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Introduction
[bookmark: _Hlk510705081]In [1] it was agreed to initiate a “Study on UE Power Saving in NR”. In 3GPP RAN1 #94bis proposals for the UE power consumption evaluation methodology were aligned and summarized in [2], while the proposed power consumption model is given in [4]. The summary includes deployment scenarios, use cases, evaluation methodology & metrics, traffic models, and assumptions on link and system level simulations.
In this contribution we provide our observations and proposals to the summary in [2] and the power model in [4].
Discussion
The discussion follows the structure of [2].
Deployment scenarios and use cases
In [2] the dense urban deployment scenario, with single layer, was proposed to be used for the evaluations. We agree with this, but observe that details for RRM measurements, in terms of inter-frequency, and potentially an additional small cell layer (defined in the dense urban scenario of [5]), are not defined. Since power savings for RRM measurements are a key objective of the study item [1] we propose at least two inter-frequency layers are specified for evaluations. This assumption could be then used for IDLE mode evalutions as well, if needed.
Proposal 1: Add at least two frequency layers for inter-frequency measuremenents modelling
For FR1 it has been agreed to assume SMTC periodicity of 20ms (for synchronised scenario), but it has not been discussed what SMTC window duration to adopt. As the baseline assumption is using 30kHz SCS, it seems sufficient to consider SMTC window durations of 2ms or 3ms.
Proposal 2: Assume SMTC window duration of 2ms or 3ms for synchronised FR1 scenario.
[bookmark: _GoBack]In case of asynchronous deployment, it is not possible for the network to provide SMTC configuration with longer periodicity than 5ms or other window duration than 5ms. Correspondingly the SSB periodicity would need to be 5ms.
Observation 1: For FR1 asynchronous deployment evaluation the SMTC periodicity and window duration of 5ms would need to be assumed, together with SSB periodicity of 5ms.
For FR2, same assumptions as for FR1 synchronous scenario could be used for SSB and SMTC periodicity, but the window duration should be extended to consider larger number of SSBs. Thus, SMTC window duration of 5ms could be considered.
Proposal 3: Assume SMTC window duration of 5ms for FR2 scenario.
The deployment scenario is defined to be at least TDD-based in [2]. However, the slot format, i.e. number of downlink, uplink, and flexible symbols within a slot, are not specified. We therefore propose that the applied TDD format must be specified when providing evaluation results. The slot format is given in table 11.1.1-1 of [3], and we propose to apply a DL heavy (e.g. format 46), UL heavy (e.g. format 47) and balanced formats (e.g. format 45). 
Proposal 4: The selected TDD slot format must be specified when providing evaluation results. E.g. a DL heavy (e.g. format 46), UL heavy (e.g. format 47) and balanced formats (e.g. format 45).
In [2] three C-DRX and one I-DRX configurations were proposed. The configurations are meaningful, but the RRC release timer, which will make the network move the UE from RRC_Connected to RRC_Idle (or RRC_Inactive) is not specified. The duration of this timer impacts the overall UE power consumption, because the UE will remain in a high-power connected state even though data is not transferred. Typical values for the RRC release timer in LTE are 5-10 s. However, we propose to set the RRC release timer to infinity to ensure that C-DRX and I-DRX cases are treated separately. 
Proposal 5: Set the RRC release timer for evaluation of DRX scenarios to infinity to ensure C-DRX and I-DRX cases are treated separately.
During RAN1#94-bis there were discussions on whether the study shall only focus on DL. We propose equal priority for the evaluations, as some of the proposed traffic models in [2], e.g. VoIP and gaming will rely (almost) equally on DL and UL. Furthermore, the UL transmissions consume a considerable amount of energy as compared to DL, e.g. 700 units at 23 dBm versus 300 units for PDCHH+PDSCH [4], and therefore the UL is important to include, to understand the overall power saving potential (and the Days of Use as also listed in [2]).
Proposal 6: The focus of the study shall have equal priority on DL and UL.
During the RAN1#94bis, the power consumption assumption for CSI-RS processing was agreed. This was mainly focused on TRS. In NR deployments UE can be configured with CSI-RS resources for different purposes. Like discussed in last meeting, UE is always assumed to be configured with TRS (CSI-RS set with ‘trs-info’), but in addition UE can be configured with CSI-RS for beam management, CSI acquisition, RLM-RS monitoring and mobility. Thus, in order to reflect realistic behaviour, it should be agreed which other CSI-RS are present and for which purpose, together with the configuration, resources and reporting, needed for the power consumption modelling.
Observation 2: There would be need for agreement on the CSI-RS configuration(s) applied for power consumption analysis, and the related reporting configuration(s).
To keep the power consumption analysis simple it is proposed to assume that UE is provided with CSI-RS configuration that occurs in one slot in every 20ms (e.g. 40 slots), and this would cover, both TRS related processing and beam management related processing on DL for FR1. This configuration would be assumed to be inline with the C-DRX onDuration configuration, at least for beam reporting (as UE is not required to do beam measurements outside the onDuration). This is based on the assumption that complexity and power consumption of TRS processing and L1-RSRP measurement are not too different. Correspondingly, for beam management, reports would need to be provided. For simplicity, either periodic PUCCH based reporting or PUCCH/PUSCH at 20ms periodicity.
