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Abstract of the contribution: This contribution evaluates solution 33 “Delayed Paging Response” pertaining to Key issue #5 on UE Tx Power Saving Functions. It addresses power consumption both for paging and for MT data reception.
1
Evaluation – Power consumption for paging
Solution #33 is a proposed solution to KI#5 on UE Tx Power Saving Functions. It articulates around the notion that sending a page response in (very) bad coverage is more power consuming than sending a paging response in good coverage. As documented in the TR: “This solution intends to avoid the UE responds the paging in a very bad coverage, which would consumes much more UE battery power” – i.e. it is specifically about paging. This is evaluated hereafter.
As described in the TR, this solution relies on a paging response window allocated to the UE at registration. Thereafter, when this UE is paged with an indication for delayed paging and if the radio coverage conditions are poor, the UE may decide to delay the transmission of the response to the paging until radio conditions improve while still within the delayed paging response window.

The claim that this proposal saves UE power is questionable for the following reasons:

-
The power consumption of a UE (modem) in idle mode originates essentially from the UE monitoring paging occasions on PDCCH, not by the UE responding to paging. 
-
Substantial reduction of a UE’s power consumption due to paging can be had by reducing the paging occasions the UE needs to monitor i.e. DRX.
-
Unlike DRX, the proposal provides no guarantee of power saving in the UE. 
-
For UEs that remain in poor radio conditions, the proposal is not only expected to yield no power saving (as inferred by the solution description itself), it is also expected to degrade their power consumption as they wait for coverage improvement (and make assessment thereof) during the paging response window. The CIoT RATs e.g. NB-IoT, LTE-M were designed under very stringent power consumption requirements in very stringent coverage conditions – it is expected this solution can indeed violate these requirements.
-
Delaying a page response means delaying MT data transmission. This can result in increasing data loss for UEs that remain in weak/bad coverage. Delaying the transmission of delay tolerant data can render the data itself more sensitive to delay.

-
Control signalling, and especially paging and page responses are by-design robust to adverse channel conditions because the exact radio environment of the UE that is paged is unknown to the network and to the UE. The proposal relying on the UE deferring paging to when radio conditions improve assumes a UE behaviour that is simply not expected. 

NOTE: 
In EPS, LTE-M and NB-IoT, the paging mechanism was adapted for UEs that were last seen in Enhanced Coverage so pages/page response could be delivered to/from the UE. The UE does not update its coverage level to the network while in idle mode, however it compensates for the estimated pathloss when responding to pages, while minimizing interference to other UEs ( power ramp-up). 

-
No evidence has been shown that the mechanism does optimize the UE TX power consumption and in turn that it meets the architectural requirement that "optimizing UE TX power consumption shall reduce overall UE power consumption”.

2
Evaluation – Power consumption for MT data reception
Regarding whether or not this solution improves the UE power consumption for MT data reception was discussed during the FS_CIoT_5G Telco on Oct 4th, 2018. However, strictly speaking, it is observed on one hand, that the Key Issue #5 is about optimizing the UE TX power consumption i.e. uplink and all solutions proposed, paging included, are strictly about uplink transmissions (as of v1.0.0 of TR23.724). On the other hand, a number of solutions have been recommended addressing Key Issue #4 track 2 (NAS based approach addressing very long delay tolerance for MT data, i.e. sleep cycles similar in duration as supported by PSM in EPC).

As described previously in §1 solution #33 is not shown to provide savings for responding to pages nor, if any, with what magnitude taking into account the whole paging mechanism. Also it will inevitably generate a degradation of the UE power consumption compared to the Rel-13 baseline in some common scenarios that prompted the very definitions of NB-IoT and eMTC for instance.

CIoT was defined around data needs that are essentially MO-biased, with rare MT data (e.g. for software download). Delaying a page response as a means to save power for MT data reception follows a dubious premise that the (more) favorable conditions determined by the UE in CM-IDLE to send the page response will also hold for MT data reception in CM-CONNECTED. There is obviously no guarantee that this will be the case.
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6.33.6
Evaluation


The solution #33 Delayed Paging Response is subject to the following points:
-
The power consumption of a UE (modem) in idle mode originates essentially from the UE monitoring paging occasions on PDCCH, not by the UE responding to paging. 

-
Substantial reduction of a UE’s power consumption due to paging can be had by reducing the paging occasions the UE needs to monitor i.e. DRX.

-
Unlike DRX, the proposal provides no guarantee of power saving in the UE. 

-
For UEs that remain in poor radio conditions, the proposal is not only expected to yield no power saving (as inferred by the solution description itself), it is also expected to degrade their power consumption as they wait for coverage improvement (and make assessment thereof) during the paging response window. The CIoT RATs e.g. NB-IoT, LTE-M were designed under very stringent power consumption requirements in very stringent coverage conditions – it is expected this solution can indeed violate these requirements.

-
Delaying a page response means delaying MT data transmission. This can result in increasing data loss for UEs that remain in weak/bad coverage. Delaying the transmission of delay tolerant data can render the data itself more sensitive to delay.

-
Control signalling, and especially paging and page responses are by-design robust to adverse channel conditions because the exact radio environment of the UE that is paged is unknown to the network and to the UE. The proposal relying on the UE deferring paging to when radio conditions improve assumes a UE behaviour that is simply not expected. 

NOTE: 
In EPS, LTE-M and NB-IoT, the paging mechanism was adapted for UEs that were last seen in Enhanced Coverage so pages/page response could be delivered to/from the UE. The UE does not update its coverage level to the network while in idle mode. 

-
Delaying a page response as a means to save power for MT data reception is questionable. The underlying assumption that the (more) favorable conditions determined by the UE in CM-IDLE to send the page response will also hold for MT data reception in CM-CONNECTED is questionable.

-
It provides no guarantee to improve the UE power consumption for MT data reception.
-
No evidence has been shown that the mechanism optimizes the UE TX power consumption and, in turn, that it meets the architectural requirement that "optimizing UE TX power consumption shall reduce overall UE power consumption".
**** NEXT CHANGE ****

7.5
Key Issue 5: UE TX Power Saving Functions

Editor's note:
This clause will capture the evaluation for key issue 5.

Solution #33 provides no guarantee to improve the UE TX power consumption for paging.
Solution #33 provides no guarantee to improve the UE power consumption for MT data reception.
**** END OF CHANGES ****
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