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1 Introduction

The study item “Study on RAN aspects of Machine-Type and other mobile data applications communications enhancements” has been approved for Rel-12 [1]. The purpose of the study item is to identify and evaluate radio access network mechanisms to handle “small data” traffic generated by both machine-type and non-machine-type devices and applications. SA2 is working on a feature level WI “Machine-Type and other mobile data applications Communications Enhancements” [2] and some potential radio access network impact, especially from building block WIs “Small Data and Device Triggering Enhancements (SDDTE)” [3] and “UE Power Consumptions Optimizations (UEPCOP)” [4], has been identified due to some of the solutions proposed in [2]. Hence, RAN2 study item is also expected to investigate and evaluate SA2 solutions, which have an impact on the radio access network, to address the objectives outlined in the SDDTE and UEPCOP building block WIs.

In this contribution we focus on the SA2 solutions within the context of “UE Power Consumptions Optimizations (UEPCOP)” building block WI in which enhancements are investigated to lower UE power consumption. The contribution discusses the possible impacts that the proposed UEPCOP solutions may have on the radio access network. The discussion is based on the LTE system, although most of the raised issues would also be applicable to HSPA system. 
2 Discussion
The LS [5] from SA2 to RAN2 lists the solutions proposed in the UEPCOP building block WI [6] with potential RAN2 impact. The solutions include the following:

1. Extending DRX cycles in idle mode (TR 23.887 clause 7.1.3.1)
2. Extending DRX cycles in connected mode (TR 23.887 clause 7.1.3.6)
3. Delay UE transmissions until the UE is in better coverage in idle mode (TR 23.887 clause 7.1.3.5)
4. Extending DRX using UE assistance information (TR 23.887 clause 7.1.3.2)
5. Discussion on different factors which determine if extended DRX is to be used or not (TR 23.887 clause 7.1.3.7)
The maximum DRX cycle length that can be configured is 2.56 seconds for the LTE system and 5.12 seconds for the HSPA system. Extending the DRX cycle lengths further in idle or connected modes can reduce UE power consumption as discussed in [7, 11]. The results presented in [11] show that extending the maximum allowable DRX cycle to several minutes would bring substantial gains in power consumption and battery lifetime. For example, when the UE sends a small packet every 12.8 minutes in the uplink, using DRX cycle of two minutes would extend the battery lifetime almost 15 times compared to consumption when using a 2.56 s cycle length. In absolute terms, at 2.56 second cycle length standard AAA battery (capacity 6500 J or 1200 mAh @ 1.2V) would last approximately 2 months, while with 384 second cycle length the lifetime would be almost 18 times that, i.e., over 2 years 8 months.
Proposal 1. Extended DRX cycles in idle and connected mode are efficient mechanisms to optimize UE power consumption.
Solution 3 proposes delayed transmission in idle mode until the UE is in better coverage. This may reduce the UE power consumption for transmission if the radio condition improves in the mean time, however further study is required since the gain is not clear as waiting for better coverage requires more downlink measurements consuming power and radio conditions may not always improve as expected. Furthermore, since the UE is in idle mode, the solution can be considered as UE implementation specific and thus may not require any changes in RAN specifications.
Solutions 4 and 5 consider the configuration aspects and focus on the mechanisms needed to determine if and how the extended DRX cycles should be configured.
Extended DRX cycles may have various impacts on RAN protocols and procedures (see the next sections), and possible changes should be done in a way that support for legacy UEs is preserved. In the next section we list potential impacts of extending the DRX cycle length on the radio access network, i.e., for both idle and connected mode. Specific issues for extending DRX cycles for idle and connected modes are then discussed in sections 2.2 and 2.3, respectively.
2.1 RAN Impacts of extended DRX cycles in idle/connected mode
We consider the following aspects in the radio access network to be impacted if DRX cycle lengths are extended in either idle or connected mode: 
1. QoS implications
Extended DRX cycles can provide a further trade-off between UE power consumption and latency, i.e. initial response. The length of the cycle should be such that the QoS requirements of the UE (downlink) traffic are satisfied when the UE is in connected mode. In idle mode extended DRX (paging) cycles would have an impact on the reachability of the UE within a certain time. Therefore extended DRX cycles in idle or connected modes may have QoS implications or new subscription characteristics may need to be introduced in the core network.
2. SFN wrap-around
SFN range currently covers 1024 radio frames, i.e., 10.24 seconds in LTE or 4096 radio frames, i.e., 40.96 seconds in HSPA. Extending the DRX cycle lengths beyond these limits would result in SFN wrap around while the UE is sleeping.
Hence, we propose the following

Proposal 2. RAN2 should study the impact of extended DRX cycles on the SFN mechanism. 
Proposal 3. The implications on QoS should be considered for both idle and connected modes if DRX cycles are extended.
Proposal 4. Mechanisms for enabling extended DRX cycles should be discussed. 
2.2 RAN impacts of extended DRX cycles only in idle mode
Extending the DRX cycle length, i.e., the paging cycle, in idle mode would make it possible to reduce UE power consumption further when reading the PDCCH control channel for P-RNTI. The following impacts on RAN should be considered when extending the idle mode DRX cycles:

1. UE specific extended DRX cycles
Currently UE uses the minimum of default paging cycle and UE specific DRX cycle length in idle mode [8]. If DRX cycle lengths are extended, this mechanism may need to be updated in order to avoid any impact on default paging cycle.
2. UE idle mode procedures
UE idle mode procedures defined in [8], such as cell re-selection may need to be updated.
3. Paging
Calculation of paging occasions and paging frames [8] may need to be should be updated.

Hence, we propose the following

Proposal 5. RAN2 should discuss the impact of extended DRX cycles on UE idle mode procedures.
2.3 RAN impacts of extended DRX cycles in connected mode
We list the following potential impacts on the radio access network when DRX cycle length is extended in connected mode: 
1. Mobility procedures
Introduction of extended DRX cycles in connected mode might impact mobility procedures. Keeping the current measurement procedures has the consequence that it will take a longer period of time before a measurement report will be triggered by the UE. For fast moving UEs, the UE may have already moved to a new cell before the measurement report is triggered, and a radio link failure may then occur. Additional mechanisms may be required to handle fast UEs in connected mode if DRX cycles are extended.
2. Radio link monitoring (RLM)
RLM requirements [9] need to be adjusted when extended DRX cycles are applied. 
3. eNB
During long UE sleeping periods, the eNB may need to buffer incoming packets until the UE becomes reachable. The eNB may also need to keep UEs in connected mode for longer periods and thus store the UE context in the mean time. 
Hence, we propose the following
Proposal 6. Mobility aspects should be studied if DRX cycles in connected mode are extended.
Proposal 7. RAN2 should discuss the impact of extended DRX cycles on the performance of eNB.

3 Conclusion
In this contribution we discussed the possible impacts that the proposed UEPCOP solutions may have on the radio access network. Based on the discussion we propose the following: 
Proposal 8. Extended DRX cycles in idle and connected mode are efficient mechanisms to optimize UE power consumption.
Proposal 9. RAN2 should study the impact of extended DRX cycles on the SFN mechanism.
Proposal 10. The implications on QoS should be considered for both idle and connected modes if DRX cycles are extended.
Proposal 11. Mechanisms for enabling extended DRX cycles should be discussed.
Proposal 12. RAN2 should discuss the impact of extended DRX cycles on UE idle mode procedures.
Proposal 13. Mobility aspects should be studied if DRX cycles in connected mode are extended.
Proposal 14. RAN2 should discuss the impact of extended DRX cycles on the performance of eNB.
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