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1. Introduction

In this document, two different solutions (pure GCR solution and GCR+BSC Id solution) for the LCLS are compared, and two main differences are highlighted. And according to the analysis, the P-CR proposes that the compromised solution (GCR + BSC Id) to be standardised.
2. Reason for Change

The comparison of two different solutions (pure GCR solution and GCR+BSC Id solution) is as follow.
2.1

Comparison and Analysis on signalings

2.1.1
Comparison on signalings

In this paragraph, the comparison on the CN signalling is provided.
Following figures show the signaling between oMSC and tMSC for both solutions. The new information elements introduced by LCLS are shown in red.
2.1.1.1
Call Setup procedure

Figure1 shows the signaling in the CN when LCLS is successfully established during the call setup procedure.
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Fig1 Successful Establishment of the local switch during call setup procedure

Figure2 shows the signaling in the CN for the call setup procedure without LCLS establishment.
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Fig2 call setup flow without local switch establishment
2.1.1.2
Inter-BSS Handover procedure

Figure3 shows the signaling in the CN when LCLS is successfully established during inter-BSS handover procedure.
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Fig3 Successful Establishment of the local switch during inter-BSS handover procedure

Figure4 shows the signaling in the CN during inter-BSS handover procedure without LCLS establishment.
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Fig4 inter-BSS handover procedure without local switch establishment
2.1.1.3
Inter-MSC Handover procedure

Figure5 shows the signaling in the CN when LCLS is successfully established during inter-MSC handover procedure.
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Fig5 Successful Establishment of the local switch during inter-MSC handover procedure

Figure6 shows the signaling in the CN during inter-MSC handover procedure without LCLS establishment.
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Fig6 inter-MSC handover procedure without local switch establishment
2.1.2
Analysis of signaling
According to the comparison above, it is easy to derive that the impacts to the CN signaling are very similar for the both two solutions. The only difference is that the one or two additional IEs need to be exchanged in the CN for the GCR+BSC Id solution. However, these IE are almost always sent together with other IEs. So that BSC ID does not cause any additional signaling.

2.2

Comparison and Analysis on processing power requirements
2.2.1
Comparison on processing power requirements for the LCLS

2.2.1.1
Scenario 1

In this scenario following conditions are assumed:
	Scenario

	Number of active call legs in the BSS
	15000

	Number of Intra-BSS Call legs
	200

	The average call duration
	90s


For the GCR+BSC ID solution and Original BSC ID 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 calculation 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/s

For the Original GCR 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 calculation 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/s
2.2.1.2
Scenario 2

In this scenario following conditions are assumed:
	Scenario

	Number of active call legs in the BSS
	15000

	Number of Intra-BSS Call legs
	1000

	The average call duration
	90s


For the GCR+BSC ID solution and Original BSC ID 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= 1000/15000
· Number of comparisons for each call leg belonging to an intra-BSS call = 15000/2 (in average)

· Number of calculation 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/s

For the Original GCR 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 calculation 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/s
2.2.1.3
Scenario 3

In this scenario following conditions are assumed:
	Scenario

	Number of active call legs in the BSS
	15000

	Number of Intra-BSS Call legs
	7000

	The average call duration
	90s


For the GCR+BSC ID solution and Original BSC ID 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= 1000/15000
· Number of comparisons for each call leg belonging to an intra-BSS call = 15000/2 (in average)

· Number of calculation 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/s

For the Original GCR 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 calculation 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/s
2.2.1
Comparsion
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.
2.3
Calculation on processing power requirement

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.
2.3.1
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.
2.3.2
Calculation 2 (for some old BSC)

Assume there is a 32bit CPU with 500MHz. 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 / 500000000 = 9.93%
Scenario 2 = 48333340 / 500000000 = 9.67%

Scenario 3 = 38333340 / 500000000 = 7.67%

· Delay of each call leg access

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

Scenario 1 = 49666660 / 500000000 = 99.3ms
Scenario 2 = 48333340 / 500000000 = 96.7ms
Scenario 3 = 38333340 / 500000000 = 76.7ms
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 = 99.3 / 50 = 199%
Scenario 2 = 96.7 / 50 = 193%
Scenario 3 = 76.7 / 50 = 153%
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.
2.3.3
Optimization for the old BSC
According to the calculation above, in section 2.3.2, it is clear to see that the pure GCR solution will require lots of old BSC resources, and will delay both call leg access and handover resource allocation procedures.

In this section, we assume that on comparison algorithms has been optimized. And then, the number of comparison for each GCR is reduced to about only 1/8 to the number of active call legs in the BSS.
Note: Actually, the optimization does not always work at the best performance.

The number comparison will be:

	 
	Number of calculations per second 

	
	BSC detection

	Scenario 1
	620832 

	Scenario 2
	604166 

	Scenario 3
	479166 


And then the calculation on processing power requirement will 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 = 620832 * 20 / 1 = 12416640 CPU clock periods
Scenario 2 = 604166 * 20 / 1 = 12083320 CPU clock periods
Scenario 3 = 479166 * 20 / 1 = 9583320 CPU clock periods
· CPU Usage for each second

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

Scenario 1 = 12416640 / 500000000 = 2.48%
Scenario 2 = 12083320 / 500000000 = 2.42%

Scenario 3 = 9583320 / 500000000 = 1.92%

· Delay of each call leg access

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

Scenario 1 = 12416640 / 500000000 = 24.8ms
Scenario 2 = 12083320 / 500000000 = 24.2ms
Scenario 3 = 9583320 / 500000000 = 19.2ms
· 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 = 24.2 / 50 = 48.4%
Scenario 3 = 19.2/ 50 = 38.4%
So it is clear to see, even the comparison number is reduced to the 1/8 of the original number. It will still cost more than 2% BSC resources.
2.4
Potential risks

In this paragraph, some potential risks when leaving the intra-BSS call detection in the BSC are provided.
2.4.1
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.
2.4.2
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.
3. Conclusions

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 it will be better if these potential risks can be avoided.

Furthermore, the impacts to the CN by using pure GCR solution and GCR+ BSS ID solution are very similar to each other.

Therefore it is proposed that the intra-BSS call detection will be made by the CN.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.889, version 1.2.0.

* * * First Change * * * *

15.
Conclusions and Recommendations

Since GCR+BSD ID solution can save a lot of processing power resources while has only tiny impacts on the CN, it recommends that the GCR+BSD ID solution can be adopted as the normative work.
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