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1
Introduction
SA2 is working on the MTCe work item [1] and has prioritized MTCe-SDDTE and MTCe-UEPCOP building blocks [2, 3] for Rel-12. Several key issues and potential solutions under these building blocks have been discussed and documented in the TR 23.887 [4]. Some of these solutions which may have significant impacts to the Radio Access Networks are indicated in the liaison [5] from SA2. 
For SDDTE:

1. Ch. 5.1.1.3.1, “Small Data Transfer starting from RRC IDLE (E-UTRAN): Use of pre-established NAS security context to transfer the IP packet as NAS signalling without establishing RRC security”;

2. Ch. 5.1.1.3.2, “Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN”;

3. Ch. 5.1.1.3.4, “Stateless Gateway for cost efficient transmission of infrequent or frequent small data”;

4. Ch. 5.1.1.3.5, “T5 based downlink small data transfer using RRC message”;

5. Ch. 5.1.1.3.6.2, “Small Data Fast Path”;

6. Ch. 5.1.1.3.6.3, “Connectionless Data Transmission”;

7. Ch. 5.1.1.3.7, “Service Request signalling reduction by RRC message combining”;

8. Ch. 5.1.2.3.1, “ Keep the UE in connected mode”;

For UEPCOP:

1. Ch. 7.1.3.1 “Extended DRX in idle mode”;

2. Ch. 7.1.3.2 “Extending DRX using UE Assistance Information”;

3. Ch. 7.1.3.5 “Transmission delay until better coverage conditions”;

4. Ch. 7.1.3.6 “Long DRX cycles in connected mode”; and
5. Ch. 7.1.3.7 “Factors for determining extended DRX”.
SA2 requests RAN2 to provide feedback and evaluate potential impacts from these solutions before any conclusions can be made in SA2. In this contribution, we discuss the detailed impacts on RAN procedures while the extended DRX in idle mode is applied and state our views on this issue to help RAN2 provide feedback to SA2.
2 Discussion
A UE may use Discontinuous Reception (DRX) in idle mode to reduce power consumption. When DRX is used, the UE needs only to monitor one Paging Occasion (PO) per DRX cycle. In current specification [6], the maximum DRX cycle is 256 radio frames. If the maximum DRX cycle in idle mode is possibly extended with a longer value, the UE can save more battery while waking up and listening for a potential paging message is one major power consuming functionality. 
When the extended DRX is allowed, the first impact on RAN is the calculation of Paging Frame (PF). In current specification [7], PF is given by the following equation:

SFN mod T = (T div N)*(UE_ID mod N)
In order to simplify the explanation, assume that all radio frames are PFs (i.e., N = T). In this situation, when the current System Frame Number (SFN) and the UE_ID of a UE (i.e., IMSI mod 1024) are congruent modulo the DRX cycle of the UE (i.e., T), the current radio frame is a PF of the UE. However, the values of UE_ID and SFN are from 0 to 1023. If the DRX cycle of the UE is longer than 1024 radio frames, a radio frame given by the above equation may not be a PF of the UE, as shown in Fig. 1. 
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Fig. 1. ambiguous PF problem.
Obviously the problem is caused by the limited SFN range. SFN is broadcasted in MIB which still has 10 remaining spare bits. Using more bits in MIB for SFN is one possible solution to the problem. Moreover, using other time information (e.g., Coordinated Universal Time (UTC) in SIB16) instead of using SFN for PF calculation can also be considered. RAN2 should consider the problem and evaluate possible solutions if DRX cycles are to be extended longer than 1024 radio frames. 
Proposal 1: DRX cycles in idle mode can be extended longer than 1024 radio frames.
Proposal 2: RAN2 should evaluate possible solutions to the problem shown in Fig. 1.
With the extended DRX concept, the second impact on RAN which should be considered is the system information update. For LTE system, paging messages are also used to inform UEs in idle mode about a system information change. If a UE receives a paging message including the systemInfoModification indication, it knows that the system information will change at the next Modification Period Boundary (MPB). On the other hand, if no paging message is received by the UE during a modification period, the UE may assume that no change of system information will occur at the next MPB. With the above handling, if the DRX cycle of a UE is longer than the modification period, paging message may fail to inform the UE about a system information change, as shown in Fig. 2.   
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Fig. 2. missing paging messages for SIB change due to long DRX cycle.
RAN2 should discuss how a UE with long DRX cycle can know a change has occurred in SIBs. One simple solution is that the UE checks systemInfoValueTag included in SIB1 before the next PF/PO arriving. If systemInfoValueTag included in SIB1 is different from the one of the system information stored by the UE, the UE considers that a change has occurred in SIBs. The value of systemInfoValueTag is from 0 to 31. With considering this limitation, the maximum DRX value shall be less than 32* modification period.  
Proposal 3: RAN2 should evaluate possible solutions to the problem shown in Fig. 2.
The notification of some system information change, e.g. ETWS information, CMAS information, and EAB parameters, is relied on paging messages only. Moreover, change of ETWS/CMAS/EAB information can occur at any point in time. If DRX cycles of ETWS/CMAS/EAB capable UEs are allowed to be extended, RAN2 should consider how to enable ETWS/CMAS/EAB functionalities for these UEs with satisfying the corresponding requirements, e.g., ETWS primary notification (i.e., SIB10) shall be delivered within 4 seconds to ETWS capable UEs even under congestion situation [8]. On the other hand, some alternative methods for EAB SIB update without paging have been previously discussed and can be considered again for this case. 
Proposal 4: ETWS/CMAS/EAB functionalities shall be workable for the ETWS/CMAS/EAB capable UEs if DRX cycles of these UEs are allowed to be extended. 

3 Conclusions

In this document, we discuss the detailed impacts on RAN procedures while the extended DRX in idle mode is applied and state our views on this issue. Based on the conclusions of the discussion, RAN2 is asked to take the following proposals into account:
Proposal 1: DRX cycles in idle mode can be extended longer than 1024 radio frames.
Proposal 2: RAN2 should evaluate possible solutions to the problem shown in Fig. 1.
Proposal 3: RAN2 should evaluate possible solutions to the problem shown in Fig. 2.
Proposal 4: ETWS/CMAS/EAB functionalities shall be workable for the ETWS/CMAS/EAB capable UEs if DRX cycles of these UEs are allowed to be extended. 
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