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1          Introduction

The approved Study Item on Energy Saving for UMTS [1] aims at identifying potential solutions that enable energy saving within UMTS NB.  The energy saving solutions may be backwards compatible or non-backwards compatible toward legacy UEs; in the case of non-backward compatible techniques the impact must be very carefully evaluated.

The NB transmitter, particularly the Power Amplifier (PA) is one element that consumes a significant amount of power and hence, a NB ability to perform Discontinuous Transmission (DTx) is an attractive option [2].  This T-doc investigates the NB DTx/DRx for energy saving.
2          NB DTx/DRx
NB DTx involves periodically shutting down the transmitter, specifically the PA.  Frequent switching on and off of the PA may have a negative impact on its MTTF (Mean Time To Failure).  Assuming this can be overcome, performing DTx at the NB may disrupt the UE measurements and connection since the UE expects the NB to be transmitting continuously.  It is possible that some UEs can tolerate small interruptions in NB transmission.  Since the level of tolerance may not be the same among UEs, the NB is likely required to cater for the UE with the lowest tolerance and this will reduce the energy savings benefit significantly.

In NB DRx, the NB shuts off its receiver periodically.  However, 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 highlighted above can be handled if the NB is able to dictate the UE DRx/DTx cycles.  This is possible for new UEs but this may have backwards compatibility issues.  In this section, the NB DRx/DTx is investigated for new UEs and legacy UEs.
2.1 New UEs

It is expected that the NB will not peform DRx/DTx when the UEs are in Cell_DCH state since the traffic is likely to be high.  If the UE traffic is low, the NB can move the UE into Cell_FACH or Enhanced Cell_FACH.  When the network deems that the traffic (downlink or uplink) is low, it could in general be beneficial if the network could broadcast to all UEs in the cell to move them into a common DRx/DTx cycle.  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 1, 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.
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Figure 1: Common NB and UE DRx/DTx cycle
It is obvious that the longer the DRx/DTx cycle length is, the higher the amount of savings.  Since the SFN is limited to 4096 radio frames, an SFN-based cycle would have a limit of 40.96 seconds on the DRx/DTx cycle length.  The SFN could be increased by increasing its number of bits as suggested in [3].  Alternatively, a virtually extended SFN could be used, using an internal counter at the UE and NB.  This virtual SFN would be larger than 4096 and would be incremented when SFN increases, so it would not wrap 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 [4], 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 2.  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 2: Staggered UE DRx/DTx cycle

If the “wake up” periods of the UEs are the same, the common DRx/DTx cycle shown in Figure 1 would offer higher energy savings than that in Figure 2 since in the staggered UE DRx/DTx cycle (i.e. Figure 2), the NB has to “wake up” for a longer period.

2.2
Legacy UEs
Legacy UEs can be divided into:
· Release 8 and Post Release 8 UEs

· Pre-Release 8 UEs
2.2.1
Release 8/Post Release 8 UEs
In Release 8, DRx is introduced for Enhanced Cell_FACH, where each UE “wakes up” if the SFN is true in Equation 1 [5].
(SFN – H-RNTI) mod DRX_cycle_HSDPA < Rx_burst
Equation 1: DRx in Enhanced Cell_FACH
It is observed in Equation 1 that all parameters except for H-RNTI can be made common.  Given the mod function Equation 1, the gap (in radio frames) between two UEs’ DRx cycle with H-RNTI_1 and H-RNTI2 is:

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

Equation 2: Gap between two UEs’ DRx cycle

Hence, from Equation 2, 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 3: H-RNTI for a common NB & UE DRx cycle
A staggered UE DRx cycle such as that shown in Figure 2 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 4: 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 described in Section 2.1 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.
2.2.2 Pre-Release 8 UEs

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 5 for FDD.

Paging Occasion = {(IMSI div K) mod DRX_cycle_length} + n * DRX_cycle_length + Frame_Offset
Equation 5: 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 are known to the NB and if the number of pre-Release 8 UEs is small enough, there may be gaps between UE DRx cycles for the NB to perform DTx.

2.3 Mixture of UE Releases

During the introduction of Energy Saving features in the network, it is likely that each cell will contain a mixture of UEs with different releases.  When the network deemed that the traffic is low enough to justify a DTx, it would have to move pre-Release 8 UEs into Cell_PCH and determine their DRx cycle.

Once the DRx cycle was known for pre-Release 8 UEs, the network could manipulate the Release 8 and post Release 8 UEs H-RNTI so that their “wake up” periods coincided with those of pre-Release 8 UEs.  The network could then instruct the new UEs such that their “wake up” periods also coincided with those of pre-Relase 8 UEs.

An example of this is shown in Figure 3, where a cell contains 7 UEs with the following releases:

	UE ID
	Release/Type

	UE1
	New

	UE2
	New

	UE3
	Release 8/ Post Release 8

	UE4
	Release 8/ Post Release 8

	UE5
	Pre-Release 8

	UE6
	Pre-Release 8

	UE7
	Idle mode or URA_PCH state


The network firstly determines the DRx cycles for UE5 & UE6 and configures UE1 and UE3 DRx cycles such that some of their “wake up” periods coincide with that of UE5.  UE2 and UE4 DRx cycles are configured such that their “wake up” periods follow that of UE6.  The resultant NB DRx pattern is shown in Figure 3.
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Figure 3: NB DTx pattern with UE of different releases
UE7 is in Idle mode (or URA_PCH) and the NB is not aware that this UE is attached to it.  If there is a paging for this UE, the NB can choose to ignore it.  However, if the paging occasion of this UE coincides with the NB “wake up” period, as in the example in Figure 3, then the NB can page this UE (i.e. UE7 in Figure 3).
2.4 Impact on mobility 
New UEs are aware that NB can be in DTx and hence will be able to adjust their measurements for neighbouring NBs and thereby perform cell reselection in spite of the discontinuous transmission of the CPICH and SCHs.  However, a legacy UE may not be able to detect or not consider a neighbouring NB that is performing (extended) DTx.   Since legacy UEs may reduce potential power savings at the NB, such restrictions on inbound mobility for legacy terminals might be a price that has to be paid for the realisation of significant network energy savings in UMTS. 

In deployments where such impacts are unacceptable, the largest energy savings that arise from cell DTX may not be achievable. In such situations, other existing techniques offering smaller energy savings would be preferred, such as switching off antennas (e.g. switching off a diversity antenna or MIMO antenna if one is configured), or switching off carriers in the case of DC-HSDPA or 4C-HSDPA. Due to the design of DC-HSDPA and 4C-HSDPA, surplus carriers should be able to be deactivated dynamically, whereas switching off a NB antenna would necessitate a reconfiguration. 
3          Conclusions  
NB DRx/DTx as a means for energy saving is investigated.  It is concluded that energy saving using NB DRx/DTx would be most effective if a common cell-wide DRx/DTx pattern could be used .  Energy saving via NB DTx may be possible for legacy UEs by reconfiguring their H-RNTI and tracking their DRx cycle.

The price for such energy savings would be restricted inbound mobility for legacy UEs. Therefore, existing techniques, such as switching off carriers or NB antennas, could also be considered, giving smaller energy savings .
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