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1. Introduction
The WI that targets to investigate the RAN enhancements for extended DRX in LTE has been approved in RAN#67[1]. The specific objectives of this WI are:

· Extend idle mode DRX cycles in order to provide at least an order of magnitude power savings for UEs in idle mode; and
· Extend connected mode DRX cycles in order to enable additional power savings beyond what is currently possible for UEs in connected mode.
Actually extending DRX cycle for both Idle and Connected were two candidate options for the topic of UEPCOP in SA2 work item on Machine Type and other mobile data applications Communications Enhancements [2], and RAN2 has done some preliminary investigations of these two options as captured in [3]. That’s the reason why this WID stated that the work will continue the work started in Rel-12 in [2] and [3] for extended DRX.
In this paper, we will discuss some RAN impacts of extending the DRX cycle for both idle and connected mode.
2. Discussion
2.1 Impacts of extending DRX cycle for Idle mode
2.1.1 Paging cycle determination and coordination
In the legacy design, the UE’s paging cycle, i.e., T in [4] for the PF calculation is determined by the shortest of the UE specific DRX value, which is allocated by upper layer, and a default DRX value which is cell specific and broadcasted in SIB2. This is a common understanding among the UE, eNB and MME in legacy system. In order to support the paging cycle extension, the mechanism to determine the paging cycle value as well as the coordination among the UE, eNB and MME for use of the extended DRX needs to be investigated. . 
We note that SA2 has identified this as an issue for study in their Rel-13 TR [5], so we suggest that RAN2 can just wait the conclusions from SA2 and then discuss the impact to RAN2 specifications.

Proposal 1: RAN2 can just wait for the SA2’s conclusion on the NAS extensions to enable extended DRX for Idle mode and the coordination procedure among the UE, eNB and MME for use of the extended DRX. Then if needed, to discuss the impact on the RAN2 specifications.
2.1.2 PF calculation
Currently the maximum paging cycle is 2.56 seconds. The System Frame Number (SFN) right now is setting value cycle from 0~1023. One SFN cycle time would be 10.24 seconds. It is clearly that the current maximum paging cycle is less than the SFN cycle. In the current specification [4], the PF is given by the following equation:

SFN mod T = (T div N)*(UE_ID mod N)              (1)
It can guarantee the PF calculatation results are exclusive in one paging cycle and UE only wake up one time per paging cycle for paging mornitoring. Figure 1 shows an example of the PF location by assuming that nB = T, T= 256 and UE_ID = 2.
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Figure 1 An example for PF with the legacy paging cycle value

As long as the DRX cycle is less than the maximum SFN time, i.e., 10.24s, there is no problem in PF calculation. However, in case that the paging cycle is extended beyond 10.24s, there would be multiple PF which can match the equation (1) in one paging cycle. Figure 2 shows another example of the PF location by assuming that nB=T, T=2048 and UE_ID =2. So, when the above case occurs, the UE doesn’t know which radio frame it should monitor in a Paging cycle.
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Figure 2 An example for PF with extended paging cycle value more than maximum SFN time
To solve the above issue, there were three options on the table in Rel-12 discussion, i.e.,.
· Option 1: Extend SFN cycle length by introducing extra SFN bits [6];

· Option 2: Introduce a SFN cycle index [7].
· Option 3: use the UCT in SIB16 to determine the PF [7].
In option 1, the additional bits together with the current 10bits are used to signal the length of the extended SFN cycle, and the DRX cycle is maintained within one SFN cycle. For example, assuming 4 additional bits would be used for extended SFN cycle, then the SFN cycle length would be 2^14, i.e., 16384 frames. This new extended SFN cycle will only be applied by the UE with extended paging cycle for the PF determination.
· One potential problem of this option is that for the UE with the same extended paging cycle, the PF of the UE will centralize in the range of [0, 1023], but not spread over the entire paging cycle. Figure 3 illustrates this problem assuming that nB=T and T=2048. Then PF equation becomes SFN mode 2048 = UE_ID. Since the UE_ID = IMSI mode 1024, the PFs for the UEs with paging cycle = 2048 will locate in SFN [0, 1023], while leave SFN [1024, 2047] is no PF for the UEs with extended paging cycle = 2048. So a method to overcome this issue should be developed.
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Figure 3 An example to illustrate the issue of option 1

In option 2, the length of SFN cycle is still maintained as 10.24s and a SFN cycle index is introduced which is indicated by the additional bits. So the extended UE’s paging cycle would span over multiple SFN cycles. Figure.4 illustrates the concept of SFN cycle index by assuming the extended paging cycle is 2048.
· For this option, it is obviously that the UE using extended paging cycle should firstly identifies the SFN cycle in which its PF would be located and then figures out its PF in this SFN cycle. The current equation can be reused to determine the PF in the SFN cycle, but a method to determine the SFN cycle index should be developed.
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Figure 4 An example to illustrate the concept of the SFN cycle index
In option 3, the exactitude of the time in SIB16 is 10ms, which means it can be used to number a radio frame. Then, it is feasible to use it to determine the PF. However, it couldn’t work for the on-duration determination which is numbered in subframe[9]. So, the enhancement to the current formulation of on-duration is still needed by using UTC in case that the DRX cycle of connected mode is also extended beyond 10.24s.
So, based on the above analysis, we have the following proposals:
Proposal 2: In order to exclusively determine the PF in one paging cycle in case the paging cycle is extended beyond the current maximum SFN value, RAN2 discuss and select one of following three options to specify:
· Option 1: Extend SFN cycle length by introducing extra SFN bits;

· Option 2: Introduce a SFN cycle index.
· Option 3: Use the UCT in SIB16 to determine the PF.