Proposal 7: To account for the TRS and beam management related CSI-RS processing in power consumption modelling, CSI-RS on one slot per 20ms is assumed combined with (periodic) PUCCH or PUSCH based reporting (at 20ms).
For CSI acquisition, RML-RS and mobility CSI-RS, some further discussion for the power modelling would be needed. CSI acquisition related processing can be considered to be more complex than e.g. L1-RSRP measurement, especially if multiple layers are configured. Furthermore the periodicity of the CSI acquisition resources and reporting impact the packet scheduling, and therefore the system performance, thus it could be preferable to have sufficiently frequent periodicity. 
Observation 3: Further consideration is needed for CSI acquisition and reporting modelling for the evaluations.
Similar to CSI acquisition, RLM processing requires estimation of the ‘hypothetical’ BLER i.e. quality. RLM configuration could be based on SSBs or CSI-RS, and it could be considered for the study item evaluations that RLM is based on the SSB(s). Naturally for this the power modelling would need to be concluded. Measurements were discussed also during the last meeting, focusing to the SSB based procedures. CSI-RS based mobility measurements were also considered. Mobility CSI-RS can be configured with two assumptions, either with associated SSB or without associated SSB. The key difference is that only when associated SSB is detected, UE is required to measure the corresponding CSI-RS. Assuming that from modelling perspective, some fixed number of neighbour cells are concluded to be measured, it could be sufficient to consider that UE performs measurement of mobility CSI-RS from those cells. As discussed for TRS and BM, it could be considered to have periodicity of 20ms for these RS in (detected) neighbour cells. As the mobility CSI-RS requirements are not yet ready in RAN4, it is proposed to assume similar measurement periodicity as for SSB (only for intra-frequency).  
Proposal 8: Assume SSB based RLM for the FR1 power consumption evaluations.
Proposal 9: Determine intra-frequency mobility CSI-RS based measurement to be done only for ‘detected’ neighbour cells, assuming 20ms periodicity. Assume similar measurement periodicity as for SSB based measurements.
In RAN1#94bis the assumption for group paging rate (for a PO) was discussed, with probability [10%] taken as tentative value. While paging group probability is dependent on the paging configuration (groups/POs) it is also affected by the traffic mix. When considering the service mix today, with predominant use of always-on/background type of applications, it could be expected that the rate of the paging for a group is increased. Notably, this is not just dependent on the applications, but also on the operating system on device and mechanism applied by the application layers to adjust the behaviour. Hence to reflect the always-on type application behaviour, it is proposed to consider the paging group rate that is somewhat higher, for example 20%. If desired some other value (e.g. 10-15%) could be used in evaluation in addition. 
Proposal 10: Define the group paging rate (for PO) as 20%. If desired some other value could be evaluated in addition.
Traffic modelling / applications
During RAN1 94-bis numerous traffic models were proposed. In [2] the FTP model 3 is proposed as a main traffic model to be included in the evaluations, and we agree with this, including the parameter settings.
Observation 4: We agree with the proposal to include FTP model 3 as a main traffic model.
We see web-browsing, VoIP and video streaming, and background application synchronization as relevant use cases. We find gaming less meaningful to include, because it would require the UE’s CPU, GPU, and screen to be continuously active in high-performance state and thus minimize the potential gain of reduced modem energy savings. Therefore, we propose to prioritize the applications FTP, background signalling, and VoIP, with limited CPU/GPU/screen activity.
Proposal 11: The evaluation shall only include the impact of the radio modem power consumption, but high-activity (CPU, GPU, screen) applications such as gaming shall be excluded.
Proposal 12: prioritize FTP, background signalling, and VoIP applications for further evaluations.
In general, it will be beneficial to model the abovementioned traffic types by modifying the FTP model.
According to [2] the DoU can also be considered for the evaluation. We don’t see the benefit of this, because the combination of multiple results will make it difficult to identify how each proposed power saving scheme impacts the individual traffic models and is impacted by the deployment scenario. We therefore propose to report the power consumption contribution per application, and potentially perform a relative comparison. 
Proposal 13: The main evaluation metric should be based on individual contributions. Optionally, it may also be combined into a single number as DoU.  
Usage of LLS/SLS simulation/evaluation
[bookmark: _Hlk528933620]In [2] it is proposed to use the simulation assumptions from table A2.1-1 in [5] for system level impact evaluation. We agree with using the 3GPP 38.802 assumptions and that companies must state any additional assumptions needed. It is furthermore noted that companies proposal-by-proposal may decide whether to use DRX. This is problematic, because it may give the impression that certain proposals will result in major energy savings, while in reality it will be minimal due to use of DRX. Furthermore, the use of DRX may also impact system capacity and latency. We therefore propose that DRX is mandatory to include in system level simulations of objectives 1a), 1b), and 2) of [1], unless otherwise stated.
