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Discussion on Intra-BSS Call Detection from BSS point of view
1 Introduction

According to the latest TR23.889, there are two ways for the network to make the intra-BSS call detection, i.e. the MSC makes the judgment by using the BSS-ID, or the BSS makes the detection by using the GCR.

And according to the latest LS from CT4 on LCLS, it is informed that CT4 agreed to pursue the analysis of exchanging a BSS-ID on the Nc interface (impacts pro and cons). However, different intra-BSS call detection methods also have different impacts to the BSS. So, in this contribution, analysis on intra-BSS call detection from BSS point of view is provided. 

2 Solution description (BSS part)

In this part, the two solutions used for the intra-BSS detection are described. 

2.1 MSC makes the judgment by using BSS-ID (MSC detection solution)
By using this solution, the MSC makes the intra-BSS detection by using BSS-ID (MSC simply compares the BSS-ID of the originating BSS and the BSS-ID of the terminating BSS), and sends detection result to the BSS by including this information in the ASSIGNMENT REQUEST and HANDOVER REQUEST messages.

For the BSS:

The BSS can know whether current call leg is belonging to an intra-BSS call, by receiving ASSIGNMENT REQUEST and HANDOVER REQUEST messages. 

The BSC only makes the call leg correlation for the intra-BSS call, if local switching is not prevented by the CN, i.e. there are no ongoing supplementary services.

There is no impact to the BSS if the call is not an intra-BSS call, this means the BSS will do nothing for the non intra-BSS calls.

2.2 BSS makes the detections by using GCR (BSC detection solution)
By using this solution, when the GCR is received, the BSS will search whether there is another call leg using the same GCR. If this is the case, those two call legs will be believed to be a part of the same intra-BSS call.
Every time the GCR is received from the CN, and local switching is not prevented by the CN, the BSS needs to search the call leg using the same GCR from the active call legs. 
Note: call leg search is different from the BSS-ID comparison. Call leg search will cost much more processing power than BSS-ID comparison. The processing power requirement for the call leg search depends on the number of active call legs in the BSS.
3 Comparison and Analysis on processing power requirements

3.1 Comparison on processing power requirements for the call leg correlation.
3.1.1 Scenario 1

In this scenario following conditions are assumed:

	Scenario 1

	Number of active call legs in the BSS
	15000

	Number of Intra-BSS Call legs
	200

	Average call duration
	90s


For the MSC detection solution, the BSS only needs to perform the correlation for call legs belonging to intra-BSS calls.

· Call leg establishments per second = 15000/90

· Percentage of call legs belonging to an intra-BSS call= 200/15000

· Number of comparisons for each call leg belonging to an intra-BSS call = 15000/2 (in average)

· Number of calculations per second = 

[Call leg establishments per second * Percentage of call legs belonging to an intra-BSS call * Number of comparisons for each call leg belonging to an intra-BSS call]

=15000/90 * 200/15000 * 15000/2 

=16666.7
For the BSC detection solution, the BSS needs to perform the correlation for all the call legs.

· Call leg establishments per second = 15000/90

· Number of call legs not belonging to an intra-BSS call= 15000-200

· Number of comparisons for each call leg not belonging to an intra-BSS call = 15000

· Number of the call legs belonging to an intra-BSS call=200

· Number of comparisons for each call leg belonging to an intra-BSS call = 15000/2 (in average)

· Number of calculations per second = 

[Number of call legs not belonging to an intra-BSS call * Number of comparisons for each call leg not belonging to an intra-BSS call + Number of the call legs not belonging to an intra-BSS call * Number of comparisons for each call leg belonging to an intra-BSS call] / 15000 * Call leg establishments per second

= [(15000-200) * 15000 + 200 * 15000/2] /15000* 15000/90

= 2483333.3
3.1.2 Scenario 2

In this scenario following conditions are assumed:

	Scenario 2

	Number of active call legs in the BSS
	15000

	Number of Intra-BSS Call legs
	1000

	Average call duration
	90s


For the MSC detection, the BSS only needs to perform the correlation for call legs belonging to intra-BSS calls.

· Call leg establishments per second = 15000/90

· Percentage of call legs belonging to an intra-BSS call= 1000/15000

· Number of comparisons for each call leg belonging to an intra-BSS call = 15000/2 (in average)

· Number of calculations per second = 

[ Call leg establishments per second * Percentage of call legs belonging to an intra-BSS call * Number of comparisons for each call leg belonging to an intra-BSS call]

=15000/90 * 1000/15000 * 15000/2 

=83333.3
For the BSC detection solution, the BSS needs to perform the correlation for all the call legs.

