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1	Introduction

In the SID [1], the objectives and main prioritized areas of the NR UE power saving SI have been listed: 

The objective is to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact.  The objective of the UE power saving study includes the following:

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  


In this paper, in order to facilitate early agreements and sufficient attention on the NW impact aspect mentioned in the SID, we discuss in more details the potential impact of UE power saving features on NW performance and how those should be addressed in the SI.
[bookmark: _Ref178064866]2	Discussion
2.1 	UE power consumption and NW-related metrics
Many UE energy consumption challenges identified in the SI preparation phase are the result of considering NW performance and settling at certain trade-offs between UE PS and e.g.  NW signalling and configuration load in Rel-15. As reflected in the SID, these trade-offs are not always the preferred ones from the UE energy efficiency viewpoint. 
Our clear opinion is that, as in most contexts, also in the UE PS area there is no free lunch to be had. As an example, one major goal of the UE PS work is to generally increase the time that the UE can spend in DRX/DTX states or avoid monitoring certain signals. Some measures that can facilitate that goal include e.g. extending DRX cycles, introducing additional configuration mechanisms, or transmitting additional signals from the NW.  But from the NW impact viewpoint, these changes lead to increased latency, additional physical signal transmission, or reduced data capacity due to more control signalling.
Another impact on the NW is a potential increase in NW energy consumption: The impact of additional signalling and its time pattern needs to be analysed w.r.t. its NW energy consumption influence. Further examples of NW-related metrics and KPIs that may be affected by UE PS measures include RX sensitivity and link budget, time budget for processing and scheduling signals in the NW, data and control signal scheduling flexibility, NW access latency, paging latency, and NW configuration degrees of freedom.
[bookmark: _Toc525943541]Introduction of UE power saving features will affect NW capacity, latency, HW complexity, and other metrics
The aim and a success criterion for the SI/WI is therefore to produce technical solutions with positive UE PS impact while limiting the adverse NW impact to acceptable levels.
[bookmark: _Toc525931373]RAN1 should consider only UE PS features without excessive NW impact and prioritize the study of candidate features accordingly 
[bookmark: _Toc525931374]RAN1 should document the trade-offs between reduced UE energy consumption and resulting NW-related metric degradation

2.2	Avoiding undue NW impact
For different potential solution areas, it is possible to outline likely NW impact factors. We will in the following highlight aspects that should be considered for possible solution proposals for UE PS.
In paging, idle/inactive UEs monitor the PDCCH for the presence of paging DCI during on-periods of their paging DRX cycle. For Rel-15 UEs, paging configuration is a trade-off between how often the UE needs to exit the deep sleep state and the ability to quickly alert the UE for DL data reception. Possible improvement features include e.g. a wake-up signal to bring the UE out of deep sleep during the DRX off period. However, the WUS transmission load should be kept low – a WUS that can be received under relaxed synchronization, with ultra-low complexity and power consuming receivers, and perhaps relaxed noise figure, may also lead to low spectrum efficiency of WUS, and thus require more resources. Depending on how good synchronization the UE should be able to achieve from a potential wake-up signal (WUS, if introduced) the spectrum efficiency of WUS might be quite low (requires many resources). Other DRX cycle modifications, e.g. adaptive off-time extension, should also be analyzed for their latency impact. 
[bookmark: _Toc525931375]In paging, the paging delay should not be significantly increased and additional signalling load due to e.g. WUS transmission should be low.
Mobility management using RRM measurements is also an area that can cause significant energy consumption at the UE. Energy savings may be available e.g. by relaxing measurement schedules and/or reducing sets of cells or beams on which the measurements are performed. However, this may lead to radio link robustness problems, e.g. RLF of the serving link if a handover is not performed in time, as well as link quality degradation and user and cell throughput reduction if the UE is often connected to a suboptimal serving radio node.
[bookmark: _Toc525931376]In RRM measurement-related features, mobility robustness (e.g. RLF probability) should not be affected and NW performance degradation due to suboptimal serving cell selection should be low.
PDCCH monitoring by UEs in RRC_CONNECTED mode is a major contributor to energy consumption in LTE and NR UEs. Proposals for making this operation more efficient include dynamic C-DRX configuration and additional signals like WUS to allow extended low-power states and GTS to avoid UEs waking up unnecessarily. However, these measures may increase the actual delay until a PDSCH may be transmitted, and transmitting any additional signals will reduce the usable capacity of the NW.  
[bookmark: _Toc525931377]In RRC_CONNECTED data transmission, PDSCH delay increase should be negligible and additional signalling load due to e.g. WUS or GTS signals should be low.
Introduction of mandatory multi-antenna support significantly increases UE power and energy consumption since multiple RF front ends need to be powered, and baseband processing complexity and computational load increases. It has been suggested to study the use of only a subset of its available antenna chains in some situations. The resulting performance and robustness implications must be carefully studied. 
[bookmark: _Toc525931378]In multi-antenna transmission, link and system performance should not be significantly degraded due to suboptimal antenna port or beam selection.
Some proposed PS features propose e.g. introducing new associations between different signal parameters and constraints in currently available configuration degrees of freedom, as well as constraints in utilizing the BW and carrier adaptation mechanisms. It is essential for the success of NR in a wide range of deployments that the existing scheduling and frequency flexibility is not compromised by UE PS features.
[bookmark: _Toc525931379]Impact of UE PS improvements on scheduling flexibility (within a CC and inter-CC) must be carefully considered and should be low. 
If new signals are introduced to facilitate UE PS, they unavoidably affect the rest of NW operation. Transmission of any additional signals removes a fraction of cell resources otherwise available for data transmission; this is particularly relevant in high load scenarios. In contrast, in low-load situations, additional signals may affect the sparseness of signal transmission patterns. One of the objectives of NR has been lean transmission, enabling significant NW-side energy savings and interference reduction. Therefore, introduction of new signals that reduce opportunities for invoking low-power states in gNBs must be avoided. Finally, any new signals should not create co-existence difficulties with RATs that are commonly operated in spectrum-sharing modes with NR.  
[bookmark: _Toc525931380]New signals such as WUS or GTS should have acceptable impact on resource and NW energy consumption.
[bookmark: _Toc525931381]New signals such as WUS or GTS should be able to coexist with NB-IOT and LTE-M if deployed within the same carrier.
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Introduction of UE power saving features will affect NW capacity, latency, HW complexity, and other metrics

Proposal 1	RAN1 should consider only UE PS features without excessive NW impact and prioritize the study of candidate features accordingly
Proposal 2	RAN1 should document the trade-offs between reduced UE energy consumption and resulting NW-related metric degradation
Proposal 3	In paging, the paging delay should not be significantly increased and additional signalling load due to e.g. WUS transmission should be low.
Proposal 4	In RRM measurement-related features, mobility robustness (e.g. RLF probability) should not be affected and NW performance degradation due to suboptimal serving cell selection should be low.
Proposal 5	In RRC_CONNECTED data transmission, PDSCH delay increase should be negligible and additional signalling load due to e.g. WUS or GTS signals should be low.
Proposal 6	In multi-antenna transmission, link and system performance should not be significantly degraded due to suboptimal antenna port or beam selection.
Proposal 7	Impact of UE PS improvements on scheduling flexibility (within a CC and inter-CC) must be carefully considered and should be low.
Proposal 8	New signals such as WUS or GTS should have acceptable impact on resource and NW energy consumption.
Proposal 9	New signals such as WUS or GTS should be able to coexist with NB-IOT and LTE-M if deployed within the same carrier.
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