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1. Introduction
In previous meetings, RAN4 has discussed the appropriate performance requirements for LTE measurements when the UE is configured with large DRX, for example in [1],[2] and [3]. In [1], it was proposed to define the cut-off between small and large DRX as 80ms, with DRX cycles of less than 80ms being considered as so called “small” DRX cycles for which normal LTE mobility requirements are applicable. One justification given in [1] for the 80ms cut-off is that for DRX cycles of less than 80ms, and assuming one intra frequency measurement opportunity per DRX cycle and the need for 4-5 L1 measurement samples per 200ms measurement period then 40ms is the longest DRX cycle for which normal intra frequency L1 measurement reporting rates can be maintained without additional wakeup within the DRX cycle. We also support this proposal as a good way to make the distinction between small and large DRX.
Considering the need to make power savings when large DRX is in use, we also support the idea of defining performance requirements based on the assumption that both intra-frequency cell identification and intra-frequency measurement opportunities are performed at some time around the “RX-On” part of the DRX cycle and are not within the “RX-Off” part of the DRX cycle.
Regarding inter-frequency and inter-RAT measurements, in line with RAN2 agreements [4] it is assumed that the UE shall always be configured with a measurement gap pattern when inter-freq/RAT measurement need to be performed. However, in the DRX case the UE has additional flexibility as to when it schedules measurements, and is not limited to scheduling of inter-frequency or inter-RAT operations only during measurement gaps. We believe that this RAN2 decision was made to simplify the minimum UE implementation assumptions. However, it is our understanding that the intention of RAN2 was not to limit UE power saving opportunities with these rather “static” inter-frequency and inter-RAT measurement opportunities, which are independent of the configured DRX cycles, when more advanced UE measurement strategies are implemented for UE power saving purposes. 
One issue which should be considered carefully is to what extent the overall effort expended on inter frequency or inter RAT measurements should be reduced during DRX operation. By this, we mean, for example that if there are N measurement gaps per DRX cycle, each with width W, then it might be desirable to assume for the DRX case that less than an effort of (N x W) milliseconds would be made on the inter frequency / inter RAT measurement operations to allow good UE power saving opportunities. The alternative of considering that the same effort should be made as for the non-DRX case would seem somewhat limiting to the opportunities for good power saving, especially as the gap patterns being considered for LTE would, by themselves, imply a significant UE receiver activity which does not scale down as DRX cycle gets longer. 

Even if similar effort is assumed for inter-frequency and inter-RAT measurements, the reorganisation of the measurement opportunity to be aligned with the DRX cycle still has some effects that necessitate different performance requirements (eg the cell identification time and measurement period need to be rounded to the next multiple of a DRX cycle length).

An example measurement scheduling, which RAN4 might wish to consider for definition of performance requirements, is illustrated in figure 1.  In figure 1 it is assumed that:
· Intra frequency layer 1 measurements of the serving cell and known intra frequency neighbour cells are made once per DRX cycle. There could also be scope for considering if the number of intra-frequency cells which the UE is required to be capable of measuring might be reduced from 8 to some smaller number in the large DRX case to facilitate further power savings.
· One search attempt is made for new intra frequency cells on every DRX cycle. When moderately short DRX cycles are in use (eg 80ms or 160ms) we assume that it might not be necessary to make a search attempt on every DRX cycle, and the intra-frequency search rate could instead be a multiple of the DRX cycle length,
· The inter-frequency and inter-RAT measurement effort is made shortly after the intra-frequency activities, rather than within the indicated measurement gaps, which coincide with the “Rx Off” part of the DRX cycle.
Naturally this example implementation which is shown in figure 1 does not mandate any particular implementation, and is intended just to indicate what could be assumed in the derivation of minimum performance requirements.
 To progress the work on defining minimum performance requirement relaxations for large DRX it is important to first agree on the basic principles for allowing power saving when large DRX is used by eNodeB, such as those shown in figure 1.  Once such agreement is reached, then the work of defining the performance relaxations should become clearer, although there are still different ways in which the DRX performance requirements could be specified, as will be discussed in the next sections.
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2. Intra frequency cell identification
As shown in figure 1, there is assumed to be a single intra frequency cell search performed per DRX cycle. This would imply some change in the intra frequency cell detection requirements compared to the non-DRX case. For example

