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1. Introduction

In [1], a new work item for enhanced UE DRX was introduced in RAN#37. The objectives of this work item are copied from the work item description as follows:
The objective of this work item is to provide enhanced power saving mechanisms for the UEs and reduce the state transition related signalling load, by

· introducing support for a discontinuous reception scheme for CELL_FACH state 

· introducing support for an efficient state transition from CELL_FACH to CELL/URA_PCH state

· introducing support for an enhanced DRX method to CELL_DCH state in addition to the one provided in Release 7.

In addition, the work should guarantee that following objectives are met:

· The complexity and backward compatibility are considered. 

· The benefits outweigh the complexity impacts.

During the release 7 CPC work, there was discussion on whether intrafrequency measurement performance requirements should be modified when CPC DRX is active, and if so, how that should be done. In the end, a CR was agreed for release 7 [2], but it was also agreed to return to this issue in release 8, following the discussion paper in [3].  The purpose of this document is to present analysis on the requirements for intra frequency measurements, especially in light of the objective of the release 8 work item to “introducing support for an enhanced DRX method to CELL_DCH state in addition to the one provided in Release 7”

Although the details of the enhanced UE DRX scheme in CELL_DCH still have to be discussed and agreed in other working groups, we would anticipate that enhancement may involve longer DRX cycle lengths than in release 7 CPC. In release 7 signalling, the longest possible DRX cycle is 40ms, and it would be possible to receive for only one subframe (2ms), giving a minimum possible receiver activity level of 5%. This simplistic analysis neglects reference periods for CQI measurement and any possible TX or user activity, but nevertheless the 5% RX activity level is a configuration which is at least allowed by release 7 signalling.
In release 8 it is anticipated that longer DRX cycles of the order of several hundreds of milliseconds could be a possibility, and for the purposes of this analysis it is assumed that even longer DRX cycles up to the order of several seconds may be allowed, although the feasibility of such long DRX cycles would need to be checked by RAN1. The purpose of this discussion paper is to try to facilitate RAN4 to begin some work in parallel to other working groups but we appreciate that some aspects of this parallel work might still need to be revisited depending on the decisions made in other WGs.
2. Summary of release 7 CPC DRX intrafreqency requirements
In the release 7 CR [2], it was agreed to treat gaps in reception due to DRX in a similar way to gaps in reception due to compressed mode gaps. Since this  change could lead to rather long cell identification times of  up to (1/0.05)*800ms = 16s, it was also agreed to improve Tbasic_identify from 800ms to 300ms, which gives the worst case cell identification time in release 7 of 20 * 300ms = 6 seconds. The side conditions in which cells are considered detectable are also modified to SCH_Ec/Io>-17dB CPICH Ec/Io >-17dB.
In [3], an alternative approach was proposed where CPC DRX state was considered as similar to idle mode. It was proposed that a threshold would be signalled to the UE, denoted by CPC-Sintra. When the Ec/Io is below CPC-Sintra, a newly detectable cell should be detected by the UE within the basic identification time of 800ms. When the Ec/Io is better than CPC-Sintra, a relaxation of the identification time is given by basic identification time/CPC_measurement_activity, where CPC_measurement_activity is proposed to be signaled to the UE by UTRAN.
Similarly, two alternative considerations to the number of detected cells that can be measured and reported to the higher layers within a 200ms measurement period are given in [2] and [3].

3. Analysis of field measurement results

In an attempt to analyse more deeply the need for rapid cell identification, some field measurements were analysed.

 These were performed in an urban environment in the UK on three different commercial UTRA networks. We considered that the buildings in an urban area were important to maximise shadowing effects and ensure that the cells visible to the UE are as dynamic as possible. We also felt that it was important to look at a number of different networks since the mobility tuning and optimisation may differ between different network operators.

UE speed for the tests was around 50km/h in the testing which may be typical for an urban environment. Faster routes such as motorways and train tracks through urban environments may have dedicated roadside or trackside node-Bs and shadowing by buildings may be less of an issue
The basic measurement was made with UE in a release 99 DCH voice call, and the time difference from when cells are first detected to the time when they are added to the the active set. It is assumed that prior to the addition of a cell to the active set, it would make a negligible contribution to the overall UE performance in soft handover, i.e. the tuning and operation of release 99 soft handover is well optimised. Cells which are detected by the UE, but which are never subsequently added into the active set in a particular call are ignored for the purpose of this analysis.
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Figure 1: CDF of the time taken from detection of a cell to the time when it is added to the active set.

Figure 1 shows a cumulative distribution of the time taken from the detection of a cell to when it is added into the active set. It is assumed that this is when it first becomes significant from a performance point of view. This time difference therefore gives some indication of how critical it is to detect intrafrequency cells rapidly.

