3GPP TSG-RAN WG4 #52bis
R4-093714
October 12th –  16th  2009

Miyazaki, Japan
Agenda item:
6.1.1.3
Source: 
Qualcomm Europe

Title: 
CSFB long measurement gap
Document for:
Approval
1. Introduction
The introduction of a feature called Circuit Switched Fall Back (CSFB) had been discussed in RAN2. A related LS, R2-095330 has been sent to RAN4 to request the evaluation of the measurement duration expected with the currently defined measurement gap patterns and evaluate the achievable gains with defining a new continuous measurement gap. In this contribution, we give input to the response LS. 
2. Discussion

In areas where LTE gets deployed as an overlay to an existing circuit switched network, e.g. WCDMA or GSM, a possible voice service solution is to handle voice calls on the circuit switched network. This operation is called CSFB. In order to conserve battery life, in idle mode, the UE would only wake up for pages on the LTE network, therefore for voice calls, even though the call connection will be completed on the circuit switched network, the pages would be still sent on LTE. In this case, when a voice page arrives, the UE typically does not have current RRM measurements of the circuit switched network. Therefore in the voice call connection, additional delays can be expected due to the required RRM measurements in addition to the handover delay. In order to keep the call connection delays at an acceptable level without sacrificing battery life with standby IRAT measurements in preparation for possible voice calls, it is important to ensure fast RRM measurements on WCDMA or GSM.  

In this contribution, we discuss only the WCDMA measurement aspects.  The GSM measurements had been discussed in [2]. 

In Table 1, we give a comparison of CSFB delays in the following three scenarios:

1. Single UTRAN frequency, the UE makes measurement on one frequency followed by a handover to a known cell

2. Three UTRAN frequencies, the UE makes measurement on all three frequencies followed by a handover to a known cell

3. Three UTRAN frequencies, the UE makes measurement on one of the three frequencies followed by a blind handover

Note that only the RRM related (cell identification + measurement + handover) time periods are included in Table 1. There are additional call flow delays in the actual call setup but those are assumed to be equal for the different scenarios. 

	Scenario
	Time period
	Gap Pattern Id 0, requirement    (ms)
	Gap Pattern Id 0, estimated typical case  (ms)
	Continuous Gap, proposed requirement (ms)
	Continuous Gap, estimated typical case (ms)

	(1)

Single frequency, 1 frequency measurement, handover to known cell
	Cell identification
	2400(2)
	400(3)
	300(2)
	50(4)

	
	CPICH measurement
	480(8)
	400(9)
	200(11)
	100(12)

	
	PRACH for time adjustment
	0(13)
	0(13)
	23(15)
	0(14)

	
	Handover delay
	190(16)
	190(16)
	190(16)
	190(16)

	
	Total
	3070
	990
	713
	340

	(2)

3 frequencies, 3 frequency measurements, handover to known cell
	Cell identification
	7200(2)
	1200(5)
	900(6)
	150(7)

	
	CPICH measurement
	1200(8)
	600(10)
	600(18)
	300(19)

	
	PRACH for time adjustment
	0(13)
	0(13)
	23(15)
	0(14)

	
	Handover delay
	190(16)
	190(16)
	190(16)
	190(16)

	
	Total
	8590
	1990
	1713
	640

	(3)

3 frequencies, 1 frequency measurement, handover to unknown cell
	Cell identification
	2400(2)
	400(3)
	300(2)
	50(4)

	
	CPICH measurement
	480(8)
	400(9)
	200(11)
	100(12)

	
	PRACH for time adjustment
	0(13)
	0(13)
	23(15)
	0(14)

	
	Handover delay
	290(17)
	290(17)
	290(17)
	290(17)