· As proposed in [1], SCH Îor/(Îinterfering cells+Ioc) conditions applicable the DRX cell identification requirement could be defined as applicable at a  higher SCH level for the large DRX case, so that the detection probability of a single search attempt would be high. Although it was not mentioned in [1], we believe that it would also be necessary with this approach to specify AWGN propagation conditions, whereas the non-DRX cell identification requirements are general ones. From a power consumption perspective, cell searches should be assumed to be performed only on some multiple of the configured DRX cycle, and the needed rate of intra-frequency cell search would still need to be discussed by RAN4. 
·  An alternative approach to requirements specification would be to keep the same (or similar) side conditions as the ones applicable to the non-DRX case, but instead apply some kind of scaling function to the time requirement. With this approach the cell identification requirement would still be a general one, but obviously cell identification could be expected to take longer than the non-DRX case due to the reduced opportunities for cell search in power efficient implementations.  
3. Intra frequency measurements

As shown in figure 1, it can be assumed that serving cell and intra frequency neighbour cells are measured by the UE’s layer 1 processing once per DRX cycle. L1 sample rate is an implementation issue, and is not specified by 3GPP. Instead RAN4 specifies the measurement period TMeasurement_Period Intra and the associated accuracy requirements. Nevertheless the reduced number of L1 samples has potential impact to both the measurement period, and the achievable accuracy.
Although uniform L1 sampling is not specified by 3GPP specifications, it is normally desirable that measurement samples are as much as possible distributed evenly throughout the measurement period, so that the impact of short term fading can be addressed effectively by the L1 measurement filter.
Given that there is only the possibility of one new L1 measurement sample per DRX cycle for each monitored intra frequency cell, there are several possible modifications to non DRX measurement requirements which might be considered to allow for power saving opportunities when large DRX cycles are active. 

· The number of measurement samples within a measurement period may need to be reduced. Although the number of samples may not impact performance requirements directly, the measurement accuracy will be impacted. In [1] it was proposed that similarly to idle mode it would be specified to filter at least 2 measurement samples when large DRX is active.
· The measurement period may need to be increased. As noted in [1] this has an impact to L3 filtering.

Given that details of measurement sampling are not usually specified for LTE_RRC_CONNECTED state, we believe that it may be sufficient to specify DRX cycle dependent measurement period requirements. For example, from a specification point of view it might be sufficient to have:
Tmeasurement_period,DRX = 2 x DRX_Cycle_Length

Given the measurement assumptions in figure 1 this is implies that there are two measurement samples within each measurement period but this is an implementation detail which is does not need to be mandated. We also believe that normal RSRP accuracy requirements could not  be applied over this different measurement regime, and either alternative accuracy requirements would need to be developed by RAN4 or at a very minimum it would be necessary to indicate that the normal non-DRX accuracy requirements were not applicable.

Naturally, it would alternatively be possible to use measurements from more DRX cycles, so that for example 