Proposal 2a: If option 1 is selected, then it is FFS how the PF of the UEs using the same extended paging cycle could spread over the entire paging cycle.
Proposal 2b: If option 2 is selected, then it is FFS how to determine the SFN cycle index for the UEs using extended paging cycle.
Proposal 2c: If option 3 is selected, then it is FFS how to enhance the current formulation of on-duration in case that the DRX cycle of connected mode is also extended beyond 10.24s

2.1.3 RRM measurement and Cell reselection
To support the UE mobility in idle state, cell reselection is performed by the UE in order to select a more suitable cell and camp on it. UE measurement activity plays a very important role in cell reselection, i.e. when the UE reselects another cell to camp on is based on the measurement results and the corresponding criteria. 

According to the measurement requirements of cell reselection defined in [8], the UE shall perform measurements on the serving cell and evaluate the cell selection criterion for the serving cell at least every DRX cycle. In one DRX cycle, at least two measurement samples are used for filtering and these two measurements shall be spaced by at least DRX cycle/2. If the UE has evaluated in Nserv consecutive DRX cycles that the serving cell does not fulfill the cell selection criterion S, the UE shall initiate the measurements of all neighbor cells indicated by the serving cell. From these requirements, it can be seen that the larger the paging cycle is, the more time for detecting the radio link problem of the serving cell is needed. So if the paging cycle is extended to a very large value, one possible result is that the UE has already moved out of the coverage of original cell but cell reselection is not triggered. As a consequence, the UE may miss the paging since the SI and the paging related configurations have been changed.

To solve this problem, the effective way is to redefine the measurement requirements of cell reselection to guarantee that the UE can camp on the suitable serving cell in time. However, this seems more like a RAN4 related issue. According to the WID, RAN4 has been assigned the work for RRM core requirements specification, so this issue should be further studied by RAN4.
Proposal 3: The measurement requirements of cell reselection for UE with extended paging cycle to guarantee that the UE can camp on the suitable cell should be further studied by RAN4.
2.2 Impacts of extending DRX cycle for Connected mode
2.2.1 UE capability
For UE in Connected mode, the DRX is configured by the eNB. So, if the UE has the capability to support the extended DRX cycle in connected mode, this capability should be known by the eNB, which means that the UE’s capability for supporting extended DRX cycle should be reflected in the UE’s radio access capability.
Proposal 4: The UE’s capability for supporting extended DRX cycle should be captured in UE-EUTRA-Capability.
2.2.2 On-duration calculation
For the connected mode DRX, the start of the On-duration is determined as follows for short DRX cycle and long DRX cycle respectively:

· [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle);
· [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

If the DRX cycle is extended beyond 10.24s, a similar issue as for the Paging in section 2.1.2 is that there would be multiple On-duration locations which can match the above equations in one DRX cycle. The Option 1 and 2 as discussed in section 2.1.2, can be borrowed directly to here to solve this issue. But for Option 3, as we explained in section 2.1.2, some further enhancement to the current formulation of on-duration is needed.
Furthermore, for the potential problems for both option 1 and option 2, it is easier to be solved for the connected mode. 
· For the Option 1, the eNB can configure the drxStartOffset from 0 to the extended DRX cycle -1. Then this can guarantee that the UE’s On-duration is spread over the entire DRX cycle.

· For the Option 2, the eNB can inform the UE of the SFN cycle index where its On-duration would locate in one DRX cycle when the eNB configures DRX for the UE.
So, we have the proposal that 
Proposal 5: In case the DRX cycle is extended beyond the current maximum SFN value, the same solution can be used for exclusively determining the UE’s PF and On-duration for Idle mode and Connected mode respectively.
3. Conclusion

In this contribution, we discuss some possible RAN impacts of extending the DRX cycle for both idle and connected mode and have the following proposals:
Proposal 1: RAN2 can just wait for the SA2’s conclusion on the NAS extensions to enable extended DRX for Idle mode and the coordination procedure among the UE, eNB and MME for use of the extended DRX. Then if needed, to discuss the impact on the RAN2 specifications.
Proposal 2: In order to exclusively determine the PF in one paging cycle in case the paging cycle is extended beyond the current maximum SFN value, RAN2 discuss and select one of following three options to specify:

· Option 1: Extend SFN cycle length by introducing extra SFN bits;

· Option 2: Introduce a SFN cycle index.
· Option 3: Use the UCT in SIB16 to determine the PF.

Proposal 2a: If option 1 is selected, then it is FFS how the PF of the UEs using the same extended paging cycle could spread over the entire paging cycle.
Proposal 2b: If option 2 is selected, then it is FFS how to determine the SFN cycle index for the UEs using extended paging cycle.
Proposal 3: The measurement requirements of cell reselection for UE with extended paging cycle to guarantee that the UE can camp on the suitable cell should be further studied by RAN4.
Proposal 4: The UE’s capability for supporting extended DRX cycle should be captured in UE-EUTRA-Capability.
Proposal 5: In case the DRX cycle is extended beyond the current maximum SFN value, the same solution can be used for exclusively determining the UE’s PF and On-duration for Idle mode and Connected mode respectively.
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