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[bookmark: _Ref4510574]Introduction
Since RP#85, there were two phases of email discussions for R17 UE PS WI scope. The suggested scope in high level covers following three areas. 
· Idle mode enhancement
· Connected mode enhancement
· UE assistance information

In this contribution, we provide our views on the selected topics in R17 UE PS WI scope.
Idle Mode Enhancement
The R16 UE PS study has been focused on the power saving in connected mode. The only idle mode power saving technique considered in R16 UE PS WI was the RRM measurement relaxation for neighbor cells in idle mode for UE with low mobility or not in the cell edge. In a typical scenario, the power consumption contribution in idle mode is relatively small compared to that in connected mode. However, the considering that the time UE spends in idle mode is much larger than the time UE spends in connected mode, the importance of idle mode should not be underestimated.

We have following views on the area in idle mode for R17 UE PS WI.

Extending paging DRX cycle with EDRX mechanism
The extending the paging DRX cycle is one of the easiest and straightforward approaches. If a UE knows that there is very low chance of paging arrival, then the UE should be able to tradeoff the increased delay and power consumption in idle mode. The extended paging DRX paging cycle can effectively increase the standby time of the device. However, only extending one DRX cycle (i.e. default or UE specific cycle) cannot reduce idle UE wakeup frequency, because according to current mechanism idle UE wakes up according to the shortest DRX cycle of default and UE specific paging cycle. Therefore, LTE EDRX like mechanism should be applied on NR in order to make idle/inactive UE wakeup according to the UE specific paging DRX cycle and not affected by default paging cycle.


Reducing unnecessary paging reception
Due to the current structure of paging reception mechanism (where UE first decodes PDCCH and actual paging information is transmitted through PDSCH), there is significant chance that UE ends up spending power and finds no paging destined for itself. This unnecessary PDSCH decoding for potential paging could be avoided to a certain extent by reducing the paging group size. This approach could be further investigated in R17.

Proposal 1: Include at least extending paging DRX cycle with EDRX mechanism and reducing unnecessary paging reception as paging enhancement technique in R17 UE PS WI scope.

Serving-cell RRM measurement relaxation
[bookmark: _GoBack]RRM relaxation for neighbor cells in idle mode has been standardized in R16. During the R16 discussion, there was a long and fierce debate and finally no consensus was reached for serving cell RRM measurement relaxation. In general, RRM measurement relaxation is beneficial for UE power saving, but considering the R16 discussion situation, we propose to deprioritize the standardized discussion on serving cell RRM measurement relaxation in idle mode. 

Proposal 2 : In R17 UE PS WI scope, deprioritize the serving cell RRM measurement relaxation in idle mode.
Connected Mode Enhancement 
During R16 UE PS SI phase, many power saving techniques have been studied and evaluated. However, only cross slot scheduling, wake up signal, and SCell dormancy were standardized during WI phase in UE PS WI and MR CA/DC WI. 

Enhancement of DCI based power saving signal for PDCCH monitoring reduction in Active Time
During R16, dormancy indication and wake up signal were introduced. The SCell dormancy indication is to reduce PDCCH monitoring for SCells and wake up signal is to reduce PDCCH monitoring in CDRX mode. One missing piece in power saving technique framework is the PCell PDCCH monitoring reduction. During R16, even PDCCH skipping or monitoring periodicity change have shown significant power saving gain, they were not included in the WI scope. The significant gain have been shown during SI phase and the additional gain on top of R16 PS features such as cross slot scheduling and wake up signal was also shown in [1]. We think the PCell PDCCH monitoring could be easily introduced by extending existing L1 signal (DCI formant 0_1/1_1) similar to SCell dormancy indication. 

Proposal 3 : R17 UE PS WI scope includes the extension of DCI based power saving signal for an active BWP during DRX Active Time to further reduce PDCCH monitoring.

