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1          Introduction

This T-doc is a text proposal to Section 7 of TR25.927 on the Energy Savings concept using synchronised NB-UE DTX/DRX presented in [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.  This requirement is described separately for new and legacy UEs.

7.1.1.1 New UE

It is envisaged that NB will not perform DTX/DRX if UEs are in Cell_DCH.  In other states, when the network deems that the traffic (downlink or uplink) is low, the network could signal (or broadcast) to all new UEs in the cell to move them into (a common) DRX/DTX pattern.  Since the NB would then know that no UE would transmit or receive anything during the common DTX or DRX periods respectively, the NB could become inactive and shut off its transmitter and/or receiver.  A simple mechanism for the UE and the NB to determine their common “wake up” periods is to base them on the SFN similar to current UE DRX implementation.  This is shown conceptually in Figure X1, where each UE will “wake up” at a common and known SFN dictated by the network.  As with all DRx/DTx schemes, the periodicity of the DRX/DTX could be set appropriately to ensure that communication could be maintained with the UEs within a satisfactory latency.  This avoids needing to rely on an alternative coverage (e.g. another frequency or another RAT), which is beneficial for operators that do not have alternate coverage.


[image: image1.emf] 

UE  1   SFN  

DRx (or DTx) Cycle Length  

SFN   NB  

UE  2   SFN  


Figure X1: Common NB and UE DRx/DTx cycle
The UE DRX or NB DTX cycle can be extended beyond 4096 radio frames (maximum SFN length) by virtually extending the SFN.  Here the UE and NB each keeps an internal counter which is incremented whenever the SFN is incremented and does not wraps around when SFN reset to 0.  This would enable the NB and UE DRx/DTx cycle to be as long as desired (within practical constraints).  

If there is a very large number of UEs in the cell (as might be the case with Machine Type Communication (MTC) devices, for example), all the UEs “waking up” at the same time to access the network might overload the NB.  For such cases, the NB can still benefit from a common DRX/DTX cycle by grouping the UEs into different DRX/DTX cycles, for example by staggering their cycles as shown in Figure X2.  Here the UEs have a fixed DRx/DTx cycle length of TUE (which need not be fixed) and the resultant NB DRX/DTX cycle length is TNB, which is smaller than TUE.
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Figure X2: Staggered UE DRx/DTx cycle

If the “wake up” periods of the UEs are the same, the common DRx/DTx cycle shown in Figure X1 would offer higher energy savings than that in Figure X2 since in the staggered UE DRx/DTx cycle (i.e. Figure X2), the NB has to “wake up” for a longer period.

For mobility, the NB can signal the DTX pattern of its neighbouring cell.  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.
7.1.1.2 Legacy UE

In Release 8, UE DRX is introduced for Enhanced Cell_FACH where each UE “wakes up” if the SFN is true in Equation X1 [12].

(SFN – H-RNTI) mod DRX_cycle_HSDPA < Rx_burst
Equation X1: DRx in Enhanced Cell_FACH
It is observed in Equation X1 that all parameters except for H-RNTI can be made common.  Given the mod function Equation X1, the gap (in radio frames) between two UEs’ DRx cycle with H-RNTI_1 and H-RNTI2 is [16]:

Gap = |(H-RNTI_1 mod DRX_cycle_HSDPA) – (H-RNTI_1 mod DRX_cycle_HSDPA )|

Equation X2: Gap between two UEs’ DRx cycle

Hence, from Equation X2, the UEs can be made to perform a common DRx cycle if their H-RNTI are as follows:

X + n*DRX_cycle_HSDPA, for n = 0, 1, 2, …
Equation X3: H-RNTI for a common NB & UE DRx cycle
A staggered UE DRx cycle such as that shown in Figure X2 can be achieved if the UEs’ H-RNTI are:

X + m*DRX_cycle_HSDPA + n, for n = 0, 1, 2, … and m is an integer

Equation X4: H-RNTI for a staggered UE DRx cycle

The UE H-RNTI can be reconfigured by the network if necessary to achieve the desired DRx cycle.  Using this approach, the NB can perform DTX in a similar manner as that for new UEs.by moving Release 8 and post Release 8 UEs into Enhanced Cell_FACH.  However, the NB DTX cycle cannot be made arbitrarily long since these UEs would be unable to utilise a virtual SFN and would therefore be limited to cycles of 32 frames at most.

