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1          Introduction

This T-doc is a text proposal to Section 7 of TR25.927 on the Energy Savings using synchronised NB-UE DTX/DRX [1], [2] and [3].
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7
Technical Concepts

This section describes and analyses the suggested technical concepts addressing the problem described by the study item “Solutions for energy saving within UTRA Node B” defined in [1].
7.1
Synchronised NB-UE DTX/DRX
7.1.1
Description of the concept

The power amplifier (PA) is one of the elements in the RBS that consumes a significant amount of power and hence the NB ability to perform Discontinuous Transmission (DTX) is an attractive option in saving energy in the network.  In NB DTX the transmitter, specifically the PA, is turned on and off periodically following a DTX pattern.  NB DTX may disrupt the UE measurements and connection since the UE expects the NB to transmit continuously especially the downlink pilot, CPICH.   It is possible that some UEs can tolerate small interruptions in NB transmission.  However, the level of tolerance is not part of UE conformance test making it difficult to select a DTX pattern for the NB.

NB Discontinuous Reception (DRX) can also offer potential energy savings but it is expected that this savings will not be as significant as those in NB DTX.  In NB DRX, the NB receiver is turned on and off periodically following a DRX pattern.  In the current release, the UE expects the NB receiver to be active all the time and hence the UE is able to transmit whenever it has uplink traffic even when the UE is in DTx mode (e.g. CPC).
The issues in NB DTX/DRX highlighted above can be resolved if the NB DTX/DRX pattern is synchronised with those of the UEs’ DRX/DTX pattern [16].  In this way, the NB will only wake up from its DTX cycle to transmit when the UE wakes up from its DRX cycle.  Similarly, the UE will only wake up from its DTX cycle to transmit when the NB wakes up from its DRX cycle.  This requires the NB to dictate the UEs to follow a specific DRX or DTX pattern resulting in a common NB and UE DTX/DRX pattern as shown in Figure X1 or group specific DRX/DTX pattern as shown in Figure X2 [16].  The “wake up” period can be based on the System Frame Number (SFN).

The NB DTX pattern can be signalled to new releases of UEs.  However, NB is unable to dictate a specific DRX/DTX pattern via signalling to legacy UEs.  For legacy UEs in CELL_FACH DRX, the NB can manipulate the UEs’ H-RNTI such that they follow a specific DRX pattern [16].  
The NB is unable to change the DRX pattern of legacy UEs in CELL_PCH, URA_PCH and Idle Mode, since their paging occasions are dependent upon their IMSI.  The NB is aware of the presence of legacy UEs in CELL_PCH and hence it can add additional wake up periods in its existing DTX pattern so that they coincides with the legacy UEs’ paging occasion.  Since the NB is unaware of the presence of legacy UEs in URA_PCH and Idle Mode, they may face outage if their paging occasions do not coincide with any of the NB DTX pattern.  The outages can be reduced by increasing NB “wake up” period but this will reduce the amount of energy that can be saved.  Hence, there is a balance between legacy UE outages in these states and the amount of energy that can be saved.
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Figure X1: Common NB and UE DRx/DTx cycle
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Figure X2: Grouped based UE DRx/DTx cycle

Broadcast messages will be interrupted during NB DTX.  The periodicity and time in which the broadcast message is transmitted may need to be altered to support legacy UE.
For mobility, the NB can signal the DTX pattern of its neighbouring cell to new UEs.  The DTX pattern needs to take into account the SFN difference among the NBs.  The UE armed with knowledge of its neighbour cell DTX pattern can thus perform measurements on its neighbour on the relevant time or factor in the DTX pattern when performing filtering of the measurements [17].  When a UE cell reselects to a neighbour cell that is performing DTX, it can participate in the NB DTX process using knowledge of this NB DTX pattern.
Mobility for legacy UEs in Cell_DCH can be implemented by strategically waking up a NB that is performing DTX so that its signal quality can be measured [17].  For legacy UEs in Cell_FACH, a common (in time) DTX pattern for all DTX NB can be added to their existing patterns.  The NB can manipulate the UE identity (C-RNTI or H-RNTI) such that the UE’s Measurement Occasions coincide with the common DTX pattern.   The DTX NB can thus be moved into the inter-frequency cell info list so that it can be measured by legacy UEs in Cell_FACH during their Measurement Occasions [17].  
There is little mobility support for legacy UEs in Cell_PCH, URA_PCH and Idle Mode is limited since these UEs may perform searches during their DRX period and the NB is unaware of the presence of UEs in URA_PCH and Idle Mode UE.  The impact on legacy UEs in these states can be reduced by increasing the amount of “wake up” period at the NB.  Hence, there is a balance between legacy UE outages in these states and the amount of energy that can be saved.
7.1.2
Analysis of the concept

