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2. Introduction
At the February St. Louis Joint RAN WG1-WG2 meeting, we presented a contribution [1] proposing to reduce some of the bits currently allocated to the BCH channel, by using an improved way to create and maintain synchronization at the System Frame Number (SFN) level, and thus eliminate the need to continuously transmit SFN counter values in BCH bits over the Radio Interface. 
RAN WG1 was actioned to consider [1] and determine its feasibility. 
This contribution is an updated version of [1], submitted to allow RAN WG1 to fulfill the above Action Item. Performance simulation results of the SFN synch scheme have been added, and the section on quick sync-up procedures has been updated.
This contribution is described in terms of LTE FDD parameters. 

Section 2 describes the SFN Synch scheme

Sections 2.2 and 2.3 describe the SFN proposed synchronization mechanism. 

Section 2.4 describes sub-SFN synchronization

Section 2.5 describes re-calibration of SFN synchronization 

Section 3 describes Performance results of the SFN Synchronization scheme.
Section 4 describes quick sync-up procedures to reduce latency during some initial events such as handover.

2.1. Proposed Scheme for SFN synchronization between the NodeB and the UEs
2.2. Current situation
Currently, the Cell SFN counter which is maintained in the NodeB is sent on BCH [2], which is mapped to the P-CCPCH. The SFN counter maintained by the Node B (BFN) has a range 0 …. 4095 frames. Offsets modulo 256 are also used.
A Brief Review of Current Status of the RAN WG1 Sync Channel SCH discussions follows, and then the proposed SFN Sync process is described.

Figure 1 shows the current working assumption for the LTE frame and SCH structure. 

Currently the LTE frame length is 10 milliseconds, and consists of 10 subframes – each subframe is 1 millisecond and consists of 2 slots of 0.5 msecs each.  Each Frame carries two Synchronization Channel SCH’s, each of which consists of 2 Synch symbols Primary-SCH (P-SCH) and Secondary-SCH (S-SCH). Nominally this SCH symbol-pair consisting of 1 P-SCH symbol and 1 S-SCH symbol repeats twice every frame of 10msecs, i.e. it repeats every 5msecs exactly.


[image: image1]
2.3. Figure 1 : Current LTE Frame and SCH structure working assumption

2.4. Proposed SFN Synchronization
It is not essential that the Cell SFN counter be sent continuously over the BCH. This would eliminate the bits sent over the Radio Interface and contribute to a reduction in the total BCH transmission load.
2.5. The NodeB and the UE’s in a cell should maintain their own SFN counters. These separate counters are synchronized, and then these counters stay in sync, and can be utilized for event scheduling at the SFN or sub-SFN or super-SFN level, exactly as is done currently. The SFN sync is re-calibrated periodically.

2.6. SFN Synchronization Process between the NodeB and the UEs
It is necessary to identify an SFN frame boundary, i.e. a transition in the counter value from 4095 to 0, for sync-up purposes. The Proposed process to do this follows.
In its simplest form, as shown in Figure 2, to identify an SFN frame boundary, the position of the two SCH symbol-pairs in the last frame in the SFN is position-shifted between consecutive occurrences, e.g. in the 2 half-frames in the last frame (which is to be used to define the superframe boundary), the position of the SCH symbol-pair in the second half-frame is constructed in a different symbol-pair position than in the first half-frame. The position of the first SCH symbol-pair in the last frame is not changed while the position of the second SCH symbol-pair is shifted forward – this creates a smaller difference X followed by a larger difference Y between 3 consecutive SCH symbol-pairs. The NodeB transmits this sequence, and the UE then syncs up its SFN counter to 0 at the end of the last frame. The SFN frame boundary occurs a defined number of slots after the start of the detected X-Y sequence, defined by the SFN sequence’s first SCH symbol-pair whose position is not changed.
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Figure 2 : SCH symbol-pair position shifts for SFN boundary detection

To reduce the false detection probabilities to the required level, as shown in Figure 3, SCH symbol-pair position-shifts can be arranged (to even include the second to the last frame of the SFN) to create 2 or more X differences followed by the larger Y difference between SCH positions. This situation is shown in Figure 3, with 2 X differences followed by an Y difference. In this situation of multiple X separations, the SFN frame boundary occurs a defined number of slots after the start of the detected SFN sequence, defined by the SFN sequence’s first SCH symbol-pair whose position is not changed.
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Figure 3 : SCH position shifts to reduce false detection probabilities of SFN boundary detection
2.7. Sub-SFN Synchronization between the NodeB and the UEs

Sub SFN Synchronization can also be implemented as below.

