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Abstract of the contribution: This paper analyses the call set-up latencies for NACC.
1. Introduction
CS fallback to GERAN solution was agreed by SA and specified in TS 23.272 [1]. To perform CS fallback to GERAN, there are two different scenarios. One is using PS handover procedure when a CS call is initiated; another is using NACC procedure on the CS call request. In both scenarios, CS call shall be established after handed over or transferred to the target cell. 
In GERAN#38 the call set-up latencies using the two techniques have been analyzed. This paper discusses these latencies further.
2. Discussion

2.1 Analysis on the latency

2.1.1 Definition
For MO case the latency is the time interval from the CS Call Request message is sent from the UE in the source E-UTRAN cell until the SETUP message is sent from the UE in the target GERAN cell.

For MT case, the latency is the time interval from when the CS Paging information is received by the eNodeB until the Paging response message is sent by the UE in the target GERAN cell.

There are two solutions, i.e. PS handover based and NACC based used for the CS fallback to GERAN. In order to compare the latency performance between the two solutions in MO and MT scenarios respectively, different time phases are showed in Figure 1, Figure 2, Figure 3 and Figure 4. Figure 1 and Figure 2 show the messages exchanged for the PS handover based solution and NACC based solution respectively in the MO scenarios. Figure 3 and Figure 4 show the messages exchanged for the PS handover based solution and NACC based solution respectively in the MT scenarios. 
For the MO scenarios, the following equations can be derived from Figure 1 and Figure 2.

T1 = T5 
T4 = T8
T2 is the time taken by PS handover preparation plus the time taken by processing and transmitting Handover command message and transmitting HO from E-UTRAN command message, T3 is the time taken by GERAN Access procedure, T6 is the time taken by NACC for processing Inter-RAT cell change order message and synchronization procedure and T7 is the time taken by the Random access procedure.
The latency difference between the two solutions in the MO scenarios is the time difference between T2 plus T3 and T6 plus T7.
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Figure 1:  CSFB solution using PS handover procedure in MO case
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                   Figure 2:   CSFB solution using NACC procedure in MO case
For the MT scenarios, the following equations can be derived from Figure 3 and Figure 4.

T11 = T16;

T12 = T17;

T15 = T20;
T13 is the time taken by PS handover preparation plus the time taken by processing and transmitting Handover command message and transmitting HO from E-UTRAN command message, T14 is the time taken by GERAN Access procedure, T18 is the time taken by NACC processing and synchronization procedure and T19 is the time taken by the Random access procedure
The latency difference between the two solutions in the MT scenarios is the difference between T13 plus T14 and T18 plus T19.
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              Figure 3:   CSFB solution using PS handover procedure in MT case
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                    Figure 4:   CSFB solution using NACC procedure in MT case

From Figure 1 and Figure 3 the following equations are valid.

T2=T13

T3=T14

T2 + T3 = T13 + T14

Similarly, from Figure 2 and Figure 4, the following equations hold.

T6=T18
T7=T19

T6 + T7 = T18 + T19

Based on the analysis above, the latency difference of the two solutions is the difference between T2 plus T4 and T6 plus T7, regardless in the MO or MT case. From Figure 1~4 it can be found that the LA updating and the security procedure are the same in the two solutions.
2.1.2 PS handover Scenario
Because T2 + T3 equals T13 + T14, only T2 + T3 needs to be considered in Figure 5.
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Figure 5: PS handover prepare phase plus processing and transmitting the Handover command and transmitting HO from E-UTRAN command
To estimate the time T2 + T3 for the PS handover scenario, the following assumed values based on data from Huawei’s test department are used: 

-Processing duration in eNB is about Ta = 4ms;

-Processing duration in MME is about Tb = 15ms;

-Signalling duration between eNB and MME is about 2~15ms [2], here assuming it is about Tc = 8ms;

-Processing duration in BTS is about Td = 80 ms;

-Processing duration in BSC is about Te = 50ms;

-Processing duration in SGSN is about Tf= 20ms;

-Signalling duration between SGSN and BSC is about Tg = 5ms;

-Signalling duration between BSC and BTS is about Th = 5ms

-Signalling duration between SGSN and MME is about Ti = 5ms
From this, T2 = 2*Ta + 2*Tb + 2*Tc + Td + 2*Te + 2*Tf + 2*Tg + 2*Th + 2*Ti = 304 ms. 
T3 is the time for the GERAN Access procedure and Handover complete processing. It is about 190ms as defined in TS 25.133[3], section 5.4.2.1 
To summarize, the total latency is T2+T3 = 494ms. 
2.1.3 NACC Scenario
For the NACC scenarios, only T6 and T7 need to be considered. 
T6 is for the NACC procedure, i.e. the latency of processing inter-RAT change cell order message and synchronization procedure. It is about 190ms as defined in TS 25.133[3], section 5.9.2.1.
The Random access procedure is depicted in Figure 6.
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Figure 6: Random access procedure
The average delay for the random access procedure (T7) has at Huawei been measured to 120ms for one time access success case, giving that T6+T7 = 190ms + 120ms = 310ms.
From the above analysis, the latency of the PS handover based solution is somewhat larger than the NACC based solution. Furthermore, during using PS handover procedure there is more signaling transmitted and processed between RAN and CN nodes.
2.1.4 CS call establishment delays using CS fallback to GERAN