Pre-Release 8 UE can perform DRx in Cell_PCH, URA_PCH and Idle mode.  Since the NB is only aware that UEs in Cell_PCH are connected to it, the NB can move pre-Release 8 UEs into Cell_PCH.  The UE DRx is dependent upon its Paging Occasion as described in Equation X5 for FDD.

Paging Occasion = {(IMSI div K) mod DRX_cycle_length} + n * DRX_cycle_length + Frame_Offset
Equation X5: Paging Occasion for FDD

The Paging Occasion is dependent upon the UE’s IMSI, which cannot be reconfigured by the network.  However, the UE DRX cycles in Cell_PCH (and URA_PCH) are known to the NB and the NB can add additional DTX pattern on top its existing DTX pattern, so that this additional pattern coincides with the UE Paging Occasion.  
The NB is unaware of the presence of Idle Mode UE.  The Idle Mode UE is only able to camp onto the NB if its Paging Occasion coincides with part of the NB DTX pattern.  Hence there is limited support for legacy UE in Idle Mode.
An example of a NB DTX pattern with UE of different releases are shown in Figure X3.  Here UE1 and UE2 are new UEs that is aware of the NB DTX pattern.  There are given specific DRX pattern which has long DRX cycle.  UE3 and UE4 are post Release 8 UEs and are move into Enhanced Cell FACH where their H-RNTI are assigned such that their DRX pattern coincide with those of UE1 and UE2 (new UEs).  UE5 and UE6 are pre-Release 8 UEs and are moved into Cell_PCH.  The NB is aware of their Paging Occasion and hence the NB can add DTX patterns such their the Paging Occasion coincides.  Finally UE7 is in Idle Mode and the NB is unaware of its presence.  However, in this case UE7 Paging Occasion coincides with part of the NB DTX pattern and hence it is able to camp onto this NB.
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Figure X3: NB DTx pattern with UE of different releases
Mobility in Cell_DCH state is determined by the network based on UE measurement reports and event triggers.  To enable a UE in Cell_DCH state to handover to a neighbour DTX NB, the network needs to “wake up” this neighbour DTX NB so that the UE can perform measurement on it [17].  The network only needs to wake up a DTX NB when the UE needs to perform handover and none of the non-DTX neighbour cells’ signal quality are acceptable.  The network only wakes up relevant DTX NBs, that are potential handover targets to minimise the amount of DTX NB wake up time. 
In Cell_FACH, the UE performs inter-frequency measurements using Measurement Occasions where the UE tunes its receiver to another frequency listed in the inter-frequency cell info list.  The SFN where the UE has a Measurement Occasion is calculated as [12]:

SFN div N = C_RNTI mod M_REP + n*M_REP
Equation X6
where

· N is the TTI (in number of 10 ms radio frames) of the FACH having the largest TTI on the selected SCCPCH.  This basically determines the length (in radio frames) of the Measurement Occasion

· C_RNTI is a 16 bit identity of the UE at the cell level.  

· M_REP is the Measurement Occasion cycle length and is calculated as M_REP = 2k, where k is the FACH Measurement Occasion Cycle Length Coefficient which is broadcast to the UE.

· n=0, 1, 2, .. as long as SFN is below its maximum value of 4095

If the UE is operating under Enhanced Cell_FACH, the SFN where a Measurement Occasion occurs is calculated as:

SFN = H-RNTI mod M_REP + n*M_REP
Equation X7
where, H-RNTI is a 16 bit HSDPA identity for the UE that is assigned by the network.  The variables in Equation X6 and Equation X7 can be controlled by the network and hence, the network can impose a common Measurement Occasions for all Cell_FACH UEs by manipulating the C-RNTI and H-RNTI.  The UE can perform measurements on DTX NBs if their transmissions occur at the same time as the UE Measurement Occasion.  Since, Measurement Occasion is intended for inter-frequency cells, intra-frequency cells that are performing DTX can be included into the inter-frequency cell info list to ensure that UE also perform intra-frequency measurements on DTX NB.
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Figure X4: Network enforced a common "wake up" period.