· Call leg establishments per second = 15000/90

· Number of call legs not belonging to an intra-BSS call= 15000-1000

· Number of comparisons for each call leg not belonging to an intra-BSS call = 15000

· Number of the call legs belonging to an intra-BSS call=1000

· Number of comparisons for each call leg belonging to an intra-BSS call = 15000/2 (in average)

· Number of calculations per second = 

[Number of call legs not belonging to an intra-BSS call * Number of comparisons for each call leg not belonging to an intra-BSS call + Number of the call legs not belonging to an intra-BSS call * Number of comparisons for each call leg belonging to an intra-BSS call] / 15000 * Call leg establishments per second

= [(15000-1000) * 15000 + 1000 * 15000/2] /15000* 15000/90

= 2416666.7
3.1.3 Scenario 3

In this scenario following conditions are assumed:

	Scenario 3

	Number of active call legs in the BSS
	15000

	Number of Intra-BSS Call legs
	7000

	Average call duration
	90s


For the MSC detection solution, the BSS only needs to perform the correlation for call legs belonging to intra-BSS calls.

· Call leg establishments per second = 15000/90

· Percentage of call legs belonging to an intra-BSS call= 7000/15000

· Number of comparisons for each call leg belonging to an intra-BSS call = 15000/2 (in average)

· Number of calculations per second = 

[Call leg establishments per second * Percentage of call legs belonging to an intra-BSS call * Number of comparisons for each call leg belonging to an intra-BSS call]

=15000/90 * 7000/15000 * 15000/2 

=583333.3
For the BSC detection solution, the BSS needs to perform the correlation for all the call legs.

· Call leg establishments per second = 15000/90

· Number of call legs not belonging to an intra-BSS call= 15000-7000

· Number of comparisons for each call leg not belonging to an intra-BSS call = 15000

· Number of the call legs belonging to an intra-BSS call=7000

· Number of comparisons for each call leg belonging to an intra-BSS call = 15000/2 (in average)

· Number of calculations per second = 

[Number of call legs not belonging to an intra-BSS call * Number of comparisons for each call leg not belonging to an intra-BSS call + Number of the call legs not belonging to an intra-BSS call * Number of comparisons for each call leg belonging to an intra-BSS call] / 15000 * Call leg establishments per second

= [(15000-7000) * 15000 + 7000 * 15000/2] /15000* 15000/90

= 1916666.7

3.1.4 Comparison
According above scenarios, following table can be achieved.
	 
	Number of calculations per second 

	
	MSC detection
	BSC detection

	Scenario 1
	16667
	2483333

	Scenario 2
	83333
	2416667

	Scenario 3
	583333
	1916667


It is clear to see that the BSC detection solution will imply many more calculations than MSC detection solution, and a lot of calculations are made for the non intra-BSS call legs, which is believed to be unnecessary for the BSS.
3.2 Analysis of processing power requirements

According to the comparison above, in all the scenarios, the BSS detection solution requires much more (several times more) processing power than using the MSC detection solution.
And following calculations are based on the scenarios provided in section 3.1.

3.2.1 Calculation 1
Assume there is a 32bit CPU with 1GHz. And for this CPU, each CPU clock cycle may perform 2 CPU instructions.
For each GCR comparison, i.e. for a received GCR comparison with another GCR which is stored in the database, the number of instruction would be about 20.
Then for processing power requirement of the CPU would be:

· Processing power requirement of the CPU 
= [Number of calculation per second] * [Number of CPU orders] * [Number of CPU clock periods for each CPU order]
Scenario 1 = 2483333 * 20 / 2 = 24833330 CPU clock periods
Scenario 2 = 2416667 * 20 / 2 = 24166670 CPU clock periods
Scenario 3 = 1916667 * 20 / 2 = 19166670 CPU clock periods
· CPU Usage for each second
= [Processing power requirement of the CPU] / [CPU Frequency]

Scenario 1 = 24833330 / 1000000000 = 2.48%

Scenario 2 = 24166670 / 1000000000 = 2.41%

Scenario 3 = 19166670 / 1000000000 = 1.91%

· Delay of each call leg access

= [Processing power requirement of the CPU] / [CPU Frequency]

Scenario 1 = 24833330 / 1000000000 = 24.8ms
Scenario 2 = 24166670 / 1000000000 = 24.1ms
Scenario 3 = 19166670 / 1000000000 = 19.1ms
And let’s assume, the for the Handover procedure, without LCLS functionality. The BSS may spend 50ms to perform the Handover Resource allocation procedure (the time between the Handover Request and Handover Request Acknowledge messages).

