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1          Introduction

During the SI on Energy Saving for UMTS [1], NB DTX has been discussed as one of the ways to save energy at the Radio Base Station (RBS) [2] [3].  Although it looks attractive, mobility for legacy UEs may be an issue [2].  UE handover and cell reselection is based upon CPICH measurements of its neighbour cells.  However, the CPICH transmission in a NB that is performing DTX has periodic interruptions which will impact the UE measurements and mobility into the NB that is using DTX.  This T-doc investigates the measurements required for mobility into a DTX NB for new and legacy UEs.
2          Mobility for New UEs
A new UE is defined as a UE that is aware of its serving NB DTX pattern and is able to execute a DRX pattern signalled by the network.  In addition to the UE serving NB DTX pattern, its neighbour NB DTX patterns (including the SFN offsets) can also be signalled to the UE.  With knowledge of its neighbour NB DTX patterns, the UE is able to estimate the CPICH power of its neighbour cell since it knows when to expect the CPICH and can therefore still perform DTX NB cell search.

The DTX pattern may not be the same among the NBs.  A UE connected to a DTX NB may be performing DRX and hence it may not be able to “capture” its neighbours’ CPICH signal.  To enable this UE to measure a cell in a DTX NB, the UE can “wake up” when its target cell is transmitting using the knowledge of its neighbour DTX pattern to perform measurement.  Alternatively, especially if there are more than one neighbour cell to measure, the UE can exit its DRX mode to perform measurements.  The UE needs only to “wake up” or exit its DRX mode when its serving cell CPICH quality falls below a threshold, indicating a need for cell reselection.  NOTE: The NB does not need to exit its DTX mode if a (new) UE under its coverage exits from its DRX mode.
When a new UE moves into a NB performing DTX, with prior knowledge of the target cell DTX pattern, the UE can instantly participate in this new DTX/DRX mode.
3          Mobility for Legacy UEs

Legacy UEs do not expect NB to perform DTX and hence will perform measurements with the assumption that the CPICH from its neighbour cells is sent continuously.  The UE performs layer 3 filtering on CPICH measurements and will produce a lower signal strength measurement for CPICH with interruptions due to NB DTX.  It is also possible that the UE may not detect a NB that is performing DTX.  The mobility is investigated for UE in Cell_DCH and in non Cell_DCH states.
3.1
NB DTX Mobility in Cell_DCH State
A UE in Cell_DCH is expected to be receiving high data throughput and hence it is not envisaged that the NB serving it will perform DTX.  A UE in Cell_DCH will send trigger events and measurement reports to the network for mobility purposes.  Based on these measurement reports and event triggers (e.g. Event 2X where the UE measured serving cell pilot falls below a threshold), the network can determine whether the UE needs to perform handover.  When a handover is required, the network can “wake up” neighbour NBs from DTX mode and this will allow the UE to measure the cells from these NBs that were previously performing DTX.  The UEs from the DTX NB that has woken up can continue to perform DRX since the NB does not need to send any data packet during these UE sleep period.  The network should minimise waking up DTX NB, that is, it only needs to wake up a DTX NB if none of the neighbour cells signal quality is sufficient for the UE to handover to.
The network does not need to wake up all neighbour DTX NBs and some intelligence can be applied in the selection.  For example, in Figure 1, NB3 and NB 5 are in DTX.  The UE measurement report will show that the signal from NB4 and NB6 are stronger than that in NB2 and hence the network, knowing that NB5 is at the vicinity of NB4 and NB6, will decide to wake up only NB5 (NB3 can continues to DTX).  This process can be aided with UE positioning reports.  Since the network is aware of the NB DTX pattern, it can also factor in the DTX pattern to estimate the CPICH signal quality that is “corrupted” with DTX from the UE measurement report and use this as an input in deciding which DTX NB to wake up.  Since the network decides which cell the UE hands over to, the network can resume a NB DTX that it has previously woken up, if this NB is no longer a potential target cell.
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Figure 1: Network deciding which DTX NB to wake up
3.2 NB DTX Mobility in non Cell_DCH States
UEs in non Cell_DCH states (Cell_FACH, Cell_PCH, URA_PCH and Idle mode) perform measurements on their neighbour cells, which are use for cell reselection.  However, unlike Cell_DCH state, UE in non Cell_DCH states do not send measurement reports to the network.  Also, in non Cell_DCH states, the target neighbour cell is selected by the UE rather than by the network in Cell_DCH state.  For non Cell_DCH states, we analyse mobility in Cell_FACH state and the remaining states (Cell_PCH, URA_PCH and Idle mode) separately.

3.2.1
Cell_FACH
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 [4]:
SFN div N = C_RNTI mod M_REP + n*M_REP
Equation 1
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 2
where, H-RNTI is a 16 bit HSDPA identity for the UE that is assigned by the network.  The variables in Equation 1 and Equation 2 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 2: Network enforced a common "wake up" period.

In [2], to ensure that legacy UEs are able to operate in a DTX NB, the NB DTX pattern is constructed such that they overlap with as many Paging Occasions as possible.  Given this and the fact that SFN among NBs are not synchronised, the NB DTX patterns are likely to be different between NBs from a UE point of view.  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 2 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 2) 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.

To support legacy UEs, a DTX NB cannot perform DRX since a 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.
3.2.2
Cell_PCH, URA_PCH and Idle 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.
The network is unaware of UEs in Idle mode and these UEs will only be able to camp onto a DTX NB if its DTX pattern coincides with the UE’s Paging Occasion.  Similarly, only neighbour cells with DTX patterns coinciding with Idle mode UEs’ Paging Occasion can be measured by them.  Hence, NB DTX offers limited support for legacy Idle Mode UEs. 
4          Conclusion

The mobility of UEs into cells with NB performing DTX is investigated in this T-doc.  For new UEs that are aware of NB DTX, neighbour DTX pattern is signalled to these UEs to aid their measurement and mobility functions.  
For legacy UEs in Cell_DCH and Cell_FACH states, the network can enforce strategic “wake up” periods on DTX NBs to enable the legacy UEs to perform measurements on them.  Further DTX pattern or “wake up” periods can be added to DTX NB to support legacy UEs in Cell_PCH, URA_PCH and Idle Mode UE but for UEs in these states, outages may occur.
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