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1. Introduction

At RAN2 #78 it was agreed to support a Power Preference Indication (hereon PPI) from the UE to the network.  This signalling assists the network in moving the UE between a default configuration and a lower power consumption configuration:

· The ‘default’ configuration refers to a combination of connected mode parameters (e.g. DRX, uplink control channel configuration, …) in which the QCI requirements of the established radio bearers are prioritised
· ‘Lower power consumption’ refers to a modified configuration in which UE power consumption and network resource efficiencies are prioritised.
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Figure 1 – Default and lower-power configurations
Stage 2 agreements related to the PPI signalling have been captured in [2].  In this document we propose stage 3 implementation aspects of the PPI signalling.

2. Power Preference Indication (PPI) signalling
Both RRC and MAC level signalling are possible for PPI. However, RRC signalling (in RLC acknowledged mode) incurs additional signalling overhead in conveying the PPI indications even when the physical layer is error free.
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Figure 2: Comparision between RRC and MAC based signalling

As can be seen from Figure 2, RRC signalling results in unnecessary extra signalling messages on the Uu interface.  2 messages are required on the air interface using several bytes for the payload.  Conversely, MAC level signalling requires only a 1 byte MAC PDU subheader in a single message (see Table 1).. Further, there is also physical layer signalling overhead associated with each signalling message over Uu (i.e. RRC signalling requires an extra HARQ message and also an extra PDCCH downlink grant).
HARQ acknowledgements (with an NACK -> ACK error rate < 10-3 to 10-4) are sufficient to make the UE aware of whether or not its PPI requests were successfully received by the eNB.

We therefore propose that two different MAC PDU sub-headers (associated with zero byte MAC CEs) are used to realise the true/false PPI signalling (see [2]) as shown below.  These new MAC CEs can be included in any uplink transmission by the UE in accordance with the prohibit rules (see section 4).
Table 1: LCIDs defined for PPI signalling
(changes shown relative to sec 6.2.1 of TS 36.321)

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-10110
	Reserved

	10111
	PPI False

	11000
	PPI True

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


Proposal 1:  MAC based PPI signalling (using two additional LCID fields for true/false) is defined to enable the UE to indicate its preference for a power optimised configuration or not

3. Downlink signalling
Various RRC parameters may be adjusted by the network in order to realise the lower power configuration.  These could include DRX settings (cycle periods, inactivity timer, etc…), uplink control channel settings (DSR, CQI/PMI, TAT, SRS, …), or others.
However, if full flexibility is to be retained at the network side, the UE is not likely to be aware of which parameters the network will choose to adjust for the lower-power configuration, or indeed which values will be used.  The UE cannot therefore unambiguously determine whether a received reconfiguration relates to a transition into/out-of the power-optimised mode or is simply some other on-going reconfiguration from the network.
During email discussion [78#43], implicit and explicit ways to ensure the UE is aware of its current configuration have been discussed.  The explicit approach carries less risk of the UE and eNB becoming de-synchronised and so it is proposed that the network explicitly signals to the UE (within existing DL RRC messages) whether the current configuration is default or lower power consumption.  To do so, a new IE (e.g. ‘NormalOrPowerOptConfig’) may be included in the downlink messages that configure or reconfigure the connected mode configuration parameters (RRCConnectionSetup, RRCConnectionReconfiguration, RRCConnectionReestablishment).  Table 2 shows an example of the IE, included within RadioResourceConfigDedicated.
Table 2: Downlink signalling of ‘NormalOrPowerOptConfig’
-- ASN1START

RadioResourceConfigDedicated ::=

SEQUENCE {


srb-ToAddModList




SRB-ToAddModList


OPTIONAL, 

-- Cond HO-Conn


drb-ToAddModList




DRB-ToAddModList


OPTIONAL, 

-- Cond HO-toEUTRA


drb-ToReleaseList




DRB-ToReleaseList


OPTIONAL, 

-- Need ON


mac-MainConfig





CHOICE {




explicitValue




MAC-MainConfig,




defaultValue




NULL


}

OPTIONAL,















-- Cond HO-toEUTRA2


sps-Config






SPS-Config 




OPTIONAL,

-- Need ON


physicalConfigDedicated



PhysicalConfigDedicated

OPTIONAL,

-- Need ON


...,


[[
rlf-TimersAndConstants-r9


RLF-TimersAndConstants-r9

OPTIONAL
-- Need ON


]],


[[
measSubframePatternPCell-r10
MeasSubframePatternPCell-r10

OPTIONAL
-- Need ON

]],

[[
normalOrPowerOptConfig-r11

ENUMERATED {normal, powerO:ptimised}  OPTIONAL
-- Need ON


]]
The IE could either be sent along with the reconfiguration data itself, or once the UE has acquired both the default and lower power consumption configurations, the network could simply use the IE on its own to command the UE to switch between the configurations (without resending the reconfiguration parameters each time).