Measurements made at Huawei show that the CS call establishment delay is about 6s without the security procedure and about 8s including the security procedure. The CS paging delay is for GERAN　defined as the interval from the Paging request message is sent by the MSC until the Paging response message is received by the MSC. The paging delay is about 1s. 

Some other delay values are estimated below.

T1 = T5, and they are about 100 ~200ms.

T12 = T17, and they are about 100~200ms.

The CS paging delay in E-UTRAN is defined as the interval from the Paging request message sent from the MSC until the Service request message is received by the MME.

It is assumed that the CS paging delays are roughly same for both GERAN and E-UTRAN. 

For the two PS handover scenarios (MO and MT), the delay difference compared to normal GSM CS call establishment can roughly be calculated as T1+T2+T3 = 594 ~ 694ms. The complete delays are about 6.59 ~6.69s without security procedure and about 8.59~8.69s with security procedure. 

For the two NACC scenarios (MO and MT), the delay difference compared to normal GSM CS call establishment can roughly be calculated as T5+T6+T7 = 410 ~ 510ms. The complete delays are about 6.41 ~6.51s without security procedure and about 8.41~8.51s with security procedure. 
From this it can be seen that the delay difference between the PS handover and the NACC scenarios is insignificant.

2.2 Analysis on signaling load

For NACC, the SI’s from the target BSC will contribute to load to Gb, S3 and S1-MME. Assumed deployment scenarios of E-UTRAN and GERAN cells are illustrated in figure 7.
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Figure 7 E-UTRAN and GERAN cells overlapping deployment scenario

Generally, each eNodeB controls 3 cells. One GERAN cell covers about 3~5 E-UTRAN cells which are controlled of about 1~5 eNodeBs. If the deployment scenario is that one eNodeB and one BTS are deployed in the same position and they have the same coverage area, GERAN cells and the E-UTRAN cells are in a one-to-one mapping relation. In this ideal case the SI’s of one GERAN cell only need to be sent to one eNodeB. For the sake of the generality, it is assumed the SI’s of one GERAN cell need to be sent to 3 eNodeBs.
For the sake of simplicity some assumptions are made as defined below.
· UE is in LTE_IDLE state when MO or MT CS call is initiated.

· CS fallback scenario is in the hot area of a city, where about 321 CS calls are initiated every hour in an area covered by a GERAN cell.

· System information used by PS handover and NACC are SI3, SI1 and SI13, which totally are 69 octets. Including RIM headers the size of a RIM PDU is about 119octets.
· About 1/3 calls need CS fallback to GERAN in the area covered by a GERAN cell.
· SI3, SI1, and SI13 for NACC are transferred in the RIM procedure periodically, i.e. one time every hour.
· On average, the set of SI’s for one GERAN cell will be sent to 3 eNodeBs.

The sizes of the Handover required, Forward relocation request, Forward relocation response, PS handover request, PS handover acknowledge, and Handover command are more than 67, 300, 335, 79, 232 and 312, respectively.

For each GERAN cell in the scenario, the signaling load of the RIM procedure for the NACC is about 357 octets/hour in the Gb, S3 and S1-MME interfaces. If the RIM procedure is event-triggered, less load is needed in these interfaces because these SI’s are changed infrequently. Regarding PS handover the signaling loads in S1-MME, S3, Gb are more than 40553, 67945, 33277 octets/hour respectively.
On the radio interface only one message is needed for either PS handover (e.g. HO from E-UTRAN command) or NACC (e.g. Inter-RAT cell change order). The size of the message for PS handover is larger than the size of the message for NACC because the message for PS handover besides the system information and the target cell information (included in the message for NACC) also includes the bearer information for the target cell.
3. Conclusions
It is here stated that whether to choose the PS handover based solution or NACC based solution should be decided by the operator. According to the above analysis, it is concluded that:

· The NACC based solution has a somewhat better latency performance of CS call establishment than PS handover based solution but the differences are insignificant.
· The PS handover introduces 100 times more signaling load than NACC and is therefore more complex than the NACC solution. On the Gb, S3, and S1-MME interfaces, the signaling load introduced by PS handover is about 93(=33277/357), 190(=67945/357), 113(=40553/357) times of that introduced by NACC respectively.  
· The PS handover based solution has a shorter interruption time compared to NACC for the PS services already established in E-UTRAN. 
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