	
	Total
	3170
	1090
	813
	440


Figure 1  CSFB RRM Related Delay Comparison
 Notes: 
1. All values are given in units of ms
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,  Tbasic_identify_UTRA_FDD  = 300 ms, 8.1.2.4.1.1.2 in [4],  for Gap Pattern Id #0, Tinter1=60, (see Table 8.1.2.1-1 in [4]),  for continuous gap, Tinter1=480
3. Taking an example the DRX case, the UE is required to perform UTRAN cell identification in 20 DRX cycles in 3200 ms (see Table 8.1.2.4.1.2-1 in [4]). 20 measurement gaps with 40ms gap period (Gap Pattern Id #0) gives 800 ms cell identification time requirement. Assume half as typical value, which gives 400 ms. 
4. The UE is required to perform UTRAN cell identification in 20 DRX cycles (see Table 8.1.2.4.1.2-1 in [4]). Assume each UTRAN measurement lasts 5ms, 20x5ms=100 ms per UTRAN frequency cell identification time requirement. Assume half as typical requirement, which gives 50 ms.

5. Value in Note 3 multiplied by number of frequencies (3), which gives 1200 ms. 

6. Value in Note 2, for continuous gap, is multiplied by the number of frequencies (3), which gives 900 ms. 
7. Value in Note 4 multiplied by number of frequencies (3), which gives 150 ms. 
8. 
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,  TMeasurement_Period UTRA_FDD = 480 ms, Tbasic_measurement_UTRA_FDD = 50 ms, 8.1.2.4.1.1.2 in [4],  for Gap Pattern Id #0, Tinter1=60, (see Table 8.1.2.1-1 in [4]),  for continuous gap, Tinter1=480
9. Similar value as in Note 8 but assume that typical UE reports measurement 80 ms earlier to ensure compliance. 
10. Assume a minimum of 5 measurement gaps per frequency. For 3 frequencies, this gives 3*5*40ms=600 ms.

11. TMeasurement_Period Intra = 200 ms, 8.1.2.2.2 in [5].
12. Assume half of the value in Note 11 as typical, which gives 100 ms.

13. LTE timing advance is assumed current in the case using measurement gaps, it is not required to send PRACH before measurement report. 

14. Since measurement lasts less than 500 ms, LTE timing advance is assumed current; therefore it is not required to send PRACH before measurement report. 

15. Measurement lasts 500 ms, it is assumed that UE sends PRACH before measurement report. Interruption uncertainty TIU =15 ms is assumed with PRACH configuration 4.  PRACH response delay is 8 ms, resulting in 23 ms total additional delay.   
16. Handover delay for known cell.  50 ms (RRC procedure delay) + 140 ms (Tinterrupt) = 190 ms, see A.5.2.1.2 in [4].

17. Handover delay for unknown cell.  50 ms (RRC procedure delay) + 240 ms (Tinterrupt) = 290 ms, see A.5.2.7.2 in [4].

18. Value in Note 11 multiplied by number of frequencies (3), which gives 600 ms. 
19. Value in Note 12 multiplied by number of frequencies (3), which gives 300 ms. 

Based on the values shown in Table 1, the CSFB delay reduction achievable with continuous measurement gaps is shown in Table 2 below. 

	Scenario
	Maximum delay reduction with continuous gap    (ms)
	Typical delay reduction with continuous gap    (ms)

	1
	2357
	650

	2
	6877
	1350

	3
	2357
	650


Figure 2 CSFB Delay Reduction with Continuous Measurement Gaps
As it can be seen from Table 2, the estimated achievable delay reduction with continuous measurement gaps is significant, even for the typical delay values. 
Proposal:   Define a new gap pattern for continuous inter-frequency measurements and define the corresponding performance requirements based on the existing intra-frequency requirements. 
3. Conclusion
We presented a delay comparison between Rel8 operation and a possible Rel9 enhanced operation with continuous measurement gap for CSFB call set up.  Only the RRM related delays, cell identification, measurement and handover delay were considered, since the other delays can be assumed to be common. 
Based on the presented comparison, the introduction of a continuous long measurement gap would increase the CSFB handover performance; therefore we suggest that RAN4 recommends the introduction of the corresponding new gap pattern.  
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