The NB DTX pattern may consist of the superposition of several UEs’ DRX cycle.  We define DTX duty cycle as the average length of time in radio frames where the PA (i.e. when DTX NB wakes up) is effectively turned on for one radio frame.  For example, in Figure X3 (yellow blocks indicate PA is turned on), within 128 radio frames, the PA is turned on for 4 radio frames and therefore the DTX duty cycle is 32.
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Figure X3: DTX cycle in a NB DTX pattern

The potential energy saving in a 24 hour period is analysed in [18].  Here a 24 hour RF loading profile from [15] is used and it is summarised in Table X1.

Table X1: Loading profile

	Loading
	RF Load
	Duration (hours)

	Busy
	0.5
	8

	Medium
	0.3
	10

	Light
	0.1
	6


It is further assumed in [18] that the PA input power is approximately constant and almost independent of the RF Load.  NOTE: This depends on PA implementation. 

It is not envisaged that NB DTX is performed during busy hours.  However, assume that NB DTX can be activated during light loading and for TDTX-Medium effective hours during medium loading.  The average PA power usage with DTX, PPA-DTX is:
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Equation X1
Where, PPA is the power of the PA and ProbPA-OFF is the probability that the PA is turned off.  ProbPA-OFF is dependent upon the DTX duty cycle.  The percentage savings in RBS energy, ERBS-SAVE over 24 hour period is thus:


[image: image5.wmf](

)

÷

ø

ö

ç

è

æ

+

=

÷

÷

ø

ö

ç

ç

è

æ

´

´

´

´

-

=

-

-

-

-

-

-

24

6

3600

24

3600

24

1

Medium

DTX

OFF

PA

RBS

PA

PA

DTX

PA

RBS

PA

SAVE

RBS

T

Prob

R

P

P

R

E


Equation X2
The ratio RPA-RBS is defined as:
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Equation X3
where, PRBS-AVG is the average daily RBS power usage.  The ratio RPA-RBS is thus the percentage of RBS power used by the PA and it is dependent upon RBS implementation.
Figure X4 are plots of ERBS-SAVE against RPA-RBS for different DTX Duty Cycles and TDTX-Medium, based on the loading profile in Table X1.  It can be observed that the additional savings that can be achieved using a NB DTX Duty Cycle higher than 16 (e.g. 256) are not significant (NOTE: UE may achieve higher battery savings with longer duty cycle).  If NB DTX is performed only during low loading, the energy saving is less than 25% (depending on RPA-RBS).  Additional energy savings can be achieved if the NB also performs DTX during medium load and in the extreme case (unlikely but possible) where NB DTX is activated at all times during medium loading, the potential energy savings is up to 66%.  

Since RPA-RBS is dependent upon RBS implementation, a range between 0.3 to 0.6, is assumed here for evaluation purposes.  The usage of NB DTX during medium loading is assumed to be not more than 5 hours (i.e. TDTX-Medium ( 5).  For a DTX Duty Cycle of 16, the potential savings using NB DTX ranges from 7% to 26%.
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Figure X4: Potential energy saving in RBS using NB DTX

7.1.3
Pros & Cons of the concept

Pros:

· Maintains communication with connected UE whilst saving energy

· Redirection of UE to an alternate network coverage (e.g. inter-RAT or inter-frequency) is not necessary

· Mainly software implementation

· Estimated savings of 7% to 26% of RBS daily energy usage
Cons:
· Limited support for legacy UE in CELL_PCH, URA_PCH and Idle Mode
· Modification to existing broadcast message may be required
7.1.4
Open issues of the concept

The impact and support for legacy UE in Cell_PCH, URA_PCH and Idle Mode needs to be analysed.
The transmission scheme for broadcast message to support legacy UE needs further analysis. 
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