce static Resource Utilization overhead, have a strong adverse NW Energy Efficiency impact, and/or have NW load impact that scales with the number of users in the NW.
Observation 3	TR does not indicate reliable benefits from additional RS for RRM measurements.
Observation 4	Achieving SFN gains to replace beamforming gains is not feasible without a major NW redesign and replacing gNB HW.

Proposal 1	Changes to UE measurement behavior for UE PS purposes that are not fully transparent to the NW must be under NW control and must not lead to degrading cell detection and mobility performance compared to RAN4 requirements defined in Rel-15.
Proposal 2	Further discussion on measurement relaxation topic is not needed in RAN1. These can be considered in RAN2/RAN4 if needed.
Proposal 3	UE assistance information topics can be discussed in RAN2/RAN4 if needed.
Proposal 4	NW may provide assistance info to UEs regarding maximal inter-cell T/F misalignment the UE should assume in the current deployment.
Proposal 5	Additional RS before measurement or paging occasion are not supported.
Proposal 6	SFN transmission of paging and related additional RS are not supported.


[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref523917687]RP-181463, “New SID: Study on UE Power Saving in NR”, CATT, CMCC, vivo, CATR, Qualcomm, MediaTek, 3GPP TSG RAN Meeting #80
TR 38.840, “Technical report -- NR UE Power Saving SI”
[bookmark: _Ref521689248][bookmark: _Ref513803471]Chairman notes, RAN1 #96, Athens.
R1-1901173, “Modeling of UE energy consumption during PSS search”, Ericsson, 3GPP RAN1 Meeting #AH1901, Taipei
R1-1902939, “High-level UE energy consumption modeling”, Ericsson, RAN1 #96, Athens




	4/4	
