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1 Introduction

“Enhancements for CS call establishment procedure” [1] was proposed as a new WI for Rel8 at last RAN meeting, and a way forward was given that [2]:

RAN tasks ran wg3 to:


- Study potential solutions improving the CS call support within the scope of the SI on 
future HSPA evolution.

- compare performance of different solution alternatives, including VCC solutions and 
others.

- report back on the results to RAN-38 including recommendations on a way forward 
from 2008 Q1 and onwards, aiming at having solutions included in the Rel-8. 


With the “collapsed” deployment option that merge RNC functionality with the NodeB, CS call will need to be relocated to the legacy RNC causing additional call setup delays compared with the “traditional” deployment option. This paper proposes a solution that can improve CS call setup delay, as well as reducing signalling and processing load.
2 Discussion 

In this part, CS call setup procedures are listed and compared from the CS call setup delay and signalling and processing load point of view. Here we take the CS voice call setup procedure with UE in Cell_DCH state as the comparison case. Only mandatory messages are shown. 
2.1 The original procedure:


[image: image1]
Figure 1 Original CS call setup procedure
In the original procedure, CS call will be setup directly.

2.2 The procedure with collapsed deployment option [4]:
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Figure 2: CS call setup procedure with collapsed deployment option
	Procedure 
	Start message 
	End message
	Delay

	Relocation prepared
	Relocation Required
	Relocation Command
	500ms

	Relocation execution 
	PhyCH Reconfiguration
	PhyCH Reconfiguration Complete
	350ms

	Relocation complete
	Relocation Complete 
	Iu Release Complete
	300ms

	Total 
	
	
	1150ms


Table 1: Additional delay for CS call setup with collapsed deployment option
With the collapsed deployment option, CS call needs to be relocated to legacy RNC that cause the additional call setup delay, signalling and processing load. Iu-CS signalling interface was introduced into NB+ to make paging quick, and make CS call triggered SRNS fast as Initial Direct Transfer will be processed in parallel. Compared with the section 2.1, the additional call setup delay, signalling and processing load are shown by the SRNS relocation signalling flows in the yellow frame, which we think downgrade the performance very much, since the additional call setup delay is above one second, see Table 1. 

So we think enhancing the SRNS relocation signalling flows that are used during the CS call setup procedure for the collapsed deployment option is the most direct way to enhance the CS call setup within the scope of SI. The enhanced procedure is described in the next section. 
2.3 The Enhanced procedure:


[image: image3]
Figure 3: Enhanced CS call setup procedure
The SRNS relocation signalling flows, which are used during CS call setup procedure for the collapsed deployment option, are enhanced with the “Iur” solution. This Iur solution has been proposed for SRNS relocation due to mobility in [4] and [5] and agreed in TR [6] with the advantages of reduced SRNS relocation delay, and reduced signalling and processing delay. 
We think the same enhancement also applies to CS or CS + PS SRNS relocation happened during the CS call setup procedure to achieve the aim of CS call setup enhancement. The small difference is that CS call Relocation Complete message needs to be report to MSC (marked with red color in Figure 3). 
	Procedure 
	Start message 
	End message
	Delay

	Relocation prepared
	Relocation Request
	Relocation Response
	150ms

	Relocation execution 
	PhyCH Reconfiguration
	PhyCH Reconfiguration Complete
	350ms

	Relocation complete
	Relocation Complete 
	Resource Release Command
	250ms

	Total
	
	
	750ms


Table 2: Additional delay for CS call setup with collapsed deployment option including enhanced SRNS relocation

The SRNS relocation procedures in Figures 2 and 3 are marked with a yellow frame. The enhanced SRNS relocation delay in Figure 3 is calculated in Table 2. As can be seen the additional delay imposed by the SRNS relocation procedure, is reduced from 1150ms to 750ms. This is a significant improvement in the order of 400ms.
We see a possibility for further improvements, and enhanced procedure 2 is described in the next section.

2.4 The Enhanced procedure 2:


[image: image4]
Figure 4: Enhanced CS call setup procedure 2
Table 3 shows the delay in the SRNS relocation procedure in the yellow frame in Figure 4 and additionally the saving due to piggybacking of Initial UE message.

	Procedure 
	Start message 
	End message
	Delay

	Relocation prepared
	Relocation Request
	Relocation Response
	150ms

	Relocation execution 
	PhyCH Reconfiguration
	PhyCH Reconfiguration complete
	350ms

	Relocation complete
	Relocation Complete 
	Resource Release Command
	250ms

	Total
	
	
	750ms

	Init UE message
	Piggybacked in Relocation Request
	Done in parallel with relocation; saving time outside the yellow frame
	-200ms

	Total
	
	
	550ms


Table 3: Additional delay for CS call setup with collapsed deployment option including enhanced SRNS relocation with parallel setup of connection to MSC
In section 2.2 and 2.3, the NodeB+ establishes the connection to MSC directly using the Iu-cs CP. Then after receiving the SCCP confirmation, the NodeB+ triggers the relocation procedure. While in the flows in figure 4, NB+ includes the Initial Direct Transfer information into the Relocation Request message and sends it to the legacy RNC, so the connection to the MSC and relocation are done in parallel. In this way, the time of establishing the connection to MSC can be saved (roughly 200ms), and the whole call setup delay can be saved. Although this saving is not as large as with the procedure in Figure 3, this is an additional delay saving worth considering.

In total the two improvement proposals can save in the order of 600ms for the CS call setup procedure.

2.5 Others

New WI “CS over HSPA” was also approved at last RAN meeting, where selected CS bearers can be mapped to HS-DSCH or E-DCH, rather than DCH. This may reduce the call setup delay, signalling or processing load, which is FFS now. But it’s a Rel-8 WI and only Rel-8 UEs can use this feature; as the collapsed deployment option supports legacy UEs, so some enhancement should also be done to enhance the call setup procedure for legacy UEs. In conclusion, we think some direct enhancement to the existing Rel-7 procedure [4] is needed from the legacy UE and backward compatibility point of view. 
3 Conclusion

As discussed above, significant CS call setup delay improvements are possible.

We think the enhancement to the SRNS relocation that is used during the CS call setup procedure is the most direct way to enhance the CS call setup, as all of the performance down gradation is caused by this SRNS relocation. 

Similar with the enhancement for the mobility case [4] [5] [6], an Iur solution can enhance the SRNS relocation that is used during the CS call setup period, reducing call setup delay, signalling and processing load.
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