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1. Introduction
In the last RAN2 meeting, some open issues related to the solution 'Extended DRX in idle state' are listed in [1], which include:

· Issue 1: Need to extend SFN range to avoid ambiguity of Paging Occasions. Also need to extend the UE_ID in order to distribute UEs evenly?

· Issue 2: How to ensure that UEs with extended paging cycles get up to date SI? Require them to check value tag when they “missed” paging occasions due to extended cycle?

· Issue 3: Special solution needed for PWS? Or assume that UEs that require this delay sensitive information do not use the extended cycle?

· Issue 4: Mobility (timing) issues? Does cell-reselection still work? What if neighbouring cells have different timing?

· Issue 5: How to choose the extended paging cycle? Does the MME assign a UE-specific paging cycle? UE ignores broadcast cycle (which would always be smaller)?
As well as the issues listed above, some other issues, related to the solution 'Extended DRX in idle state', are also discussed in this contribution.
2. Discussion
In this section, a classification of the open issues related to the solution 'Extended DRX in idle state' is proposed in table 1. Then, the detail analysis of each classification is given in the following sections.
Table. 1 Classification of open issues in the solution 'Extended DRX in idle mode'
	Classification
	Detail

	Time related issues
	maximum/reasonable paging cycle

	
	SFN extension

	
	PF/PO definition

	SI update related issues
	acquisition of up-to-date SI other than ETWS/CMAS notification

	
	acquisition of up-to-date ETWS/CMAS notification

	Mobility related issues
	cell reselection/measurement

	
	mobility between Rel-12 eNB and legacy eNB


2.1 Time related issues
For time related issues, the highest priority issue to tackle is 'which maximum/reasonable DRX value that should be possible to select' due to most of the following discussions are influenced by this issue. An efficient method is to evaluate the power consumption of different paging cycle values, i.e. extended DRX in idle state. Here the power consumption mainly includes three parts: paging monitoring, SI update and measurements for cell reselection. In addition, UE speed may also impact the power consumption, e.g. UE with higher speed may need to perform more cell reselection measurements. Consequently, UE speed should be considered when evaluating the power consumption of UE.

Proposal 1: RAN2 need to evaluate the power consumption of different paging cycle values in order to determine the maximum/reasonable paging cycle value. Furthermore, UE speed should be considered in evaluation of power consumption.
Whether the SFN range should be extended is dependent on the maximum supported paging cycle. That is, if the maximum paging cycle is less than or equal to 1024 frames (i.e. maximum SFN value + 1), the current SFN range is enough. Otherwise, SFN range should be extended to avoid ambiguity of PO.

Observation 1: SFN range should be extended if the maximum supported paging cycle is larger than 1024 frames.

Obviously, the calculation of PO should be modified if SFN range is extended. Firstly, let's look at the traditional PF and PO computational formulae [2]:

SFN mod T= (T div N)*(UE_ID mod N)
i_s = floor(UE_ID/N) mod Ns
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32
N: min(T, nB)
Ns: max(1,nB/T)
UE_ID: IMSI mod 1024
where T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information.
From the above formulae, we can see that the PF and PO of UE are no longer uniformly distributed over the extended SFN range. The main reason is that UE_ID in the above formula is limited by the SFN range, i.e. the number 1024 in the formula. If PF/PO is not uniformly distributed, one possible case is the number of UE with same PF/PO increases. According to current TS 36.331 [3], the maximum number of UEs that can be supported in one PF/PO is 16 (i.e. maxPageRec). Furthermore, considering the number of MTC UE is very large, the number of UE with same PF/PO may get larger than maxPageRec. Hence, distributing UE evenly on all available PF/PO is very important. One intuitive solution is extending the UE_ID to match the extended SFN range. 
As well as to distribute UE over extended SFN range uniformly, some other factors should be considered when considering the calculation of PF and PO in the case of extended paging cycle, e.g. paging repetitions to avoid the risk of a UE missing a page due to the paging cycle having been extended to a long value.

