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1. Introduction
Contribution [1] has proposed a method of resolving the PSC confusion problem for pre-Rel-9 UE inbound handover to HNB in the intra-frequency case (e.g. mixed macro-femto deployments, enterprise deployments). The method in [1] relies on the UE Measurement Report including – by RNC configuration – the UEs frame number differences with respect to measured cells.

With this information in the Measurement Report, it is shown in this contribution that the method in [1] fulfills the requirement of being “some magic / simple solution” [2]:
1. is very reliable (e.g. over 99.6% HNB identification success rate in typical residential urban scenarion and call length)
2. requires only the addition of a few HNB-identifying IEs to the HNBAP Register Request procedure.
3. is implementable with minimal – if any – macro network changes

To prove claims, we address in this contribution:
a. the performance achievable by the method 
b. the step-by-step procedure leading to HNB identification

c. the standards and implementation impact

2. Pre-Rel-9 UE inbound mobility procedure
The inbound mobility steps leading to identification of the HNB are illustrated in Figure 2.1. 
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Figure 2.1 Inbound Mobility procedure steps (for HNB identification)
The basis of the HNB identification method is constituted by the presence of the following information both in the UE Measurement Report Message (MRM), and in the HNB-GW for each HNB:

· PSC of the HNB (PSCHNB)
· PSC of the Macro NB (PSCMNB)
· Frame difference between HNB and macro NB (∆SFNMNB-HNB) as discussed in [1]
The Inbound mobility steps are (steps are numbered as in Figure 2.1)
1. UE detects the HNB PSC
2. UE sends a MRM to the RNC
· triggered by existing handover event
· Including delta-SFN information.
3. RNC sends Relocation Required to the CN
· MRM is included in RANAP message
· Potential implementation impact here, since MRM inclusion is optional 
4. CN sends Relocation Request to the HNB-GW
5. HNB-GW identifies the target HNB
· based on matching of (PSCMNB, PSCHNB, ∆SFN) from UE MRM against similar information in HNB-GW
· Standards impact here:
· HNB-GW must collect HNBs’ (PSCMNB, PSCMNB, ∆SFN)-tuple 
· HNB-GW to match collected tuple with MRM from step 4
6. HNB-GW forwards Relocation Request  to the HNB, if the target HNB is allowed for the UE
If the UE is allowed access to the HNB, the HNB sends a UE handover command via Relocation Request Acknowledge to the CN, which forwards it to the RNC via Relocation Command. The RNC then sends the handover command to the UE. These steps are not shown in Figure 2.1, since they occur post-HNB identification and no standards change is required for them.
3. Performance of the procedure
In this section, we aim to show that the likelihood of unauthorized handovers due to the mentioned HNB identification procedure is very low. Details about the the analysis and parameters used to derive the results in this section can be found in the various Appendices (Section 7).
In a residential neighborhood, and a call duration t:

ρ =
housing units/km2 

r =
HNB penetration in carrier, i.e. (#HNBs in carrier)/(housing unit)

v =
speed with which user walks in straight line.

f =
relative density factor to take into account varying population density in a city (1=normal density, 5 = very high housing unit density)

the UE encounters n = (30 f ρ r v t) HNBs, as illustrated in Appendix 7.3. Unless the UE very close its authorized HNB, each of these n HNBs is unauthorized. 
Handover attempts to such HNBs result in call recovery (and lost voice frames). Such situation is undesirable. The occurrence of such an event is shown in Table 3.1
The performance figures in Table 3.1 are computed
 (c.f. Appendices 7.3 and 7.4) for the following parameter values 

v = 3 km/h (pedestrian speed of UE displacement)

t = 2 minutes call duration
HNB market penetration = 20%

Table 3.1
	Case↓
	Likelihood of unauthorized  HO↓

	
	ρurban = 3000 housing units/km2
	ρurban high-density = 10000 housing units/km2

	Normal household concentr. (f=1.0) 
→
	0.07%
	0.2%

	Dense high-rise neighborhood (f=5.0) 
→
	0.34%
	1.1%


4. Standard and Implementation Impact
1. RANAP Relocation procedure must include handover-triggering UE MRM:
· Implementation: RNC required to include optional Measurement Report IE in the relocation procedure (some vendors already implement this) c.f. step 3 of the procedure
2. HNB-GW must collect HNB-identifying information from HNBs:
· Standards: three new IEs (PSCMNB, PSCHNB, ∆SFN) of HNB Innformation  in HNBAP Register Request
· Implementation: HNB-GW must store & match HNB information with MRM from received from step 5 of the procedure
5. Summary and Proposal

We show in Section 3 that the proposed method is very effective. In Section 4, the standards (HNBAP) and implementation (HNB Subsystem and – maybe – RNCs) impact are also shown to be minimal.
Proposal 1: Agree to allow support for pre-Rel-9 UE for HNB inbound handover, as described in this contribution.
If agreed, we will provide corresponding CRs for the next RAN3 meeting.
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7. Appendix

