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1
Introduction
In RAN2#79bis, the need to ensure consistent UE behaviour to send Power Preference Indications (PPIs) was discussed but there was no agreement. This document tries to clarify the main issues and proposes  possibilities to remove the existing ambiguities.

2
Discussion
2.1
"Low power consumption" PPI impact on QoS
According to TS 36.300, the network which receives a "low power consumption" PPI may configure the UE with a long value for the long DRX cycle or release the RRC connection. Such network behaviour may result in delay of
-
any data expected by the UE by a long DRX cycle (if the RRC connection is released or if it is maintained but a short cycle is not configured)
-
uplink data up to 100ms (if the RRC connection is released)

According to TS36.331, the long DRX cycle can be up to 2.56s while according to TS 23.203,  all standardized UE characteristics have a Packet Delay Budget of 50ms, 100ms, 150ms or 300ms (see annex).
Certain UE implementations may expect the network to always strictly ensure that the QoS requirements (i.e. including the Packet Delay Budget) associated with the established DRBs are met (e.g. not release RRC connection during data transfer, configure a short cycle or configure a value of the long cycle compatible with the QoS requirements, i.e. always less than 256ms) while other UEs may consider that the PPI may increase the latency above the limit of the QoS.

As illustrated in [1], some issues can arise in case of mismatch between UE and network behaviour.
	UE indication
	Network behaviour A
	Network behaviour B
	Network behaviour C
	Network behaviour D

	low power consumption 
	2-level DRX (see 1)/ release connection
	 large DRX cycle (see 2) / release connection
	large DRX cycle (see 2)/ release connection
	small DRX cycle (see 3)/ release connection

	default
	small DRX cycle (see 3)
	 2-level DRX (see 1)
	small DRX cycle (see 3)
	no DRX


Table 2.1-1: Four possible network behaviours in reaction to UE power preference indications

Note 1:
DRX configuration such that the PDB is met for any UE-initiated traffic.

Note 2:
DRX configuration similar to idle mode (the PDB will not be met for any traffic)

Note 3:
DRX configuration such that the PDB is met for UE- and network-initiated traffic,

	Ongoing service/traffic
	UE1 indication
	UE2 indication

	non-interactive/background
	low power consumption 
	low power consumption

	web browsing/interactive content pull  
	
	default

	instant message/online game
	default
	


Table 2.1-2: Two possible UE behaviours

As mentioned in [1], UE1 will have degraded user experience with network B or C and UE2 will have lower battery life with network A.
Observation 1: Existing specifications do not provide sufficient information on UE behaviour for the network to use the PPI accurately, even in the case when there is only one established DRB.
We see no use for network behaviour A since most traffic is UE initiated and when 2-level DRX is configured, the UE will not enter the long DRX cycle when there is traffic and the PDB requirements will be met.
We are not sure there is any use for network behaviour D since lower latency cannot result only from lower DRX, it also requires appropriate scheduling and this is not under the control of the PPI.
Proposal 1: When the UE indicates "low power consumption", the network may keep a DRX configuration similar to idle mode as long as the UE does not indicate "default".
2.2

Handing the PPI with multiple bearers
While [1] considered mainly the case of a single (default) bearer, additional issues arise when there is more than one bearer e.g.

-
if the network considers that the UE updates the PPI in accordance with user activity that may require data to be exchanged over a certain DRB while the UE doesn't do it because it expects sufficient QoS to always be ensured for certain services (e.g. web browsing) on that bearer, the user experience will be affected.

-
if the network considers that QoS must always be ensured for a certain DRB while a UE keeps it permanently established (e.g. by SIP/IMS/application signalling or periodic requests) and expects power saving thanks to transmission of PPI, the UE power consumption will not be optimized. 

Whether there is only one or more DRBs, an issue occurs because the network does not know whether the UE updates the PPI when user activity may generate data traffic on a certain DRB or not.
Observation 2: The network cannot use the PPI accurately if it does not know for each established DRB whether a UE always sets the PPI to "default" when user activity (non-background) may generate data traffic on this DRB.


The network may prefer to always ensure that the required QoS is fulfilled for certain bearers, regardless of the PPI. Different operators may have different preferences for the same QoS characteristics.

According to the discussion above, the perfect UE behaviour would be that 

1.
The UE updates the PPI according to user activity which may require to exchange data on bearers for which the network considers that QoS may be relaxed.

2.
 The UE does not try to keep permanently established a bearer for which the network will always ensure QoS.
As mentioned above, different operators may have different preferences for the same bearer, which makes it difficult to use e.g. QoS parameters to indicate which bearer is subject to PPI or not. Adding an explicit indication per bearer to indicate to the UE for which bearers it should consider updating the PPI (one bit per bearer) would be possible but may require extra work.

