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1. Introduction 

In the past, some concern was raised regarding the impact of storing paging messages on the memory requirements at the eNB. In this paper, we evaluate the amount of memory required to store paging messages in the eNB for large number of UEs with extended DRX cycles.  
2. Paging Operation 
The MME sends an S1AP Paging message to each eNB belonging to the tracking area in which the UE is registered. Table 1 shows the S1AP message IEs for paging that we used in this paper. All of the IEs of S1AP paging message is shown in Appendix.  S1AP Paging message consists of a UE Paging ID, core network domain, TAI list and Paging DRX IE. The Paging DRX IE may be included in the message and it is used to calculate the paging occasion for the UE. For each cell belonging to any of the tracking area indicated in the list of TAIs IE, the eNB needs to generate one page over the air interface. If we assume there is only 1 TAI, the minimum paging message without any optional field will be around 91 bits (~12 bytes).
	IE
	Size

	Message Type
	8 Bits

	UE Paging ID
	40 Bits (S-TMSI)

	UE Identity Index Value
	10 Bits

	CN Domain
	1 Bit

	List of TAIs
	PLMN (3 Octets) + Tracking Area Code (1 Octet)


Table 1:  Estimated Paging Message IE Sizes
At the moment when S1AP paging message is sent the MME start the T3413 timer for the paged UE. T3413 limits the period in which the MME considers the issued S1AP message valid and expects a response from the paged UE. As it is shown in the figure 1, this value is network dependent. We expect that MME will update this timer for the UEs with extended DRX cycle to avoid unnecessary retransmissions. 
Table 10.2.2: EPS mobility management timers – network side

	TIMER NUM.
	TIMER VALUE
	STATE 
	CAUSE OF START
	NORMAL STOP
	ON THE
1st, 2nd, 3rd, 4th EXPIRY (NOTE 1)

	T3413
	NOTE 2
	EMM-REGISTERED
	Paging procedure for EPS services initiated
	Paging procedure for EPS services completed
	Network dependent


NOTE 2:    The value of this timer is network dependent.

Figure 1: T3413 Timer in 3GPP 24.301

3. Simulation Results
The Paging retransmission timer (T3413) may be adjusted such that there will be only 1 paging message at eNB for each incoming traffic. In any case, the eNB is likely to store only one copy of a given paging message. In order to show the worst case scenario, in our simulations the MME sends a new S1-AP for each session of the traffic for each UE. There will be 1 paging message stored for each session of the incoming traffic. In the simulation, the number of UEs is modified to find out the total size of the buffer needed at eNB to store the paging messages. We assume that all the users have the traffic all the time during the simulation. We assume traffic with different fixed IATs of 5s, 30s and 300s. If the paging cycles and IATs are similar, the likelihood of paging messages being buffered is limited but this increases as the DRX cycles start getting bigger relative to the IAT. We expect that buffering may become an issue only if the IAT is significantly smaller than the DRX paging cycle. 
In Figures 2 and 3, we show the impact of extended DRX cycle on the total buffer size of paging messages for different IATs. In Figure 2, we have a system of 100 UEs and in Figure 3; we have a system of 3000 UEs. 
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Figure 2: Paging Buffer Size system with 100 UEs 

Observation 1: From figure 1, extended DRX cycle length has minimal impact on storage required for paging messages at the eNB.
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Figure 3: Paging Buffer Size with a system of 3000 UEs 
Observation 2: Even for 3000 UEs receiving MT traffic, the total buffer needed is less than 1MB. 
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Figure 4: Buffer Size for Extended DRX Cycle = 300s for varying number of UEs
In Figure 4, we show the impact of the number of users on the buffer size. In this figure, we assume that each user has traffic with 300s IAT and we fixed the Extended DRX cycle to 300s. 

Observation 3: From figure 4, it is observed that the total buffer size needed for buffering pages depends on the number of UEs; still the maximum buffer needed is less than 1MB for DRX cycle of 300s. 

Conclusion
Observation 1: Extended DRX cycle length has minimal impact on storage required for paging messages at the eNB.

Observation 2: Even for 3000 UEs receiving MT traffic, the total buffer needed is less than 1MB. 

Observation 3: From figure 4, it is observed that the total buffer size needed for buffering pages depends on the number of UEs; still the maximum buffer needed is less than 1MB for DRX cycle of 300s. 

Proposal 1: Analysis of the buffer size required for storing paging messages shows that there do not seem to be any storage issues of buffering paging messages at the eNB or MME for extended DRX cycle beyond 2.56s up to 500s.
Appendix
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Figure 5 : S1AP Paging Message – TS 36.413