Proposal 2:  An IE is included within RadioResourceConfigDedicated to allow the network to indicate to the UE whether the current configuration should be considered as default or lower power consumption

4. Transitions to Idle
The stage 2 agreement in [2] states:

-
UE preference for power optimised configuration (1 bit):

-
When this bit is sent by the UE, the UE shall set the bit (to true or false) in accordance with its preference for a configuration that is primarily optimised for power saving (e.g. a long value for the long DRX cycle or RRC connection release) or not

-
The details regarding how the UE sets the indicator are left to UE implementation

Due to the existence of only true/false indications for the signalling, it is not possible for the network to differentiate between a preference for:

i) a low-power connected mode configuration (i.e. the user plane is still required) or
ii) idle (i.e. data is not likely to continue hence the connection can be released).

It is therefore proposed that transmission of PPI set to true (i.e. ‘power saving is preferred’) when the UE is already in the low power connected mode configuration is used to indicate to the network that idle mode is suitable (i.e. further user plane data is not expected).
Proposal 3:  Transmission of PPI set to true from the low-power configuration is used to indicate that idle mode is suitable (i.e. further user plane data is not expected)
5. PPI Prohibit Mechanisms

Mechanisms to control excessive signalling of PPI (frequency and number of messages) are required.  However, in order to avoid adverse user perception, it is also important that the prohibit mechanisms do not delay a return to the default configuration (i.e. QoS should be quickly restored upon resuming interactivity).
A simple prohibit timer and prohibit counter can be used to achieve this as described in the following:

Governing Rules:

1) The UE shall not transmit any PPI whilst the prohibit timer “T” is running

2) The UE shall not repeat a transmission of PPI (i.e. set to the same value as previously) if the prohibit counter “C” equals a maximum count value “Cmax”

Prohibit timer operation:

· T is reset to a value “TP” each time a PPI is sent from the lower-power configuration

· T is reset to a value “TD” each time a PPI is sent from the default configuration

· T is also reset to “TD” on entering the normal default configuration

· (this limits the overall frequency of toggling)
· T is set to 0 (expires) on entering the lower-power-consumption configuration

· (this ensures that a subsequent request for the default configuration is not delayed)
Prohibit Counter operation:
· C is incremented (to a maximum of Cmax) each time a PPI is sent that repeats the previous request

· C is reset to 0 if the UE preference changes (a PPI is sent that does not repeat the previous request)
Proposal 4:  Prohibit rules based on a simple timer and counter are defined for the UE as a function of the current configuration (details listed above)
6. Capability signalling

The network can enable the PPI signalling simply by including the “NormalOrPowerOptConfig” IE (see proposal 2) in a given RRC message that configures or reconfigures the connected mode parameters. A UE shall not transmit PPI signalling unless at least one such IE has been received from the current cell.  The network learns of the UE’s support for the feature via the presence of any subsequently-received PPI transmissions from the UE.
This obviates any need for any other explicit network capability indication or UE capability signalling.  Hence, it is proposed that specific capability signalling is not needed for this feature.
Proposal 5:  The UE shall not transmit PPI signalling within a cell unless it has received the IE of proposal 2 in the downlink from that cell
7. Conclusions and proposals
The following proposals are made to introduce PPI signalling:
Proposal 1:  MAC based PPI signalling (using two additional LCID fields for true/false) is defined to enable the UE to indicate its preference for a power optimised configuration or not

Proposal 2:  An IE is included within RadioResourceConfigDedicated to allow the network to indicate to the UE whether the current configuration should be considered as default or lower power consumption

Proposal 3:  Transmission of PPI set to true from the low-power configuration is used to indicate that idle mode is suitable (further user plane data is not expected).

Proposal 4:  Prohibit rules based on a simple timer and counter are defined for the UE as a function of the current configuration (details listed above)
Proposal 5:  The UE shall not transmit PPI signalling within a cell unless it has received the IE of proposal 2 in the downlink from that cell
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