Relaxation of measurement for RLM/BM
The beam operation in NR is an important new technique for maintaining connectivity in FR2. The cost for maintaining beam connectivity is frequent measurement of CSI-RS resources and fast detection of beam failure in physical layer. This requires frequent UE wake up and introduces high power consumption at UE side. Especially when DRX cycle is short, there is quite extensive overhead in terms of power consumption for maintaining beam connectivity even when UE is quite stationary in the sense of beam change. Thus, we think relaxation of measurement for BM (and RLM as well) could be further enhanced in R17 UE PS WI.

Proposal 4 : R17 UE PS WI scope include the relaxation of measurements for RLM and BM in connected mode.
UE Assistance Information
Energy Efficiency
During the email discussion, there has been a proposal about including energy efficiency metric in UE assistance information. The main purpose of the metric would be to provide current UE’s energy efficiency of power saving techniques in use. This will allow network to get an idea on how much the applied PS technique(s) are effective. Although it sounds like a nice approach, we see that there exist many problems in introducing such metric.

· First, the effectiveness of power saving techniques have been already studied through agreed power model. The power saving gain is quantifiable based on the model. So, the need for such energy saving effectiveness metric is not very clear.
· Second, energy efficiency highly depends on UE implementation, which means that different UE vendors may have different energy efficiency numbers for the same applied PS technique. This could make it very difficult for network to assess the effectiveness of the PS technique. It would be very difficult to reach an agreement on such metric among UE vendors.
· Third, even within the same UE, the energy efficiency of a PS technique would depend on current traffic pattern. Thus, taking into account different traffic pattern is also necessary, which makes it  further difficult to use the metric.
· Fourth, there could be some UEs reporting inaccurate or fake energy efficiency information expecting network to enable certain features with the motivation of improving its own energy efficiency. The network may not be able to identify whether the reported information is genuine or not. The impact of such UE behavior could make such reporting less effective.
· Fifth, it is not clear how those metric could be used by network. Different networks may respond differently for the same information. Consequently, a UE cannot expect the same outcome from different networks (e.g., different network vendors / different operators). Thus, from UE perspective, the purpose/motivation of sending the energy efficiency information is not very clear.

Based on above reasons, energy efficiency should be excluded from UE assistance information.

Proposal 5 : In R17 UE PS WI, deprioritize including energy efficiency metric in UE assistance information for UE power saving.

SCell / BWP Configuration
During R16, it has been agreed that overheating information IE is to be reused for power saving purpose. Given that the techniques UE can use for power saving is similar to that UE use for overheating, this approach looks reasonable. However, directly copying overheating information IE and using it as power saving IE is not desirable for power saving.

For example, the max number of MIMO layer in overheating information IE cares only about the maximum MIMO layer across BWPs. While, what matters for power saving may not necessarily be the maximum number across BWPs. Instead, what matters is the reduction of MIMO layer in narrow BWP where UE does not usually expect to receive a lot of data.

SCell information in overheating information IE is also very limited since it only indicates the maximum number of CCs. It does not allow UE to indicates its preferred SCells, which is often desirable when UE experiences IMD and low throughput on specific cell(s). Further details can be found in [2].

Proposal 6 : In R17 UE PS WI, make further enhancement for max MIMO, BWP, SCell configuration in UE assistance information.
Conclusions
Based on the discussion, we make following proposals.

Proposal 1 : Include at least extending paging DRX cycle with EDRX mechanism and reducing unnecessary paging reception as paging enhancement technique in R17 UE PS WI scope.

Proposal 2 : In R17 UE PS WI scope, deprioritize the serving cell RRM measurement relaxation in idle mode.

Proposal 3 : R17 UE PS WI scope includes the extension of DCI based power saving signal for an active BWP during DRX Active Time to further reduce PDCCH monitoring.

Proposal 4 : R17 UE PS WI scopes include the relaxation of measurement for RLM and BM in connected mode.

Proposal 5 : In R17 UE PS WI, deprioritize including energy efficiency metric in UE assistance information for UE power saving.

Proposal 6 : In R17 UE PS WI, make further enhancement for max MIMO, BWP, SCell configuration in UE assistance information.
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