Proposal 14: We propose the objectives 1a), 1b), and 2) of [1] require the use of DRX for system level simulations.
Regarding specific system level assumptions, as discussed in [2] we don’t see the need to include carrier aggregation and TCP slow start, as we target evaluation when the system is in a steady state. Any application ramp-up and ramp-down would potentially bias the results. Furthermore, for multi-user simulations, only the user under study needs to run the specific application – others can be e.g. full buffer to help control the resource utilization.
Proposal 15: It is not mandatory to include carrier aggregation, TCP slow start, and apply the same traffic profile for all (in multi-user simulations), for system level evaluations. If such elements are included in the evaluations it should be explicitly stated.
UE power consumption modelling
The baseline power model was proposed in [4]. We agree with the proposals on the power states, but not the “light sleep transition energy”. The transition energy is defined to be 100 units over 6 ms. Given the FR1 SCS of 30 kHz, each slot is 0.5 ms, and thus the transition power is 100/(6/0.5) = 8.33 units/slot. The light sleep power state is defined to consume 20 units/slot, which means it consumes less power to transition from light sleep to a higher power, active state, than being in light sleep. This is not consistent, and therefore we propose to adjust the transition energy to more than 12 slots*20 units/slot = 240 units over 6 ms. 
Proposal 16: RAN1 to reconsider the light sleep transition energy and make it exceed 240 units over 6 ms. 
The FR1 specific scaling of the power consumption model is provided in [2] . For UL carrier aggregation and antenna scaling, the power consumption is increased (with 2x CA and 2x Tx) at 0 dBm, while it does not change at 23 dBm. This indicates the emitted output power is fixed at 23 dBm for the latter case, but is increased to 3 dBm for the 2x 0 dBm case. Given that the 2x CA or 2x Tx will use 20 dBm to achieve a total of 23 dBm output power, the power consumption shall also be scaled because the PA efficiency is not linear and the overhead of running additional D/A converters and baseband processing must be included. 
Proposal 17: RAN1 to clarify the emitted output power for carrier aggregation and antenna scaling in uplink, and to define the power consumption increase when using 2x CA or 2x Tx at 23 dBm.
Conclusion
To conclude we propose and observe the following:
Proposal 1: Add at least two frequency layers for inter-frequency measurements modelling
Proposal 2: Assume SMTC window duration of 2ms or 3ms for synchronised FR1 scenario.
Proposal 3: Assume SMTC window duration of 5ms for FR2 scenario.
Proposal 4: The selected TDD slot format must be specified when providing evaluation results. E.g. a DL heavy (e.g. format 46), UL heavy (e.g. format 47) and balanced formats (e.g. format 45).
Proposal 5: Set the RRC release timer for evaluation of DRX scenarios to infinity to ensure C-DRX and I-DRX cases are treated separately.
Proposal 6: The focus of the study shall have equal priority on DL and UL.
Proposal 7: To account for the TRS and beam management related CSI-RS processing in power consumption modelling, CSI-RS on one slot per 20ms is assumed combined with (periodic) PUCCH or PUSCH based reporting (at 20ms).
Proposal 8: Assume SSB based RLM for the FR1 power consumption evaluations.
Proposal 9: Determine intra-frequency mobility CSI-RS based measurement to be done only for ‘detected’ neighbour cells, assuming 20ms periodicity. Assume similar measurement periodicity as for SSB based measurements.
Proposal 10: Define the group paging rate (for PO) as 20%. If desired some other value could be evaluated in addition.
Proposal 11: The evaluation shall only include the impact of the radio modem power consumption, but high-activity (CPU, GPU, screen) applications such as gaming shall be excluded.
Proposal 12: prioritize FTP, background signalling, and VoIP applications for further evaluations.
Proposal 13: The main evaluation metric should be based on individual contributions. Optionally, it may also be combined into a single number as DoU.  
Proposal 14: We propose the objectives 1a), 1b), and 2) of [1] require the use of DRX for system level simulations.
Proposal 15: It is not mandatory to include carrier aggregation, TCP slow start, and apply the same traffic profile for all (in multi-user simulations), for system level evaluations. If such elements are included in the evaluations it should be explicitly stated.
Proposal 16: RAN1 to reconsider the light sleep transition energy and make it exceed 240 units over 6 ms. 
Proposal 17: RAN1 to clarify the emitted output power for carrier aggregation and antenna scaling in uplink, and to define the power consumption increase when using 2x CA or 2x Tx at 23 dBm.

Observation 1: For FR1 asynchronous deployment evaluation the SMTC periodicity and window duration of 5ms would need to be assumed, together with SSB periodicity of 5ms.
Observation 2: There would be need for agreement on the CSI-RS configuration(s) applied for power consumption analysis, and the related reporting configuration(s).
Observation 3: Further consideration is needed for CSI acquisition and reporting modelling for the evaluations.
Observation 4: We agree with the proposal to include FTP model 3 as a main traffic model.
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