Considering release 7 CPC, as mentioned in section 2, the worst case cell identification time is 6 seconds for a 5% receiver activity factor. From the CDF in figure 1, we can see that just over 10% of active set updates would be expected to happen within 6 or less seconds of cell detection. We consider that delaying such active set updates to approximately 6 seconds after the cell has become detectable may have some very minor impact to performance, but we would emphasise that this configuration is the most extreme one which the release 7 signalling allows, and even for this configuration the number of active set updates which would be significantly affected appears to be rather small. Based on this analysis, we believe that the intrafrequency cell detection minimum performance requirements which were defined in release 7 are reasonable.
It is also clear, however, from the curve in figure 1 that extension of the release 7 approach to longer DRX cycles may not be appropriate. For example, if the intra frequency cell detection time was increased to 20s, then approximately 50% of all active set updates would be impacted by the slower cell detection. This suggests that a different approach should be used in release 8, especially if DRX cycles of the order of several hundred milliseconds or even a few second are considered as an enhancement to release 7 CPC DRX.

4. Comment on number of cells which may be measured in 200ms period

Although no similar detailed analysis was made of field logs, we believe that it is important that a reasonable number of detected cells can be measured and reported to the higher layers within the 200ms measurement period, since at any time a previously weak cell may start to become strong enough to be considered for addition to the active set, or may even become the strongest cell and suitable to become HSDPA or E-DCH serving cell. This may be especially true in urban environments. From this point of view, we feel that it is important to provide a reasonable measurement capability for Ymeasurement_intra and maintain the 200ms measurement period between L1 and the higher layers in the measurement model, even when DRX is active. We note that measurement reports may be transmitted at any time on DTX_cycle_1, even if DTX cycle 2 is currently active, provided that a long preamble is used. 
Since measurement of known cells is typically a much faster operation than detection of unknown cells, our view is that a sufficient number of cells should be measured within each 200ms period, even if the DRX cycle is configured to be 200ms or longer. For DRX cycles longer than 200ms, this suggests that the UE will sometimes need to power the receiver on even if there is no need to do so from an HS-SCCH reception point of view. The amount of activity that will be need to be spent during each 200ms to meet 25.133 measurement accuracy requirements is implementation dependent, but we believe that even with some additional receiver activity for this purpose the power saving benefits of UE enhanced DRX will not be greatly impacted.
5. Comments on scalable intrafrequency RRM requirements

In the Nokia CR in [2], the intra frequency cell identification time and Ymeasurement_intra are scaled according to the amount of time that DRX is active for. In the alternative proposal in [3], a signalled scaling factor denoted by CPC_measurement_activity is proposed.
It may be quite difficult to take advantage of these scaling factors in the UE algorithm design phase, especially when the scaling factor, or the receive activity factor is much less than one, since, in practice the identification time and number of cells that can be measured are not linearly related to the amount of receiver time that is used to make the measurements. For example, it is clear that the S- SCH phase cell identification cannot be performed for release 7 CPC with adequate performance in a single subframe 2ms (3 slots) as was discussed in [3]. If the period between measurement opportunities is an exact multiple of 10ms then the detection performance will be different than if the period between detection opportunities is a non-integer multiple of 10ms.

For release 7 this is a pure implementation issue since 25.133 gives the minimum detection performance (S-SCH Ec/Io = -17dB) and UE manufacturers will have to design to meet the minimum performance requirement regardless of the scaling factor which comes from the CPC DRX activity factor. But it may mean that the scaling factor is not able to be used to full advantage, and the design considerations for scheduling intrafrequency cell detection to meet these scalable requirements in an optimal way are rather complicated, especially as the actual DRX pattern depends on many factors such as signaled parameters and user data activity.
When it comes to signaling the scaling factor as an RRC parameter, we believe there are some additional considerations. Firstly, all parameters that are signaled today have a clear functional impact on the UE, whereas the proposed CPC_measurement_activity parameter would only have any impact on the minimum performance that the UE is expected to meet and would not make any difference to the functional behavior of the UE. As such, the UE would be free to ignore the signaled parameter, and meet the unscaled performance requirement if it wished to. An additional issue relates to the network tuning of such parameters. An aggressive setting of the scaling parameter will result in poor system performance, whereas a conservative setting will only result in increased UE power consumption. So it seems that there is more of an incentive for infrastructure vendors and network operators to play safe with the value used for this parameter, rather than to optimise it for as low as possible UE power consumption. When one considers that there may be differences in UE performance (since RAN4 only specifies minimum requirements), the optimisation will anyway have to be done for the poorest performing UE and may be pessimistic for a better performing UE.
An additional consideration relates to the testing with scalable parameters. If testcases are to be developed, it is not obviously clear what is the most demanding scenario, since it will depend on many aspects of UE implementation.

