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1
Introduction
One possibility for resolving PCI confusion and allowing UE to perform initial access control (which are both required for inbound handover to CSG cells) is to use a UE based solution as outlined in [1]:
A-1: UE is assigned a measurement gap to acquire cell global ID and CSG ID of target H(e)NB

a. A measurement gap is assigned to the UE to acquire relevant system information of target H(e)NB (MIB and SIB1 of the target HeNB in LTE, and MIB, SIB1 and SIB3 of target HNB in UMTS).

b. UE reports CGI along with PCI/PSC eliminating any PCI/PSC confusion problem.

c. Preliminary Access checking is performed (at UE) by checking allowed CSG list (for CSG cells) for CSG ID. 
The problem with solution A-1 is that the network needs to assign a large measurement gap (of the order of 160 ms in the worst case ) to acquire MIB and SIB1 for the LTE case which might lead to unacceptable service interruption time, especially for Real Time services like voice. The same issue exists for the UMTS case.
In this contribution, we indicate how A-1 could work with minimum service interruption for the LTE case.
2 System Information Acquisition 

2.1 Intra-Frequency LTE case
According to [2] the MIB and SIB1 are scheduled according to the following description:

 The MIB uses a fixed schedule with a periodicity of 40 ms and repetitions made within 40 ms. The first transmission of the MIB is scheduled in subframe #0 of radio frames for which the SFN mod 4 = 0, and repetitions are scheduled in subframe #0 of all other radio frames.

The SystemInformationBlockType1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SystemInformationBlockType1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0, and repetitions are scheduled in subframe #5 of all other radio frames for which SFN mod 2 = 0.
Since the scheduling of SIB1 is fixed, it implies that once UE has acquired the MIB which includes the SFN of the target cell (SFNtarget), it knows exactly the radio frame when the next SIB1 would be broadcast i.e. (SFNtarget +x) mod 8 =0 and SIB 1 would be in subframe#5 and in subsequent even Radio Frames from then on.
Currently, the assumption is that the source eNB allocates one measurement gap for UE to acquire the MIB and SIB1. This means that once UE has acquired the MIB it has to wait for the occurrence of the SIB1 and also its repetitions until it has correctly decoded the SIB1. During this time no data transfer can occur which may result in significant service interruption.
Another approach is for the source eNB to provide a measurement gap only to acquire the MIB. This can take up to 80 ms (assuming that UE has just missed the first transmission of P-BCH and has to wait for the next first transmission after 40 ms and in addition UE needs to acquire all P-BCH repetitions to decode the P-BCH). However, this is only an extreme case and on average, the UE should be able to acquire the MIB within 40 ms. Instead of waiting for the SIB1, UE can evaluate the exact timing for the SIB 1 and signal this back to the source eNB.  With this knowledge, source eNB can set up small gaps at the time instants at which SIB1 and its repetitions are transmitted. Moreover, source eNB can at the same time deactivate the measurement gap for MIB. This means that data transfer can take place up to the point where SIB1 is transmitted and in between the SIB1 repetitions.
Figure 1 illustrates the interruption time periods for UE to acquire MIB and SIB 1 when done separately.
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Figure 1: UE Measurement Gaps required to Acquire MIB and SIB1
Proposal 1: Source eNB should configure separate measurement gaps to acquire MIB and SIB1. A measurement gap of at most 80 ms is required to acquire the MIB. 

In order for the source eNB to configure the necessary gaps to read SIB1, it needs to know exactly when these are transmitted from the target cell. 

When UE acquires the MIB, it also receives the current target cell SFN at the same time. Hence, UE can work out the time at which SIB1 would be broadcast from the target cell based on the formula

(SFNtarget+x) mod 8 = 0, 
where x is the number of radio frames after start of SFNtarget at which SIB1 is broadcast and SFNtarget is the radio frame in which the MIB is correctly decoded. The SIB1 would occur in subframe#5 of this radio frame.
Hence the absolute time from the start of the radio frame ‘SFNtarget' to acquire first transmission of SIB 1 is x*10 ms + 5 ms.
The value of x is between 0 and 7 radio frames (inclusive).
The UE would also have knowledge of the source SFN at the point when the target SFN is received in P-BCH (SFNsourceBCH). However, the source and target cell radio frames might not be time aligned as illustrated in Figure 2:
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Based on Figure 2, UE can report to the source eNB that first transmission of SIB 1 would occur at the following time after start of ‘SFNsourceBCH’:
Time offset of next SIB1 of target cell from RF boundary of source cell with SFN value ‘SFNsourceBCH’ (ToffsourceSFN) = y +  x*10+5 ms. 
UE has to report the source cell SFN at the point where the P-BCH is acquired and also the ToffsourceSFN value.

