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1
Introduction
In RAN2 a discussion has been started on the WI about mobility enhancements for CSG. In this paper we try to analyze the possible interruption times for service with different CSG inbound mobility solutions for UTRAN and E-UTRAN. The possible problems and some solution possibilities referred to here are described in [4] with more details.
2
SIB Reading in Connected Mode
The Rel’8 mobility procedures have explicitly been defined so that UE does NOT have to read any system information before the handover execution ([1], [2]). This decision was done both to have as simple handover procedure as possible and to have the least service interruption time. But in idle mode, where the UE has more time to read system information, UE will read SIB1 before accessing a CSG cell [3]. Similarly, most of solutions proposed for active mode CSG inbound mobility require UE to read SIB1 from neighbouring cell (to get the CSG id and hence, GCID of the cell), which is in direct contradiction to previous assumptions, and may have some impact on the service continuity. 
REL8 LTE already has ANR procedure for reading CSG id of a cell, but ANR has some limitations as it is only supported if NW can provide decent DRX periods for the UE to read the information. But regardless of scheme, almost all the proposals suggest that SIB1 reading is done at some point by the UE. We try to analyse the impact of that to service continuity in this chapter.
2.1
Reading SI before handover for CSG mobility purpose in LTE 
Assuming that UE does not have an active DRX configuration or the DRX periods are short enough so that ANR can not be utilised, (i.e. it is UE has active transmission ongoing), the SI reading will very likely cause some service interruption.

The solution 2 in [4] assumes that UE reports to the eNB that a CSG cell is close-by according to e.g. fingerprint information, and the eNB then chooses whether to assign gaps to the UE. It could also be possible that the UE could autonomously start reading SI after the reporting. While trying to read the CSG id, service interruption can happen, and the CSG access check can also fail in either UE (not in UE’s whitelist) or network (outdated information in UE). The service interruption can be of variable length also depending on how the SI reading is done. Figure 1 shows the signalling for a case when handover is allowed towards the detected CSG cell.
Figure 1. Handover with SIB reading for LTE: CSG access allowed
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2.1.1 Interruption time for MIB/SIB1 reading in LTE
To know the SIB1 timing, UE needs to first read MIB, which contains the SFN for the cell. Reading MIB could take ~80 ms time in the worst case, and reading SIB1 could take another 80 ms, which could lead to long gap in service. In case UE would be mandated to do this for each and every CSG, a UE in area with densely-deployed CSGs could suffer from frequent service breaks. And if the checked CSG cell turns out to not be accessible the whole reading process would be useless. 

Delay for reading MIB in LTE 
· Indication to NW that UE needs to read MIB/SIB1: 20 ms
· A total gap of 80 ms should be sufficient for reading MIB (UE is able to combine 4 repetitions)

· In best case, only 10 ms gap would be required, but that would assume that UE is able to receive MIB in one shot and MIB transmission happens when the gap is assigned.

· A gap of 40 ms would ensure that UE is able to receive MIB at least once, but UE may not be able to to combine MIB transmissions in such a case

· After MIB reading, UE knows the SFN timing of target cell (which the eNB can then use to activate gap pattern for reading SIB1)
Delay for reading SIB1 in LTE 
· If SFN timing is transmitted to eNB (i.e. information from reading MIB), eNB can assign small dedicated gaps for SIB1 reading (i.e. gaps that overlap with the neighbour cell SIB1 transmission):
· Time needed to signal timing to eNB and get gap allocation: 20 ms
· Assuming gap repetition period of 40 ms and 6 ms gap length are assigned for SIB1 reading, at most two SIB1 receptions can be combined --> Assuming two repetitions, UE reads the SIB1 with 80 ms delay

· Note that even with cell asynchronicity, a 3 ms gap aligned with the CSG cell timing would be sufficient reading SIB1, but the gap pattern of 6 ms gap every 40 ms already exists in Rel’8

· If SFN timing is not transmitted to eNB: Since SIB1 is transmitted at 20 ms intervals and SFN information is known, 80 ms gap could be sufficient for reading also SIB1 (if dedicated gaps are not requested)

· After SIB1 reading, UE knows the SI scheduling information and CSG id

With realistic assumption, reading MIB+SIB1 can thus result in 80+80 = 160 ms service interruption. If SFN timing is provided for eNB, the SIB1 gap length can be reduced to 6 ms gap already provided in Rel’8, but the total time for reading both MIB and SIB1 is then increased slightly.

2.1.2 Handover Execution Delay and Service Interruption Time
Service is interrupted by both MIB/SIB reading and handover execution: The former is a new procedure (for handover), but the latter is the same as in Rel’8. It should also be noted that the service interruption time is different from the total handover delay: The total handover delay starts from when UE detects that handover would be needed and sends a measurement report and ends when the UE has successfully completed the handover.