Based on these considerations and the field measurements in figure 1, we do not believe that a further extension of the scaling factor concept for cell identification or number of cells that can be measured would be beneficial in release 8 with enhanced UE DRX. Our preference would be to have a fixed intrafrequency cell detection time and number of cells which can be reported in a 200ms period for any release 8 enhanced UE DRX scheme, rather than a scalable one. The DRX requirements may be relaxed from those applicable with continuous reception to allow for power savings but anyway, should still be chosen to give reasonable intrafrequency mobility performance.

6. Comments on threshold for making intrafrequency measurements

We believe that this is an interesting concept, which could be further considered for release 8 enhanced UE DRX. However, there are a number of issues which might need additional consideration:
· How frequently should the evaluation against CPC-Sintrabe performed. This dictates the minimum rate at which Ec/Io measurements on the CPICH of active set cells need to be performed. In our view, updates should be performed rather frequently even if the DRX cycle is long (e.g. several seconds) since the radio conditions can change rather suddenly and good mobility is more important in cell-DCH state than in idle mode. Since we believe that the 200ms reporting period  to the higher layers is still important with long DRX cycle lengths, we propose this  measurement and evaluation could still be performed every 200ms regardless of DRX cycle length.

· Since the serving (and possibly other active set) cells need to be measured reasonably frequently, the power saving benefits from not measuring other intrafrequency cells at the same time might not be so significant. However, suspending searches for new cells and intrafrequency cell detection may yield some worthwhile power savings if some criteria can be found which indicates the quality of current serving cells and active sets are sufficiently good.
7. Proposal for release 8 enhanced UE DRX

In this section, we attempt to put all the discussion into one concrete proposal as a starting point for further consideration by RAN4 for release 8 DRX
1. Whenever DRX is active, a different Tbasic_identify could be used which allows some additional opportunities for power saving. Our preference would be that the actual identification time is not further scaled by either the actual receiver activity factor, or some signalled activity factor. It should, nevertheless, be scaled for any interfrequency measurement gaps which are required, in the same way as has been done since release 99.

2. From the field studies performed, we believe that an appropriate Tbasic_identify when DRX is active could be of the order of 3 seconds to allow for some power saving opportunity whilst still giving reasonable mobility performance. We would appreciate feedback on whether such a value would be appropriate. 

3. When DRX is active, a different Xbasic measurement FDD could be used, which may allow some additional opportunities for power saving. Our preference would be that Ymeasurement_intra is not further scaled by either the actual receiver activity factor, or some signalled activity factor. It should, nevertheless, be scaled for any interfrequency measurement gaps which are required, in the same way as has been done since release 99. Measurements should still be reported from L1 to the higher layers every 200ms regardless of UE DRX cycle length

4. We do not have a proposal for a value for Xbasic measurement FDD when DRX is active. We would be able to agree to make no compromise for DRX in this area, i.e. Xbasic measurement FDD=8 cells even when DRX is active, since we think that it is important to be able to measure a reasonable number of cells in 200ms period, As previously mentioned it is hard to predict which of the detected set cells might suddenly become strong. We also do not believe that compromises to Xbasic measurement FDD would yield large power savings, since the measurement of CPICH of a known cell can be done relatively quickly compared to detection of a new cell.
5. We believe that further work on a concept where a threshold such as CPC-Sintra could be considered for enhanced UE DRX in release 8. However, the benefits of such a scheme should be further understood, since at least the CPICH of the serving and active set cells may still need to be measured fairly frequently to ensure that they have not become significantly degraded.
8. Conclusions

This paper has described a number of considerations for intrafrequency mobility with enhanced UE DRX. We believe that it is important to provide significantly better mobility in cell_DCH state than in idle mode, even if similar DRX cycle lengths would be used in both modes.

We welcome feedback on the considerations presented in this paper, and especially the proposal in section 7. Since other working groups still have to work on the basic functionality of UE enhanced DRX in cell DCH state for release 8, it may be rather premature to consider a CR to 25.133 until further details are available. Nevertheless, to allow rapid development of the RAN4 requirements once the other working groups have progressed the work, it would be good to get some indication of whether the proposals presented appear to be a good way forward.
Finally, we note that there is also an objective of the work item to introduce for a discontinuous reception scheme for CELL_FACH state. We believe that some similar work may also be required in this area. Since the basic interfrequency requirements are rather similar in continuous reception of cell_FACH to those of continuous reception in cell_DCH, we believe that a similar approach to that proposed for cell_DCH with DRX could also be considered for cell_FACH with DRX However, we still plan to make more detailed analysis in this area.
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