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1. Introduction 

In RAN4 #52, an LS was received from RAN2 on H(e)NB in bound mobility [1]. One of the questions to RAN4 is “For UMTS, does reduction of the delay in acquiring system information by reducing the repetition periods of SIB3/SIB4 provide significant benefits for inbound mobility to HNBs?”. In this contribution, we provide numerical analysis on the SIB acquisition performance for UMTS.
2. System Information acquisition
2.1 System Information acquisition
For this analysis, we use the dense-urban neighbourhood simulation model described in [1] and focus on corridor-to-apartment UE paths with a UE speed of 3 km/h.
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Figure 1: In-apartment protion of a typical corridor-to-apartment route

The dense-urban neighbourhood is dropped in various locations inside a macro cell (Locations A, B, …, E) ranging from near cell site to cell edge. Location A is near cell site and Location E represent cell edge. We assume that MNBs are 50% loaded. For the channel between HNBs and UE, Rayleigh fading is assumed. The channel between MNBs and UE is assumed to be Rician with K=5. 

System Information acquisition is triggered internally in the UE when all three following conditions are simultaneously met:

1) UE is communicating in CELL_DCH with the Macro NB (we assume this is the case if  Macro CPICH Ec/Io > -21 dB)

2) The HNB’s P-CCPCH channel is decodable (we assume this is the case if CPICHHNB Ec/Io > -18 dB)

3) The HNB quality is within  x dB of the MNB’s quality (i.e., CPICHNB Ec/Io  > CPICHNB Ec/Io - x), where x = 0, 5, 10, 15 dB.

Essential parameters are times TAB, TAC and TBC, as illustrated in Figure 2 for a sample inbound mobility path (x = 15 dB).
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Figure 2: Sample CPICH Ec/Io traces
The points on the graph are:

A: System Information acquisition is triggered (UE starts reading P-CCPCH to eventually acquire SIB3/4)

B: System Information acquisition is complete (UE has just finished reading SIB 3/4)

C: Last chance to communicate with the Macro NB (after point C, N313 “out-of-sync” indications are followed by expiration of T313; altogether approximated as 3 seconds). We assume that out-of-synch with Macro NB occurs whenever Macro CPICH Ec/Io < -21 dB.
From this, relevant parameters are defined in Table 1.
	Parameter
	Description

	TAB
	Time the UE takes to acquire system information. If HNB CPICH Ec/Io > -18 dB the entire time, TAB = 240 ms, as illustrated in Appendix A

	TBC
	Maximum time the handover (RRC, RANAP, RUA/HNB) signalling and network processing can take, before the handover to the HNB fails
. 

	TAC
	Total time taken for system information acquisition and handover signalling and processing


Table 1: Definitions of TAB, TBC, TAC
2.2 Results
Sample results for SIB_REP=16 for Locations A and D in the macrocell are shown in Tables 2 and 3, where the impact on handover signalling failure towards the HNB is computed. Handover signalling failure rate is computed for cases where the UE is on an active macro call at the HNB coverage edge.
The “no SI acquisition” case assumes TAB = 0, i.e. the hypothetical ideal case where SI acquisition is instantaneous or not needed.
The “TAC – 0.240” case assumes SIB_REP = 16 for SIB 3/SIB 4 (see Appendix A)
	Likelihood that required HO signaling time is not met (Location A)
P(actual TBC > time TBC reserved for HO signaling)

	TBC   =  TAC  -  TAB 
(time TBC reserved for HO signaling)
	x = 0 dB 
	x = 5 dB 
	x = 10 dB
	x = 15 dB 

	0.260s 
	= 0.5–0.240 
	 0 %
	 0 % 
	 0 % 
	 0 % 

	
	(no SI acq.) 
	 0 %
	 0 % 
	 0 % 
	 0 % 

	0.760s 
	= 1.0–0.240
	 0 %
	 0 %
	 0 %
	 0 %

	
	(no SI acq.) 
	 0 %
	 0 %
	 0 %
	 0 %

	1.760s 
	= 2.0–0.250
	 0 %
	 0 %
	 0 %
	 0 %

	
	(no SI acq.) 
	 0 %
	 0 %
	 0 %
	 0 %


 Table 2: Handover Failure rate (to HNB) for Location A
	Likelihood that required HO signaling time is not met (Location D) 
P(actual TBC > time TBC reserved for HO signaling)

