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Introduction
In WID “Objectives for Rel-17 UE Power Saving Enhancement” (latest WID in RP-200938 RAN-88), it was agreed to further study and specify enhancements for NR SA deployments for NR devices in idle/inactive mode. In this contribution we aim to address the following area outlined in the WID: 
1)	Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102e meeting

Discussion
Paging enhancements

Background

In current 3GPP specifications, UEs are assigned to various paging occasions (POs) in a cell based on a UE-specific, NW-assigned UE identity. In the assigned PO, a UE monitors the PDCCH in search for a DCI format 1_0 with CRC scrambled by a P-RNTI. Since the total number of POs are limited within a cell, multiple UEs may potentially be assigned and monitoring the very same PO on PDCCH. When there is a Paging message from the NW for any of the UEs monitoring the same PO, an indicator is set in the PO’s DCI by the NW. These UEs will then have to decode the associated Paging message on PDSCH. However only the UE(s) that find their ue-Identity on the PDSCH, will act on the Paging message, the other UEs associated with the same PO will ignore the Paging message; these other UEs are so-called falsely paged. Impact of this additional PDSCH processing is the subject for study for one of the objectives in Rel-17 UE Power Savings enhancements.
False paging probability

[bookmark: _GoBack]The probability of false paging for individual UEs is dependent on the expected traffic of each UE, NW paging strategy, NW paging- and mobility related configurations, amount of UEs in the NW monitoring the same PO, and mobility pattern of the UEs. When it comes to expected paging related traffic for individual UEs, it was assumed in Rel-16 TR38.840 [1] that the average paging rate for each UE is around 10%. Assuming a typical idle/inactive DRX cycle of 1.28s, the 10% rate implies that any individual UE is pages once every 13 seconds. This value is quite high side and other more reasonable rates should be considered. For example, if a typical UE is involved in around 20 calls/h from which ~50% are mobile terminated (50% is also on a very high side according to our statistics) we derive 10 pages/h/UE; i.e. once every 360s. This leads us to an estimate with a paging rate of 0.4% (i.e. 1.28/360). Even if we assume a traffic model with 50 pages/UE/h (i.e. once per 72s), we arrive at a rate of 2% (i.e. 1.28/72). 
1. [bookmark: _Toc47728652]With a typical DRX cycle of 1.28s, the Rel-16 estimates with 10% paging rate for one UE implies a traffic model in which a UE is paged once every 13 seconds. More reasonable paging rates are in the range 0.4%...2% (10…50 pages/h).
Figure 1 depicts the probability of false paging with the different rates discussed above based on a probability model such as the one used by R2-1905953 [2]. When it comes to amount of UEs associated with the same PO, assuming that the UEs are randomly distributed over the available paging capacity, the total number of configured POs in a cell is a decisive NW configuration and the NW has choices to tune this. Again, assuming a typical NW DRX configuration of 1.28s, the number of POs shared among the UEs ranges from 128…512 (1…4 POs/frame). 
[image: ]
[bookmark: _Ref31703748][bookmark: _Ref31703733]Figure 1: Probability of false paging with different number of UEs associated with the same PO (assuming paging rates 0.4%...10%).

From a UE’s perspective, if the NW configures as many POs as possible, each PO consumes additional PDCCH decoding resources. From a NW and system capacity point of view, it is beneficial to multiplex as many UEs as possible within the same PDCCH/PDSCH occasion. 
[bookmark: _Ref31738695]False paging cost

It is important to understand the UE power consumption cost associated to false paging. Below follows a comparison between two cases; one case where a UE wakes up and decodes PDCCH only (i.e. no paging) and another case where a UE decodes both PDCCH and PDSCH. In both cases a typical DRX cycle of 1.28s is assumed in an FR1 cell. Furthermore, it is assumed that the UE is in deep sleep in-between the DRX occasions and upon wakeup consumes 2 SSBs before each PO for the sake of loop convergence and RRM measurements. Based on the 3GPP power consumption model (3GPP 38.840 [1]), the associated activities are derived and compared in Figure 2. 
[image: ]
[bookmark: _Ref45095958]Figure 2: UE PO monitoring related activities per Idle/Inactive DRX occasion. UEs are assumed to be in deep sleep in-between the DRX occasions, acquiring 2 SSBs before the PO. Top subfigure depicts the case where the UE receives both PDCCH and PDSCH, whereas the lower subfigure depicts the case with PDCCH only (i.e. UE is not paged)