Service interruption 
Service interruption refers to stopping U-plane service and only happens during handover execution procedure, but the gaps required by SIB reading can also cause some packets to be dropped (in case of e.g. VoIP-service, which has tight packet delay limits). So the service interruption time caused by handover procedure remains the same as in Rel’8 with the SIB-reading approach.
· As seen above, SIB reading can result in 80-160 ms delay, which corresponds to 4-8 VoIP packet arrival periods. Assuming 50 ms delay bound for the packets, this means 2-8 lost (consecutive) VoIP packets, and happens whenever CSG id is read. Unless the CSG id reading is done very frequently, this service interruption should not be severe enough to cause service quality degradation.
Handover execution delay
The total handover delay, starting from UE requesting gaps to read MIB/SIB1 and ending when handover to CSG cell is completed, is larger than the service interruption time: 
· If the SFN timing is transmitted to eNB, the delay is 20 + 80 + 20 = 120 ms + Normal HO procedure time
· Additionally, smaller gaps are then assigned for SIB1 reading, which also takes some time: 20 + 80 ms (or more) = 100 ms could be assumed for this, in which case the delay becomes 220 ms + Normal HO procedure time
· In this case, 1-4 VoIP packets may end up being dropped due to the 80 ms gap
· If both MIB/SIB1 is read with one 80 ms gap and consecutive gaps are used for the reading, the delay is 20 + 80 + 80 + 20 = 200 ms + Normal HO procedure time
· In this case, 5-8 VoIP packets may end up being dropped due to the (total) 160 ms gap
Based on above, extra 200/220 ms is needed when compared to normal macro cell mobility if rather optimal “gaps” for SIB reading are provided and MIB/SIB1 can be read after the first few tries. In case simpler procedures for SIB reading are considered, the process of reading SIBs could easily take hundreds of milliseconds longer (e.g. if it is impossible to have 80ms gap and if gaps needs to be assigned to UE in “blind” manner i.e. source eNB does not know timing of target cell). The longer the HO procedure time is the more probable it is that there will be a failed HO to CSG cell or even RLF.  
2.2
Reading SI before handover for CSG mobility purpose in UMTS

The same principles apply for UMTS as for LTE, but the CSG id is contained in SIB3 in UTRAN. The estimates for total delays are listed below and Figure 2 shows a simplified diagram for the handover signalling:
Service interruption:

· due to synchronisation to the new cell/frequency: 20ms (estimate)
· due to MIB reading: 80 ms (MIB 80ms repetition)

· due to SIB3 reading: 160 ms (SIB3 160ms repetition)
· normal HO fallback delay: ~70ms (sync procedure A and PC preamble on fallback to DPCH)

Maximum Service interruption: 20 + 80 + 160 + 70 = 330ms 

Handover execution delay:

· Normal hard HO delay: assumed ~140ms (sync procedure A, PC preamble and SRB delay on new cell )
· Normal SRNS relocation procedure delay (depends on network implementation)
Total delay starting from MIB reading until HO execution is complete: 20 + 80 + 160 + 70 + 140 + normal SRNS relocation procedure delay = 570 ms + normal SRNS relocation procedure delay 

NOTE: The delays above may be longer/shorter depending on 1) UE ability to sync to the HNB and 2) the network implementation. 
Figure 2. Handover with SIB reading for UMTS: CSG access allowed (normal case)
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2.3
SIB Reading during Handover
The SIB1 access right checking could also be done during the handover: The proposals in [4], [5] and [6] present a scheme where UE is commanded first read the relevant SIB(s), check access rights and only if the access is allowed continue with the handover. In this case, the source cell need not know the target cell GCID if a context fetch is performed after the UE has accessed the target cell. However the interruption times on the user plane need further analysis.

In [6] is shown one proposal for the network internal signalling procedure which is triggered by the UE accessing the target CSG cell. Although the details of the network internal signalling are not in the scope of RAN2, the additional service interruption time due to this signalling should be taken into account. 
Based on the signalling flow shown in [5] and in [6] the additional service interruption time would be generated by the network internal signalling, which is normally done as part of the HO preparation phase, i.e. when the UE continues to have the User Plane data transmission on in the source cell. The exact service interruption time will depend on the deployment scenario and network configuration, however based on the current RAN3 working assumptions the macro cell and the HeNB will not have direct X2-connection and therefore the messages will go over the S1-path. Additionally it is worth to note following dependency in the procedure:
· the target cell can accept the RRC connection re-establishment request first after receiving the HO Request from the MME, because the CSG access control shall be successfully performed before proceeding with the radio interface signalling.