Proposal 2: RAN2 should consider how to distribute the UE uniformly over the extended SFN range, e.g. extend the UE_ID. Furthermore, some other factors should be considered when defining the PF and PO in the case of an extended paging cycle.
2.2 SI update related issues
For the traditional paging mechanism, the UE will read the paging message at least once for each default paging cycle (smaller than the modification period), which ensures that UE can obtain the up-to-date SI. Then if UE is configured with extended paging cycle, the UE cannot obtain up-to-date SI due to the time mismatch between the modification period and the extended paging cycle, which is shown in Fig.1. In Fig.1, different colours indicate different SI.
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Fig.1 Change of system information
In order to ensure a UE with extended paging cycle can obtain the up-to-date SI, a simple method is that the UE acquires the SIB1 of the current camped cell to check whether the SI has been changed by using the systemInfoValueTag when needed, e.g., when the UE needs to perform cell reselection or TAU. If the systemInfoValueTag indicates that the SI has changed, the UE should first perform the SI acquisition procedure to obtain the up-to-date SI. 
The main advantage of this method is that it has no impact on existing protocols, i.e. the existing specification is specifying that the UE has to perform the SI update procedure when needed. 
Proposal 3: RAN2 should consider 'acquiring the required up-to-date SI of the current camped cell when needed' as an efficient method for ensuring that a UE with extended paging cycle gets up-to-date SI.

The above discussions are focus on SI other than ETWS/CMAS notifications. But in fact, they are very similar to each other, since both of them are transmitted in the paging message. The main difference is ETWS/CMAS notifications are delay sensitive. Therefore, the only way to get timely ETWS/CMAS notifications is increasing the frequency of paging monitoring, which is contradictory to the purpose of the solution 'extended DRX in idle state'. Therefore it is clear that, extending the paging cycle is not applicable to ETWS and/or CMAS capable UEs.

Observation 2: The solution 'extended DRX in idle state' is not applicable to ETWS and/or CMAS capable UEs.

2.3 Mobility related issues

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 [4], the number of measurements is related to the length of paging cycle. That is, the larger the paging cycle, the fewer measurements will be conducted within a given time. So if the paging cycle is extended to a very large value, one possible result is that the UE will move out of the coverage of original cell but cell reselection is not triggered. As a result, UE may miss the paging since the POs are not synchronized among cells. To solve this problem, we can redefine the measurement requirements of cell reselection to guarantee that the UE can camp on the suitable cell in time. This seems more like a RAN4 related issue.

Proposal 4: 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. 
Additionally, we consider a possible scenario where a UE moves between Rel-12 eNB and legacy eNB, as shown in Fig. 2. We assume the Rel-12 eNB here means that the eNB supports extended paging cycle capability.
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Fig.2 UE mobility between Rel-12 eNB and Legacy eNB
One issue is how to make the MME, eNB and UE all have a consistent understanding about the paging cycle that the UE should apply when the UE moves from the Rel-12 eNB to the legacy eNB, which is also mentioned in [5]. In [5], the one solution was proposed which included designing some procedures to keep consistent knowledge amongst the involved nodes. 

However, we believe that this issue can be categorized as a matter of UE and network implementation. From UE side, the existing paging mechanism, include paging cycle selection and PF/PO calculation, will be adopted when camped on a legacy eNB. From network side, the MME only need to generate different paging messages for Rel-12 eNB and legacy eNB. Then the issue is solved.

Proposal 5: The issue related to UE mobility between Rel-12 eNB and legacy eNB can be categorized as a matter of UE and network implementation.
3. Conclusions

In this paper, the open issues related to the solution 'Extended DRX in idle state' are discussed.
Proposal 1: RAN2 need to evaluate the power consumption of different paging cycle values in order to determine the maximum/reasonable paging cycle value. Furthermore, UE speed should be considered in evaluation of power consumption.
Observation 1: SFN range should be extended if the maximum supported paging cycle is larger than 1024 frames.
Proposal 2: RAN2 should consider how to distribute the UE uniformly over the extended SFN range, e.g. extend the UE_ID. Furthermore, some other factors should be considered when defining the PF and PO in the case of an extended paging cycle.
Proposal 3: RAN2 should consider 'acquiring the required up-to-date SI of the current camped cell when needed' as an efficient method for ensuring that a UE with extended paging cycle gets up-to-date SI.
Observation 2: The solution 'extended DRX in idle state' is not applicable to ETWS and/or CMAS capable UEs.
Proposal 4: 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 5: The issue related to UE mobility between Rel-12 eNB and legacy eNB can be categorized as a matter of UE and network implementation.
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