The activities related to these two cases are summed together over one DRX cycle and put in relation each other as depicted in Figure 3. As can be seen, the extra PDSCH decoding leads to ~2.6% increased power consumption in idle mode. If we assume that a UE is falsely paged 10% of the total time, the extra power consumption caused by false paging will be 0.26%. Even assuming a high/extreme rate such as 50%, the associated extra cost will not be more than 1.3% of idle power consumption.
1. [bookmark: _Toc47728653]With a typical DRX cycle of 1.28s, the extra power consumed in the UE caused by PDSCH decoding compared to PDCCH only is ~2.6% of Idle time power consumption. Assuming 10% false paging rate, this only leads to ~0.26% increase in idle mode power consumption.

[image: ]
[bookmark: _Ref45097785]Figure 3: Relative power difference between the two cases (PDCCH only vs PDCCH/PDSCH) depicted in Figure 2 assuming a 1,28s DRX cycle.

Results indicate that paging related energy consumption is a small fraction of total energy of the UEs, especially for eMBB type of devices. Therefore, it is important that any solution must be weighed against introduced complexity and potential NW impact requiring too large network resources to be reserved for paging. As paging related UE energy consumption is a small fraction of total UE consumed energy, a potential mechanism (if any) shall aim to be simple without requiring noticeable network resources to be reserved for paging.
[bookmark: _Toc47728655]RAN1 should study simulation assumptions to get realistic estimates of false paging. 
· [bookmark: _Toc47728656]Paging rates in the range 0.4%...2% (10…50 pages/h) are proposed for the deriving false paging rates.
[bookmark: _Toc47728657]RAN1 should evaluate the additional power savings achieved by skipping PDSCH decoding and receiving only PDCCH for paging reception.
[bookmark: _Toc47728658]RAN1 should evaluate the power savings gain vs. system impact of potential paging enhancements.

If significant opportunities for UE power savings with negligible system performance impact are identified, only then possible enhancements can be studied. 
In Rel-16 Power Saving paging grouping mechanism to minimize the rate of false paging was discussed. As pointed out earlier, the grouping criteria (which groups should exist and how UEs are assigned to them) as such is highly dependent on traffic. We think that such grouping criteria is a separate discussion that can be handled by RAN2 and any potential grouping mechanism/tool discussed in RAN1 should aim at being agnostic to the grouping criteria developed separately.
Reusing the existing DCI format is one alternative for paging to convey grouping information. There are additional bits available in DCI format 1_0 with CRC scrambled by P-RNTI to convey such grouping information; at least 6 bits reserved in the DCI itself, and additionally 5 bits reserved in the Short Messages used by RRC. With this approach the UE is only required to monitor a single P-RNTI, and it does not consume NW resources in terms of excessive amount of PDCCHs. If such a mechanism is considered, RAN2 input will be needed regarding the number of bits used for grouping and grouping details. 
Conclusion
In previous sections, the following observations and proposals were made: 

Observation 1	With a typical DRX cycle of 1.28s, the Rel-16 estimates with 10% paging rate for one UE implies a traffic model in which a UE is paged once every 13 seconds. More reasonable paging rates are in the range 0.4%...2% (10…50 pages/h).
Observation 2	With a typical DRX cycle of 1.28s, the extra power consumed in the UE caused by PDSCH decoding compared to PDCCH only is ~2.6% of Idle time power consumption. Assuming 10% false paging rate, this only leads to ~0.26% increase in idle mode power consumption.

Proposal 1	RAN1 should study simulation assumptions to get realistic estimates of false paging.
	Paging rates in the range 0.4%...2% (10…50 pages/h) are proposed for the deriving false paging rates.
Proposal 2	RAN1 should evaluate the additional power savings achieved by skipping PDSCH decoding and receiving only PDCCH for paging reception.
Proposal 3	RAN1 should evaluate the power savings gain vs. system impact of potential paging enhancements.
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