· The source cell can start the user plane data forwarding towards the target cell first after receiving the HO command message from the MME indicating the successful HO preparation in the target and CSG access control.This will lead to additional delay in switching on the DL user plane data transmission in the target HeNB.
This results in longer HO execution time (i.e. causes longer service interruption), and there are some pitfalls: For example, the UE may have outdated CSG id information, in which case UE accesses the cell but is rejected at the context fetch – phase, the UE to either reverts back to the old (source) cell or loses the connection (i.e. RLF).
2.3.1 Handover Execution Delay and Service Interruption Time for LTE

Since the SIB reading is done during the handover for this solution, the effects are immediately visible in both the service interruption and handover execution delay. However, it should be noted that there is no extra delay in the handover preparation phase. There is also a difference to typical handover in that dedicated RACH preamble is not provided in HO command, so UE needs to read SIB2 to access the cell.
Delay for reading SIB2 in LTE

· SIB2 needs to be read if RACH parameters are not provided in to UE in HO command.

· After SIB1 reading, UE knows the repetition period for SIB2 

· If SIB2 can be read at the same time as SIB1, 0 ms additional delay is possible (i.e. SIB1 and SIB1+SIB2 reading is possible with the same delay)

· This is because SIB2 is always transmitted first in the si-window, and the minimum repetition period is 80 ms

· If si-Window is larger, extra delay is possible

· SIB2 reading time without SIB1 can be estimated as 2* 80 = 160 ms (assuming two attempts to get SIB2 decoded)
Delay until CSG cell can be accessed (in LTE):
· UE reads MIB and SIB1 (first MIB, then SIB1): 80 + 80 = 160 ms

· UE reads SIB2 (to obtain RACH parameters): 0 – 160 ms (since UE knows it needs SIB2, the reading can be done concurrently with SIB1)

· RACH delay + sending of UL RRC message (e.g. HO COMPLETE): Average delay around 20 ms [10]

· Context fetch delay: ~100-200 ms (NOTE: This is a very rough estimate: The real value will depend on the solution details of the network internal signalling procedure, that have not yet been decided in 3GPP, and on the network configuration and on other deployment aspects)
Service interruption

The total service interruption time for the UE is as follows:
· Typical interruption time = 160 + 20 + 100-200 = 280-380 ms, which means ~11-16 consecutive VoIP packets lost. 
· “Worse case” interruption time: In case SIB2 is not read together with SIB1, this is extended by ~80-160 ms, leading to interruption time of 340-540 ms, which means 15-25 consecutive VoIP packets lost

In case the access is not allowed in the CSG cell UE needs to perform cell selection (possibely “back to previous” i.e. to source cell) and RRC re-establishment. So this would be similar to normal re-establishment procedure + the additional delay of checking the access right (SIB1 reading). 
2.3.2 Handover Execution Delay and Service Interruption Time for UMTS
Service Interruption time (estimate) for UMTS:

· due to synchronisation to the new cell/frequency: 20ms (estimate)
· due to time to receive full set of SIBs: ~1.2s (required to perform RACH access – assumes NW/UE does not support the deferred SIB11 reading feature. Times may vary due to NW implementation of SIB scheduling)

· due to RACH delay: ~40 ms (typical value)
· due to HO complete delay: 40 ms (estimate – depends on NW implementation)
· due to Context fetch delay: ~100-200 ms? (a very rough estimate based on the values used in LTE scenario above)
Total delay: 20 + 1200 + 40 + 40 + 100-200 = 1.4 – 1.5 s
Service interruption and overall handover delay would be approximately 1.4 – 1.5 s. 
NOTE: The delays above maybe longer/shorter depending on UE ability to sync to the HNB and solution details used for the context fetch procedure.
3
Conclusion
In this paper we have tried to analyze shortly the possible service delays experienced with SIB reading prior and after mobility command CSG inbound mobility solutions. It could be seen that if SIB reading prior the mobility command is required for access checking, there may be a quite long delay to overall handover procedure, which could increase the probability of failed mobility procedures or RLFs in some deployment scenarios. However the SIB reading should not cause severe service interruption on user plane, unless it is done too frequently. If SIB(s) reading is done after the mobility command the consecutive service interruption time will be clearly longer, but the overall handover procedure may end up being shorter. 
The conclusions are similar for both LTE and UTRAN systems: Both of the methods have their benefits and drawbacks, but SIB reading results in less service interruption while context fetch can result in shorter overall handover delay. Especially for UTRAN, the service interruption time for the “SIB reading during handover” is so large that the option does not seem viable.
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