· Ratio delay of the Handover Resource allocation procedure:

= Delay of each call leg access / Time of Handover Resource allocation
Scenario 1 = 24.8 / 50 = 49.6%
Scenario 2 = 24.1 / 50 = 48.2%
Scenario 3 = 19.1 / 50 = 38.2%
So it is clear to see Intra-BSS detection by BSS will require a number of additional CPU resources and more time to perform the access request.

3.2.2 Calculation 2 (for some old BSC)
Assume there is a 32bit CPU with 700MHz. And for this CPU, each CPU instruction requires one CPU clock cycle.

For each GCR comparison, i.e. for a received GCR comparison with another GCR which is stored in the database, the number of instruction would be about 20.
Then for processing power requirement of the CPU would be:

· Processing power requirement of the CPU 
= [Number of calculation per second] * [Number of CPU orders] * [Number of CPU clock periods for each CPU order]
Scenario 1 = 2483333 * 20 / 1 = 49666660 CPU clock periods
Scenario 2 = 2416667 * 20 / 1 = 48333340 CPU clock periods
Scenario 3 = 1916667 * 20 / 1 = 38333340 CPU clock periods
· CPU Usage for each second
= [Processing power requirement of the CPU] / [CPU Frequency]

Scenario 1 = 49666660 / 700000000 = 7.10%

Scenario 2 = 48333340 / 700000000 = 6.90%

Scenario 3 = 38333340 / 700000000 = 5.48%

· Delay of each call leg access

= [Processing power requirement of the CPU] / [CPU Frequency]

Scenario 1 = 49666660 / 700000000 = 71.0ms
Scenario 2 = 48333340 / 700000000 = 69.0ms
Scenario 3 = 38333340 / 700000000 = 54.8ms
And let’s assume, the for the Handover procedure, without LCLS functionality. The BSS may spend 50ms to perform the Handover Resource allocation procedure (the time between the Handover Request and Handover Request Acknowledge messages).

· Ratio delay of the Handover Resource allocation procedure:

= Delay of each call leg access / Time of Handover Resource allocation
Scenario 1 = 71.0 / 50 = 142%
Scenario 2 = 69.0 / 50 = 138%
Scenario 3 = 54.8 / 50 = 110%
So it is clear to see Intra-BSS detection by BSS will require a number of additional CPU resources and more time to perform the access request.
4 Potential risks
In this paragraph, some potential risks when leaving the intra-BSS call detection in the BSC are provided.
4.1 BSS overload

In case the BSS is already overloaded, there is no additional processing power to perform the call leg correlation. 
By using the approach where the BSC detects intra-BSS calls, since the BSS has not enough remaining processing power for intra-BSS call detection, this might increase the risk that intra-BSS call detection fails at the BSS.

In this case, the BSS may not perform the LCLS call leg detection, the LCLS Indicator Ack IE will always indicate that 'The call cannot been locally switched', also for some calls which are intra-BSS calls.
4.2 Legacy BSS which has not considered the LCLS processing power before
The LCLS functionality will be a new introduced feature for all the BSSs which are already working in live networks. Basically, for those BSSs, the BSS will only update the SW in order to support LCLS function, and there will be no HW update. However, for these BSSs no spare processing power was left for the LCLS functionality when the original system version was designed.
So if we require too much processing power for the LCLS functionality, this may raise some risks to the legacy BSSs. And in general some old BSSs may not have enough processing power to make the intra-BSS call detection.
5 Conclusion
The approach where the BSS performs the intra-BSS call detection will require much more processing power than in the case where the CN makes the detection. And some potential risks will be raised by the limited processing power in existing BSSs. So, from a GERAN point of view, it will be better if these potential risks can be avoided.
It is proposed that the intra-BSS call detection will be made by the CN. Or, at least it will be possible for the CN to make the intra-BSS call detection, when the BSS has no processing power for the intra-BSS call detection.