7.1.  Probability of HNB identification error, for a given unauthorized HNB
Assumptions:
· HNBs randomly select their (PSCHNB, PSCMNB, ∆SFN)-tuples.
· There are k PSCs to choose from
· HNBs update their ∆SFN values with the HNB-GW every 8 hours
· see Appendix 7.2
· Each femto user (UE owner) has a single closed HNB.
Probability of identification error
· Given that UE encounters a non-allowed HNB, the probability that that one encountered HNB has the same (PSCHNB, PSCMNB, ∆SFN)-tuple as the HNB where the UE is allowed (c.f. Appendix 7.2) is:
Pid.err = PPSC match * P∆SFN match  = (1/k) * (1/128) = 1/(128 k)
· E.g. (k = 5 PSCs for HNBs) => Pid.err < 0.16 %
7.2.  Updating the (PSCHNB, PSCMNB, ∆SFN) tuple at the HNB-GW

From [3]:

a. HNB frequency error is at most 0.25 ppm 

b. Macro NB frequency error is at most 0.1 ppm 

c. Time for HNB clock and NB clock to drift one frame apart (i.e. 10  ms):  10 ms / (0.25 + 0.1) ppm ≈ 8 hours
HNB must inform the HNB-GW of its:

· PSCHNB, whenever it changes
· PSCMNB, w.r.t. which ∆SFN is computed 

· ∆SFN value = SFNHNB – SFNMNB, about every 8 hours (from c, above).
=>
∆SFN is known within ±1 frame. 

Since there are 256 possible ∆SFN values [4], only 256/2 = 128 of them are usable.
HNBAP changes:
· delta-SFN, Macro-PSC  and HNB-PSC IEs to be added to HNB REGISTER REQUEST. 

7.3.  Number of HNBs encountered by walking user
Assume:
· a UE attempts handover to HNB when within 15 m (~80 dB) from the HNB. (Actual distance can vary among HNBs. The 15 m effective distance is consistent with observed simulation results).
Let: 
· ρ = average number of housing units/area 
· r = HNB penetration in carrier (number of HNBs in carrier/ housing unit)

· v = speed with which user walks (in straight line).

· f = relative density factor to take into account varying population density in a city 


(ftypical = 1; fvery high concentration = 5, where very high housing unit concentration can occur, for instance, in 

 areas of concentrated high-rise buildings)
Number of HNBs a UE encounters (potential candidates of unauthorized handover) in time t:   
nHNB = (density of HNBs) * (area of potential handover) = (f ρ r) (30 v t)
For an illustration, see Figure 7.3.1
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Figure 7.3.1 Number of HNBs encountered by walking user

NOTE: r - the HNB penetration in carrier  - is derived from the HNB market penetration as follows:

· 80% of the population is assumed to own cell-phones

· The operator owns 30% of the local market

=> r = 0.8 * 0.3 * (HNB market penetration).

E.g. for 20% HNB market penetration, the HNB penetration in carrier is r = 0.8 * 0.3 * 0.2 = 0.048
The likelihood of a call with at least one unauthorized handover is:
Punauth.HO = 1 - (1 - Pid.err)n
· Such handovers can be limited to areas where the HNB-GW does not know whether the UE is authorized or not (expected to be about one macro diameter from UE’s authorised HNB)
· The identification error for a triggered measurement report, Pid.err, is derived in Appendix 7.1
7.4.  Performance Graphs
7.4.1.  Performance (by call length), 3000 house units/km2
· Unauthorized handovers result in lost voice frames. Here:

· ρurban = 3000 housing units/km2 

· v = 3 km/h; 5 PSCs reserved for HNBs

· r = 4.8% HNB penetration in carrier (i.e. 20% HNB market penetration)

· f = 1.0 (average concentration of housing units)

· call length is varied (1->10 minutes)
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Figure 7.4.1 Probability of unauthorized handover - by call length), 3000 house units/km2
7.4.2.  Performance (by relative density), 3000 house units/km2
· Unauthorized handovers result in lost voice frames. Here:

· ρurban = 3000 housing units/km2 

· v = 3 km/h; 5 PSCs reserved for HNBs

· r = 4.8% HNB penetration in carrier (i.e. 20% HNB market penetration)

· f = relative density varied from 0.5 (low) to 5 (very high) concentration of housing units
· call length = 2 minutes
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Figure 7.4.2 Probability of unauthorized handover - by relative density), 3000 house units/km2
7.4.3.  Performance (by call length), 10000 house units/km2
· Unauthorized handovers result in lost voice frames. Here:

· ρvery high density = 10000 housing units/km2 

· v = 3 km/h; 5 PSCs reserved for HNBs

· r = 4.8% HNB penetration in carrier (i.e. 20% HNB market penetration)

· f = 1.0 (average concentration of housing units)

· call length is varied (1->10 minutes)
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Figure 7.4.3 Probability of unauthorized handover - by call length), 10000 house units/km2
7.4.4.  Performance (by relative density), 10000 house units/km2
· Unauthorized handovers result in lost voice frames. Here:

· ρvery high density = 10000 housing units/km2 

· v = 3 km/h; 5 PSCs reserved for HNBs

· r = 4.8% HNB penetration in carrier (i.e. 20% HNB market penetration)

· f = relative density varied from 0.5 (low) to 5 (very high) concentration of housing units
· call length = 2 minutes
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Figure 7.4.4 Probability of unauthorized handover - by relative density), 10000 house units/km2
� EMBED Visio.Drawing.11  ���








� In this contribution, we assume 5 PSCs are reserved for HNBs in the deployment (generlization in Appendix � REF _Ref238439841 \r \h ��7.1�)
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