	TBC   =  TAC  -  TAB 
(time TBC reserved for HO signaling) 
	x = 0 dB 
	x = 5 dB 
	x = 10 dB
	x = 15 dB 

	0.260s 
	= 0.5–0.240 
	1.8 %
	1.8 % 
	1.8 % 
	1.8 % 

	
	(no SI acq.) 
	1.8 %
	1.8 %
	1.8 % 
	1.8 % 

	0.760s 
	= 1.0–0.240
	3.1 % 
	2.7 % 
	2.7 %
	2.7 %

	
	(no SI acq.) 
	2.7 % 
	2.2 % 
	2.2 %
	2.2 %

	1.760s 
	= 2.0–0.250
	4.5 % 
	3.1 % 
	3.1 % 
	3.1 % 

	
	(no SI acq.) 
	3.6 % 
	3.1 % 
	3.1 %
	3.1 %


Table 3: Handover Failure rate (to HNB) for Location D
The impact of SI Acquisition on failure rate is compiled in Figures 3 and 4 for x = 15 dB and x = 0 dB, respectively.
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Figure 3: Impact of SI acquisition on handover failure rate (x = 15 dB, SIB_REP=16)
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Figure 4: Impact of SI acquisition on handover failure rate (x = 0 dB, SIB_REP=16)

From Figures 3 and 4, it is observed that the additional impact of SI Acquisition amounts to less than 0.5% additional failure rate (x = 15 dB) or less than 0.9% additional failure rate (x=0 dB), when SIB_REP = 16, for handover signalling times TBC varying between 0.260 and 1.760 seconds.
For x = 10 dB or x = 15 dB, the additional impact of SI acquisition (taken as a maximum across handover signalling times 0.260 s, 0.760 s and 1.760 s) is compiled in Figure 5, for different SIB repetition rates of SIB3/SIB4.
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Figure 5: Maximum impact of SI acquisition on handover failure rate (x = 10 dB or 15 dB)

From Figure 5, it can be seen that:
· In very good macro coverage (e.g., Location A), SI acquisition has no observable impact on handover failure rate to HNB;
· In most cases, the additional handover failure rate due to the SI acquisition is at most 0.5%;

· In weak macro coverage (e.g., Locations D and E), the additional handover failure rate due to the SI acquisition increases with SIB_REP, up to 1.4% for SIB_REP = 64.
4. Conclusions
In this contribution, we have provided performance analysis for intra-frequency System Information acquisition for UMTS inbound mobility as requested by [1]. The analysis has shown that for pedestrian speeds, the extra time spent by a UE in acquisition of HNB System Information (with SIB_REP = 16, 32, 64 for SIB3/SIB4) causes only a minimal increase in handover failure rate towards HNBs. 
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Appendix A - Time needed for SI reading
Assumptions:

· SIB to be acquired by the UE fits in a single 20ms TTI (this is also a simulation assumption)

· BER ≈ 0 for HNB CPICH Ec/Io > -18 dB (also a simulation assumption)

· HNB CPICH Ec/Io  remains above -18 dB for the duration of  system information acquisition (not a simulation assumption, just for calculations below)

SIB_REP (MIB) = 8

SIB_REP (SIB3 or SIB4) = 16 (could be 4, 8, 16, 32, … , 4096) 
· This leaves 67% worth of “breathing TTI space” for scheduling of other SIBs. 

Maximum possible SIB3 or SIB4 acquisition time is y = y1 + y2 + y3 = 240 ms, where:

· y1 = 20 ms* number of TTIs needed to identify SFN = 40 ms



(worst case: SFN identification  starts 0 < δ → 0 ms after the start of a P-CCPCH TTI). 
· y2 = 20 ms * (2 TTIs until MIB + 1 TTI to read MIB) = 60 ms



(worst case: the SFN that was identified was such that SFN % 8 = 4, just after MIB passed) 
· y3 = 20 ms * (6 TTIs until SIB3 or SIB4 + 1 TTI to read SIB3 or SIB4) = 140 ms

(worst case: MIB was identified during the last SIB3 segment)

it follows that it is possible to leave TBC = TAC  -  TAB  =  TAC  - 240 ms for handover signaling 

Note: The above number assumes worst case UE timing for SIB3/SIB4 acquisition. These worst case assumptions are also used in simulation. Typical case requires smaller SI acquisition time.

� Handover Failure to HNB does not necessarily imply a call drop, as handover to an inter-frequency macro cell is still possible.