With this information, source eNB can configure the exact measurement gaps required for the UE to acquire SIB1. 

 When source eNB receives  the measurement report, it can happen that, due to transmission and processing delay, the time indicated by the UE occurs in the past i.e. current SFN of source cell >SFN of Radio Frame in which next SIB1 is expected to occur. In this case, eNB would need to increment the time indicated  by 8 Radio Frames since the SIB1 periodicity is fixed at 80 ms. 
Since SIB1 is sent every even radio frame, UE can determine the exact timing of the SIB 1 repetitions also and hence can configure the appropriate gaps ( 4 gaps of 1ms)  in case the UE cannot acquire the SIB1 in first transmission. 

In this way interruption of real time traffic packets (such as voice packet transmission) for acquiring SIB1 is virtually  eliminated (unless SIB1 transmissions coincide with the voice  packet transmissions) . Moreover, even though UE would configure a gap of 80 ms for acquiring P-BCH (to cater for worst case scenario) the delay in acquiring P-BCH would only be on average 40 ms as noted above. This means that in most cases, when eNB sends measurement gap configuration for reading SIB1 it can deactivate the measurement gap configuration for reading MIB and hence this further reduces the interruption time. 
Figure 3 illustrates the procedure
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Proposal 2:  UE has the ability to determine the exact time at which the SIB1 of the target cell is broadcast based on the timing of P-BCH and can indicate this to the source eNB as a function of the source cell SFN.
Proposal 3: UE can signal the exact timing for the occurrence of SIB1 in the target cell to source eNB so that source eNB can schedule the appropriate gap patterns for the UE to acquire SIB1. SIB 1 can be acquired using only 4x1ms gaps. 
3. Summary
In this contribution, the issue of service interruption time to acquire the SIB1 in LTE in order to resolve PCI confusion is investigated. The following proposals are made: 
Proposal 1: Source eNB should configure separate measurement gaps to acquire MIB and SIB1. A measurement gap of at most 80 ms is required to acquire the MIB. 

Proposal 2:  UE has the ability to determine the exact time at which the SIB1 of the target cell is broadcast based on the timing of P-BCH and can indicate this to the source eNB as a function of the source cell SFN.
Proposal 3: UE can signal the exact timing for the occurrence of SIB1 in the target cell to source eNB so that source eNB can schedule the appropriate gap patterns for the UE to acquire SIB1. SIB 1 can be acquired using only 4x1ms gaps. 

With this scheme, we believe that the maximum interruption time would be 80ms for voice in the LTE case. Even though loss of voice packets is still possible, the maximum service interruption is halved compared to the case where a single gap is used to acquire MIB and SIB1.

In Vodafone’s view, this approach can also be used to minimise the service interruption for the inter-frequency case in UMTS since the MIB contains the scheduling information for the Scheduling Blocks (SBs) which in turn contain the scheduling information for the SIBs, Hence, source eNB can set up successive gaps to acquire the MIB, SBs and subsequently the required SIBs without the need for a single large measurement gap. 
RAN2 is kindly requested to study the proposals made in this contribution to reduce the service interruption time when acquiring SIB1 (LTE) for inbound handover to CSG cells according to solution A-1 in [1].
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Figure 2: Calculation of offset time from RF boundary of RF in which target cell P-BCH is received





Figure 3: Configuration of measurement gaps according to fixed timing of SIB 1 in target cell





Source eNB





UE





Target HeNB





1. RRC Measurement Report with PCI





2.  RRC Measurement configuration with 80 ms gap to read MIB





3. UE acquires MIB at SFNtarget and determines x such that (SFNtarget+x)mod8 = 0.  UE can signal ToffsourceSFN and the source SFN value at which P-BCH of the target was received to the source eNB.








4. RRC measurement Report with time of next SIB1 occurrence based on SFN source








5. RRC measurement configuration to set up measurement gaps to read SIB 1. UE may also deactivate measurement gap for MIB if UE was able to acquire and report MIB quickly. 


 








6. UE acquires SIB 1 based on measurement gap pattern indicated by source eNB + Verify access to CSG cell





7.  RRC Measurement report of CGI and CSG id





8. eNB initiates the handover after preparing target





Start of SIB1 after x*10 +5 ms from RF boundary of RF ‘SFNtarget’





Target cell RF is y ms after frame boundary of source cell SFN
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