Tick-marks should be inserted within an SFN, for timing at the sub-SFN level. This sub-SFN sync timing mark can be implemented as another pair of distinct/different SCH separation values than the X, Y used for SFN-level synchronization and SFN boundary detection. Let’s label them A, B differences between SCH symbol-pair positions. 
2.8. Sub-SFN synchronization tick-marks could be inserted every 256 frames as an example, thus 16 of these tick-marks per SFN period.
2.9. Re-calibration of SFN Synchronization between the NodeB and the UEs

Re-calibration of the SFN sync, to ensure and validate that the UEs and NodeB continue to be in SFN sync, occurs at each SFN boundary for the UEs in a cell. In addition, the Sub-SFN tick-marks can be used in transitional situations to re-calibrate the position at the e.g. 256th frame. Such transitional situations may occur immediately upon SFN sync-up or after a handover, to validate sync-up, or in situations where a UE has lost SFN sync. 
3. It is not necessary for a UE to monitor the sub-SFN ticks normally during sleep mode, but only at the transitional situations, since the current performance of UEs timing maintenance during sleep mode is already defined to allow wake-up at the anticipated event after a specified sleep duration.
4. Simulation Results -SFN Sync Performance 

We have conducted system-level simulations of the proposed SFN synch scheme to characterize its performance from two aspects – 
1. SFN Boundary Detection probability
2. Effect of the SFN detection scheme SCH position shift on the SCH Cell search performance and Cell ID hypotheses resolution.
Simulation conditions and detailed results are in Annex A.
4.1. SFN Detection Probability
The detection probability that the SFN-boundary, i.e. X-X-….-X-Y structure,  can be detected within one System Frame, i.e. that we can detect the “correct SFN Boundary”
	
	N=4, X-X-X-X-Y
	N=5, X-X-X-X-X-Y
	N=6, X-X-X-X-X-X-Y

	Correct Detection Probability of SFN-boundary (within 4096 radio frames)
	0.816
	0.947
	0.979


Where N shows how many X separations are used in an X-Y sequence. 
The results show that an SFN boundary detection is quite good with four X’s followed by one Y, and very high using six X’s followed by one Y sequence.
(These results should be viewed as very conservative, the receiver structure used in the underlying simulations was not optimized in any way for X-Y SFN boundary detection). 

We should also remember that there is a re-calibration which takes place periodically, and there is a mechanism for immediate sync-up if required by a terminal.

4.2. Effect on Cell Search

Probability of Performance Degradation of Timing detection  for Cell search and Cell-ID detection, caused by SFN Boundary X-Y structure insertion

	
	X-X-X-X-Y
	X-X-X-X-X-Y
	X-X-X-X-X-X-Y

	Effect of SFN scheme insertion on Cell Search - 
Correct Detection Probability of P-SCH Timing detection (ratio – with SFN detection/ w/o SFN detection)
	0.999
	0.999
	0.999


Note Performance Degradation is one minus these values
This result shows that insertion of the SFN X-Y detection scheme has virtually no effect on cell-search and Cell-ID detection.
5. Reduction of latency of SFN Sync-up for handover 

Examples of events where a reduction in the SFN sync-up latency may be desirable is when the SFN’s counters may be asynchronous between adjacent cells, after handover, tracking area updates, cell-reselection, and when the UE determines loss of SFN sync. The latency to acquire SFN sync in these situations without taking some action may be acceptable or not acceptable, depending on the event.

5.1. The following methods can be utilized to achieve quick sync of the SFN counter on one side (e.g. UE) by using a counter value on the other side (e.g. NodeB). 
5.2. Options

The following methods can be considered –

1. A message is sent by the side determined to be the “master sync” side (e.g. NodeB) to the unsync'ed side (e.g. Terminal) to transfer its current SFN counter value, or the SFN counter value of the adjacent cell. 
This message can be sent in response to a request from the UE for the current counter value. Recent discussions in RAN2 have considered a UE RACH request and a Dynamic BCH response, but this is only one of the possible mechanisms.
2. NodeBs of different cells communicate with each other – to inform each other of the SFN-SFN differences, or alternatively  to get all cells NodeBs into SFN sync [1].