The DTX patterns among NBs are likely going to be different and not synchronised since the SFN among NBs are not in-sync.  To ensure that the UEs’ Measurement Occasion coincide with DTX NBs’ transmission period, the network can enforce an additional DTX pattern to all the DTX NB of interest (note, it does not need to enforce this on all DTX NBs) such that they form a common “wake up” period.  The network needs to take into account the SFN difference among the NB and signal the appropriate DTX pattern to the NB of interests.  An example is shown in Figure X4 where NB1, NB2, NB3 and NB4 each have a different DTX pattern.  The network enforce a common “wake up” period, in the form of an additional DTX pattern overlaid onto each DTX NB’s existing DTX pattern (shown  as blocks with horizontal lines).  The network can use a reference SFN (shown as SNFREF in Figure X4) to determine the DTX pattern for each NB such that they all align in time.  The network also needs to inform each NB the appropriate Measurement Occasion parameters to use such that the UE’s measurement occasions will align with the DTX NBs’ common “wake up” period.

Given these, the legacy UEs in Cell_FACH can perform measurements on DTX NB even if these UE are served by a DTX NB and apply the appropriate filtering for these measurements.  These measurements can thus be used for cell reselection purpose.  A DTX NB cannot perform DRX since a legacy UE that has cell reselected to it needs to send a Cell Update.  The DTX NB may need to wake up temporarily (without affecting the existing UEs’ DRX cycle) to direct this UE into DRX mode.

In Cell_PCH, URA_PCH and Idle mode, the UE is in DRX mode and wakes up during its Paging Occasion.  The Paging Occasion is a function of the UE IMSI and hence cannot be manipulated by the network to follow a common cycle, unlike those in Cell_FACH state.  However, for UEs in Cell_PCH and URA_PCH states, the network is aware of their DRX pattern and their (approximate) locations.  The network can further enforce DTX pattern to the DTX NBs of interest, where the DTX pattern will coincide with as many Paging Occasions as possible.  Since introducing addition DTX pattern will reduce the NB’s energy savings potential, the network needs to balance the energy saving potential and the level of Cell_PCH/URA_PCH outages.

Mobility for UE in Idle mode has limited support since the NB is unaware of its presence.  
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 X5 (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 X5: DTX cycle in a NB DTX pattern

Figure 6 is a plot of the probability that a PA is turned off, ProbPA-OFF when a NB is performing DTX against the DTX Duty Cycle.  The savings in energy during a DTX Duty Cycle is thus the energy consumed when the PA is turned off multiply by ProbPA-OFF.  It is observed that ProbPA-OFF is above 0.9 when DTX Duty Cycle is above 10.
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Figure 6: Probability PA is turned off against DTX Duty Cycle

To evaluate the potential energy savings, a 24 hour RF loading profile from [15] is used and it is summarised in Table 1.

Table 1: Loading profile

	Loading
	RF Load
	Duration (hours)

	Busy
	0.5
	8

	Medium
	0.3
	10

	Light
	0.1
	6


The PA input power is approximately constant and almost independent of the RF Load.  Let the power of the PA be PPA.   Define the ratio RDTX as:
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Equation X8
where, PPA-OFF is the PA power consumption of the PA when it is inactive (i.e. turned “off”).  The ratio RDTX measures the effectiveness of NB DTX and it is dependent upon network vendor 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 X9
Assume that RDTX << 1, PPA-DTX becomes:
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Equation X10
The percentage savings in RBS energy, ERBS-SAVE over 24 hour period is thus:
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Equation X11
The ratio RPA-RBS is defined as:
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Equation X12
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.

Figure X7 are plots of ERBS-SAVE against RPA-RBS for different DTX Duty Cycles and TDTX-Medium, based on the loading profile in Table 1.  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 X7: 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 Idle Mode
7.1.4
Open issues of the concept

Support for legacy UE in Idle mode needs to be analysed.
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