Tmeasurement_period,DRX = 4 x DRX_Cycle_Length

Since simulation results on RSRP measurement accuracy, for example in [5] have typically assumed 4 measurement samples, accuracy could be expected to be rather similar to the non DRX case for this measurement period, and it may be appropriate to consider whether the non-DRX measurement RSRP accuracy requirements can then be applied to the large DRX case. The compromise in this respect is that, of course, the Tmeasurement_period,DRX may start to become very long compared with the 200ms non DRX reporting period.
4. Inter frequency/RAT cell identification and measurement
Under the assumption that the UE should still spend an equivalent amount of time identifying and measuring interfrequency or inter RAT cells whether or not large DRX is active, possible performance requirements may be derived by rounding the measurement gap  based requirements up to the nearest DRX cycle as proposed in [1]. This gives, the following cell identification and measurement periods (eg interfrequency)
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However, it could be questioned whether such an approach provides enough opportunities for power saving in long DRX, especially as there are currently only a limited number of measurement gap patterns which are currently defined in 36.133. For example, gap pattern ID 1 has a 6ms gap with periodicity of 120ms, implying that 5% of time is spent on inter-frequency/inter-RAT measurements in the non-DRX case. If this is extended to the large DRX case with requirements such as the cell identification requirement above(and similarly scaled measurement period), then there would be expected to be a 5% activity factor for inter-frequency measurement even for long DRX cycles such as 2560ms. Gap pattern ID 0 is even more severe in this respect and would imply a 15% receiver activity factor for performing inter-frequency or inter-RAT measurements (e.g. 384ms every 2560ms DRX cycle).
Our view is that for the largest DRX cycles this additional receiver activity could start to become quite noticeable from a UE power consumption perspective, which we see essential for the good E-UTRA system similarly as e.g. for UTRA. Of course this penalty only applies when the LTE serving cell measurements are sufficiently low that inter-frequency or inter-RAT measurements are initiated, but at least for some inactive users who are not in strong LTE coverage the impact of these mobility measurements might be rather significant. Furthermore, it should be remembered that in most cases when real E-UTRA networks are concerned the UE should consider intra frequency handovers rather than inter-frequency or inter-RAT handovers when the serving cell level is low. Therefore it is also a bit questionable why the UE should put more effort in inter-frequency and inter-RAT neighbour cell identifications and measurements than intra-frequency neighbour cell identifications and measurements are needed in case of large DRX cycles. 
To facilitate further power savings, we consider that similarly to the intra-frequency case it may be important to consider relaxations in the RAN4 performance requirements beyond simply moving the cell identification and measurement to the next DRX cycle. In this case, the configured measurement gap density would no longer be used to derive the inter-frequency / inter RAT cell identification and it could be more dependent on the configured DRX cycle length, allowing for greater power savings on larger DRX cycles. By also defining inter-frequency and inter-RAT cell identifications and measurements based on the configured DRX cycle we would provide operators with a tool to improve UE power savings for those UEs that implemented more advanced measurement algorithms for power saving purposes by changing DRX cycles. 
5. Conclusions

In this paper, we have tried to provide some proposals related to intrafrequency mobility with large DRX cycle
· We agree with the conclusion in [1] that 80ms and greater DRX cycles could be considered as “large”, where some different performance requirements may be considered to allow sufficient UE power savings
· Intra-frequency cell identification requirements for large DRX could either be developed by modifying the side conditions in which cell identification requirements are met, or by scaling the non-DRX cell identification time requirements. Cell search rate should be some multiple of the DRX cycle length.
·  Intra-frequency measurement period requirements for large DRX should be a muiltiple of the DRX cycle length. The exact multiplier used would depend on the trade-off between allowing for L1 averaging, or getting faster measurement event reporting.

· It should be discussed and checked by RAN4 whether the normal accuracy requirements for intra-frequency measurements would still be applicable. This depends on the requirement for the measurement period and especially if it has been optimised to provide faster measurement reports based on an (assumed) reduced number of L1 measurement samples.
For inter-frequency and inter RAT measurements, RAN2 has already reached agreement that the UE will always be configured with a measurement gap pattern whenever inter-freq/RAT measurement needs to be performed by the UE. However, it is our understanding that the intention of this RAN2 agreement is not to limit UE power saving opportunities but rather allow simple and rather similar UE inter-frequency and inter-RAT measurement implementation regardless of DRX cycle (e.g. without more advanced UE measurement strategies for power saving purposes) For the purposes of RAN4 work, we need to consider further that

· Even though a measurement gap pattern has been configured, this does not preclude the UE from making measurements at some other times, either additionally, or instead of, the times indicated by the measurement gap pattern
· From a power consumption perspective it would be beneficial for RAN4 to consider that inter-frequency or inter-RAT measurements might be performed at around the time of the “RX On” portion of the DRX cycle, rather than part way through the “RX off” phase. This is similar to the assumptions which RAN4 typically makes for idle mode mobility requirements

· From a power consumption perspective it would be beneficial for RAN4 to develop DRX cycle dependent requirements for inter-frequency and inter-RAT cell identification and measurement period. Such requirements would be applicable whenever large DRX cycles are active, and would provide a tool to operators to further improve battery life experienced by users who do not have significant data transfer in progress.
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