3. The Terminal monitors adjacent cells and determines adjacent cell SFN counter values, which it uses to either set its own SFN counter to the cell’s value or informs the NodeB of the adjacent cell SFN counter value.
All of these options are very infrequent and none needs an over the Radio Interface NodeB SFN Counter value continuous transmission, but occasional as-needed messaging. The lack of exact resolution to the frame and slot level created by some of these methods can be resolved at the next sub-SFN tick-mark.

5.3. On-Demand System Information Broadcast
RAN WG2 has recently considered schemes for On-Demand System Information Broadcast (OD-SIB). The results of the email discussion were presented in RAN2 St. Louis in [3]. Other documents describe the OD-SIB in detail [4], [5], [6]. 
6. RAN WG2 has currently suspended consideration of OD-SIB, however it should be mentioned that OD-SIB or a similar scheme may propose a range of flexible options which can be effectively selected from and utilized for the UE to request an eNodeB SFN counter value and synchronizes its SFN value.
7. Conclusion &  Recommendation

There is a clear need to reduce the number of bits being considered to be carried in the BCH. 
It is recommended that RAN WG1 send an LS to RAN WG2 responding to the St. Louis Action item of the Joint RAN1-RAN2 meetings, as follows - 
RAN1 has determined that the continuous transport of SFN counter bits in the BCH over the Radio Interface, as in UMTS, is not necessary, and it is recommended that RAN2 consider the elimination of these bits by use of the method described in this contribution.
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A. Annex A – Probability Calculations and Simulation Results
Summary of Results - Probability Calculation Results are based on raw probabilities obtained from System-level Simulation
	
	N=4, 
X-X-X-X-Y
	N=5, 
X-X-X-X-X-Y
	N=6,
 X-X-X-X-X-X-Y

	Correct Detection Probability of SFN-boundary (within 4096 radio frames)
	0.816
	0.947
	0.979

	Correct Detection Probability of P-SCH Timing detection (ratio – with SFN detection/ w/o SFN detection)
	0.999
	0.999
	0.999


# If we apply soft combining or advanced detecting method, we can get better performance.

# N shows “SFN-boundary structure’s length”, i.e. It means how many X’s there are.

Assumptions

The following timings shown below are assumed as known at the UE because of prior timing synchronization with SCH.

· 10msec radio frame

· 1msec subframe

· 0.5msec slot

Simulation Results – Raw Probabilities from system-level simulation
· Probabilities obtained by Simulation 
 1-a) S-SCH missed detection probability for any one S-SCH when it was actually present (Pb)


- Assumption - Timing detection, Sector Detection, Freq. offset estimation => perfect


- detect S-SCH from one TTI length wave ( 1 S-SCH )

 2-a) False Timing detection error rate (Pt) – P-SCH detected falsely at a symbol when the SFN boundary detection structure not actually used (not actually present at all)

- use one TTI (1 P-SCH) to get Pt

· Simulation results - system level results from 7 cell simulation 
1-a)
Pb
= 0.1652
2-a)
Pt
= 0.131
Definitions - SFN-boundary detection probability terms
Pfalse-SFN-N    :The probability that we falsely detect an SFN Boundary structure in a normal SCH structure, when the SFN X-Y boundary structure is not present at all, over any N slots. 

Pfalse-SFN-4096: The sum of Pfalse-SFN-N  over a Superframe – the probability that we falsely detect an SFN-boundary structure during all the normal SCH structures over the Superframe of 4096 minus the SFN boundary length (e.g. 4093) when there isn’t an SFN structure present.
Pcorrect-SFN: Correct detection probability, that SFN-boundary structure, i.e. X-X-….-X-Y structure,  can be correctly detected when it is actually present. 
Pfinal: SFN-boundary structure correct detection probability - that we correctly detect the SFN boundary structure when it is present, within one Superframe
Note – For the above probabilities, correct SFN Boundary detection is defined as, when the X SCH symbol-pair is correctly detected M or more out of N, (i.e. when we observe potential S-SCH positions N times and detect M out of them correctly).