According to TS 23.203, QCI 1 to QCI 4 are associated with operator controlled services so the related DRBs should be established according only when a bearer is really needed and using a long DRX cycle would immediately affect the user experience,
Proposal 2: Discuss whether there is the need to specify a particular UE (not send the PPI) or network behaviour (de-configure the PPI) when a bearer with QCIs 1 to 4 is established.
For all (or other DRBs), a simple approach is that the UE updates the PPI according to user activity which may require the exchange of data on any bearer and the network may decide to de-configure the PPI or ignore the "low power consumption" indication when certain bearers are established. This leaves full flexibility to the network and avoids the need of any extra specification work.
Proposal 3: All UEs should indicate "default" whenever they expect sufficient QoS for any service using any established bearer (regardless of QoS characteristics indicated by NAS). 

The way to specify it could be one of the two alternatives below:

a)
the UE should indicate "default" whenever it expects sufficient QoS to be ensured on any of the established bearers; 
b)
the network may not provide the QoS associated with the established bearers when the UE indicates "low power consumption"

Proposal 4: Discuss how to specify proposal 1 (e.g. a. or b.).
3
Conclusion
We discuss how to use the PPI and observe that:

Observation 1: Existing specifications do not provide sufficient information on UE behaviour for the network to use the PPI accurately, even in the case when there is only one established DRB.
Observation 2: The network cannot use the PPI accurately if it does not know for each established DRB whether a UE updates the PPI according to user traffic.
In order to solve these issues, we propose that:
Proposal 1: When the UE indicates "low power consumption", the network may keep a DRX configuration similar to idle mode as long as the UE does not indicate "default".
Proposal 2: Discuss whether there is the need to specify a particular UE (not send the PPI) or network behaviour (de-configure the PPI) when a bearer with QCIs 1 to 4 is established.
Proposal 3: All UEs should indicate "default" whenever they expect sufficient QoS for any service using any established bearer (regardless of QoS characteristics indicated by NAS). 

Proposal 4: RAN2 chooses how to capture this in RAN2 specifications (see 2 possible alternatives above).

4
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5
Annex - Extract of TS 23.203
Table 6.1.7: Standardized QCI characteristics

	QCI
	Resource Type
	Priority
	Packet Delay Budget (NOTE 1)
	Packet Error Loss

Rate (NOTE 2)
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3)
	
	3
	50 ms
	10-3
	Real Time Gaming

	4
(NOTE 3)
	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
(NOTE 3)
	
	1
	100 ms
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)

	NOTE 1:
A delay of 20 ms for the delay between a PCEF and a radio base station should be subtracted from a given PDB to derive the packet delay budget that applies to the radio interface. This delay is the average between the case where the PCEF is located "close" to the radio base station (roughly 10 ms) and the case where the PCEF is located "far" from the radio base station, e.g. in case of roaming with home routed traffic (the one-way packet delay between Europe and the US west coast is roughly 50 ms). The average takes into account that roaming is a less typical scenario. It is expected that subtracting this average delay of 20 ms from a given PDB will lead to desired end-to-end performance in most typical cases. Also, note that the PDB defines an upper bound. Actual packet delays - in particular for GBR traffic - should typically be lower than the PDB specified for a QCI as long as the UE has sufficient radio channel quality.

NOTE 2:
The rate of non congestion related packet losses that may occur between a radio base station and a PCEF should be regarded to be negligible. A PELR value specified for a standardized QCI therefore applies completely to the radio interface between a UE and radio base station.

NOTE 3:
This QCI is typically associated with an operator controlled service, i.e., a service where the SDF aggregate's uplink / downlink packet filters are known at the point in time when the SDF aggregate is authorized. In case of E-UTRAN this is the point in time when a corresponding dedicated EPS bearer is established / modified.

NOTE 4:
If the network supports Multimedia Priority Services (MPS) then this QCI could be used for the prioritization of non real-time data (i.e. most typically TCP-based services/applications) of MPS subscribers.

NOTE 5:
This QCI could be used for a dedicated "premium bearer" (e.g. associated with premium content) for any subscriber / subscriber group. Also in this case, the SDF aggregate's uplink / downlink packet filters are known at the point in time when the SDF aggregate is authorized. Alternatively, this QCI could be used for the default bearer of a UE/PDN for "premium subscribers".

NOTE 6:
This QCI is typically used for the default bearer of a UE/PDN for non privileged subscribers. Note that AMBR can be used as a "tool" to provide subscriber differentiation between subscriber groups connected to the same PDN with the same QCI on the default bearer.
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