3GPP TSG-RAN WG2#57                                    R2-070513
St. Louis, Missouri, USA, 12 – 17 February, 2007
Source: 

Sharp
Title:
SFN Synchronization without BCH bits for LTE
Agenda Item:

11.3
Document for:
Discussion and Decision
1. Introduction
A the January Sorrento RAN WG meetings there was an exchange of LS’s between RAN WG2 and RAN WG1 on the topic of Primary BCH bits required/anticipated for LTE, to be sent over the Radio Interface [1,2]. The RAN WG2 LS [1] stated that RAN2 has made a preliminary estimate on the number of bits to be transmitted on the Primary BCH to be in the range of 200-300 bits. The RAN WG1 response [2] indicated that 45-100 bits can be transmitted without relaxing the BLER/coverage targets, and even this amount of bits will not be possible under some scenarios, and stated the following 
It is RAN1’s view that the P-BCH payload should preferably be limited as much as possible to a maximum of 30-40 bits including CRC. 
We believe that RAN WG2 should initiate an investigation into ways to reduce the overhead in the BCH channels, as much as possible.
In this contribution a method is proposed to reduce some of the bits, by using a different 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 bits over the Radio Interface. We believe this represents one potential way to reducing over-the-air BCH bits. 
This contribution is described in terms of LTE FDD parameters. 
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 quick sync-up procedures to reduce latency during some initial events such as handover.

2. Proposed SFN synchronization between the NodeB and the UEs
2.1. Current situation
Currently, the Cell SFN counter which is maintained in the NodeB is sent on BCH [3], 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.
2.2. Proposed SFN Synchronization
It is not essential that the Cell SFN counter be sent over the BCH. This would eliminate the bits sent over the Radio Interface and contribute to a reduction in the total BCH transmission load.
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.

2.3. SFN Synchronization Process between the NodeB and the UEs
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]
Figure 1 : Current LTE Frame and SCH structure working assumption
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 end of the detected X, defined by the X-terminating SCH symbol-pair.


[image: image2]
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 end of the last detected X, defined by that X’s terminating SCH symbol pair.










Figure 3 : SCH position shifts to reduce false detection probabilities of SFN boundary detection
2.4. Sub-SFN Synchronization between the NodeB and the UEs
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. 
Sub-SFN synchronization tick-marks could be inserted every 256 frames as an example, thus 16 of these tick-marks per SFN period.
2.5. 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. 
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.
3. Reduction of latency of SFN Sync-up for handover 
One example of an event where a reduction in the SFN sync-up latency may be desirable is after handover, when the SFN’s counters may be asynchronous between adjacent cells. The latency to acquire SFN sync may be acceptable or not acceptable, depending on the event.

The following methods are recommended 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). The following methods can be used –

1. NodeBs of different cells communicate with each other – to inform each other of the SFN-SFN differences, or to get all cells NodeBs into SFN sync [3].

2. 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.

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 regular transmission, but occasional as-needed messaging. The lack of exact resolution to the frame and slot level created by some of these methods is resolved at the next sub-SFN tick-mark.
Many of these methods are also implemented in the current WCDMA system.
4. 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 WG2 initiate an investigation into ways to reduce the overhead in the BCH channels as much as possible.
It is recommended that the continuous transport of SFN counter bits in the BCH over the Radio Interface 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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