Calculation of “SFN-boundary detection probability”
N=4 (M=3)case
In the equation below, we consider the probability Pfalse-SFN-N, based on the missing S-SCH due the SFN Boundary structure insertion causing a random cell-ID generation, thus one random cell-ID being detected out of 170 possible cell-IDs. 
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Probability of detection of “correct S-SCH” over one SFN superframe in spite of lack of S-SCH, caused by the SFN structure insertion, is as below
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Then, Final detection probability that SFN-boundary, i.e. X-X-….-X-Y structure,  can be correctly detected by using the SFN structure in one Superframe is below
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Figure 4  X-X-X-X-Y sequence(N=4) SFN Boundary structure
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Figure 5 Explanation of Pcorrect-SFN (when the SFN-boundary structure is present, SFN-boundary detected case, N=4, M=3)
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Figure 6 Explanation of Pcorrect-SFN ( when the SFN-boundary structure is present, SFN-boundary not detected case, N=4, M=3)
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Figure 7 Explanation of Pfalse-SFN-N (when the SFN-boundary structure is not present, SFN-boundary detected case N=4, M=3)
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Figure 8 Explanation of Pfalse-SFN-N (when the SFN-boundary structure is not present, SFN-boundary not detected case N=4, M=3)

N=5 case
Same calculation as for N=4 but with N=5.
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Then,
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N=6 case
Same calculation as for N=4 but with N=6.
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Then,
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Definition of “Performance Degradation of Timing detection Probability” for Cell search and Cell-ID detection, caused by SFN Boundary structure insertion
Probabilities based on Simulation results for System-level simulation 7 cell simulation 
Timing detection error Probability of 5ms original structure when SFN Boundary structure is not present:  Pt
Probability of Timing detection error during reception of the actual radio frame with the SFN Boundary  structure :  Pe=1(worst case, in other words, we assume 100% error in the radio frame with the X-X  Y)

Final Timing detection error probability by including proposed SFN Boundary structure, i.e. X-X-…-X-Y structure: Pp
Under these assumption, we can calculate “Timing detection Probability of including proposed structure” as below.
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Thus the “Performance Degradation of Timing detection Probability” for Cell search and Cell-ID detection, caused by the SFN Boundary structure insertion” is:
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Simulation Assumptions
B. Structure of SCH
B.1. 3xP-SCH Structure

The P-SCH is mapped onto every other sub-carrier except the DC sub-carrier for Hybrid Detection. 

[image: image21]
Figure 9 Sector Allocated P-SCH structure in frequency domain

The ZC sequence (N=32) is employed as the P-SCH sequence of the time domain. The repeated ZC sequence is transformed into the frequency domain signal and mapped onto centre 64 sub-carriers with DC puncturing.

B.2. S-SCH Structure

The S-SCH consists of two interleaved Walsh sequences. Each Walsh sequence has 32 code length, so total sequence number is 1024.(Fig.10)


[image: image22]
Figure 10 Two-layered S-SCH structure

Table 1 shows the P-SCH and S-SCH structure characteristics.
Table 1  SCH structure characteristics
	Parameter
	

	Number of P-SCH sub-carriers
	64(with 33 null sc.)
+9 null sub-carriers

	Timing detection method
	hybrid

	Number of P-SCH sequences
	3 (sector allocated)

	P-SCH sequence
(Time domain)
	ZC sequence (N=32)

(M: #1,#5,#31)

	Cross-correlation observation window
	7 samples

	S-SCH sequence
	2 Walsh sequences

	Sector identification
	ideal


C. Simulation Conditions

Table 1 shows the common simulation parameters for each simulation case. The P-SCH bandwidth is assumed as 1.08MHz (i.e. 73 sub-carriers) and the carrier frequency is assumed to be 2GHz.
Table 1 Common simulation parameters

	Parameter
	Assumption

	Multi-cell model
	7 cell sites, 3 cells per site

	Inter-site distance
	1732 m

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	15 kHz

	CP
	10 samples

	Channel models
	Typical Urban 6 rays (3km/h)

	Node-B transmission power
	43 dBm

	Node-B antenna pattern and gain
	70-degree sectored beam, 14 dBi

	Distance dependent path loss
	128.1 + 37.6 log10(r)

	Shadowing correlation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Penetration loss
	20 dB

	Number of Tx / Rx antennas
	1 / 2

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Frequency offset
	±5 ppm : modeled as uniform random variable

	Timing offset
	±7 samples : uniformly distributes in one frame

	Averaging period for coarse timing detection (HD)
	1 subframe (2P-SCH) / 1 TTI (1P-SCH)

	Averaging period for fine timing detection and S-SCH detection (HD)
	1 TTI (1S-SCH)

	Network synchronization
	synchronous


31





30





29





28





27





26





25





24





23





22





21





20





19





18





17





16





15





14





13





12





11





10





9





8





7





64 sub-carriers





6





5





4





3





2





Frequency





32=1024 sequences)





(32x
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