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1. Introduction

In release 5, work item "Node B Synchronization" has been defined for 1.28Mcps TDD at RAN#11. At RAN WG1#20, Siemens AG proposed three methods over the air for Node B Synchronization [1]. After comparing the advantages and disadvantages of these methods, Siemens AG suggested the Node B synchronization method based on DwPCH over the air. 

This document proposes an improved method for Node B sync via the air. We assume that the scheduling of the transmissions and processing of the measurements in proposed method is similar to the method based on DwPCH. The proposed scheme extends the length of code for Node B sync, In order to get the larger processing gain. The extended code is based on the existing SYNC-DL sequence to provide the backward compatibility of current structure.

In this document, the frame structure of 1.28Mcps TDD is described firstly, then, the proposed method is introduced. Furthermore, some analyses about this method are given. 

2. Frame structure of 1.28Mcps TDD

The frame structure for 1.28Mcps TDD is different from that of 3.84Mcps TDD. Its radio frame has duration of 10ms and is divided into 2 sub-frames. Two sub-frames have the same frame structure. In each sub-frame, there are two switching points. The first one is fixed between DwPTS and UpPTS, and the second one is variable according to the required asymmetry between UL and DL.
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Figure 1 Sub-frame structure of 1.28Mcps TDD

The DwPTS (Downlink Pilot Timeslot) is used to establish downlink synchronization in UE side and is therefore similar to the SCH of 3.84Mcps TDD. The UpPTS (Uplink Pilot Timeslot) is used by the first stage of the Random Access, which is competition based.

In [1], it has been discussed that it is not recommended to use "traffic timeslots" for Node B Synchronization. So, only non-traffic timeslots can be used. That means we can use either DwPTS or UpPTS or combinations of DwPTS and UpPTS and extra-long Guard Period (between DwPTS and UpPTS).

3. Proposed Method for Node B Synchronization

3.1. Description of proposed method

In conventional schemes, Node B maintains normal frame structure, cf. Figure 2. One Node B transmits SYNC_DL sequence in DwPTS at the time for Node B synchronization, and neighboring Node Bs detect this message at the same time. Then these Node Bs report to RNC when they detect the special sequence, RNC can compute the time difference between these Node Bs and transmitting Node B. However, the length of SYNC_DL sequence (64 chips) is short, and processing gain obtained by receiving Node B is limited. As a result of this small processing gain, the accuracy and time of Node B Synchronization need to be considered, especially in a lower SIR case. It will also have some impact on initial cell search procedure.

In this document, we propose one improved method for Node B synchronization. The method can provide a larger processing gain by extending the SYNC_DL sequence when Node B synchronization procedure is requested. And the larger processing gain can mitigate the accuracy problems mentioned above.

Referring to Figure 2, SYNC_DL sequence is extended from 64 chips to 128 chips in proposed structure for Node B synchronization, and the extended SYNC_DL sequence is transmitted at DwPTS and some part of the GP after DwPTS.

The original function of SYNC_DL sequence is used for UE’s downlink synchronization. To reduce the impact on downlink synchronization of UE, the first 64 chips of extended SYNC_DL sequence use the same sequence as normal SYNC_DL sequence. 
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Figure 2 Structures of DwPTS and GP and UpPTS
3.2.  Generation of extended SYNC_DL sequences

In proposed method for Node B synchronization, a set of long sequence with length 128 chips is required for cell synchronization sequence. According to the method, the first 64 chips of the sequence is used for downlink synchronization of UEs. So there is a restriction for generation of these sequences, which is that these sequences should be constituted through extending SYNC_DL sequence.

Here we propose one method to extend SYNC_DL codes. Long sequences are generated by concatenating SYNC_DL codes with Gold codes. In other words, the first 64 chips in the extended SYNC_DL sequences is the same as normal SYNC_DL code. Considering the complexity of implementation, the last 64 chips in the sequence are Gold codes. Gold codes can be generated easily by a LFSRSG (Linear Feedback Shift Register Sequence Generator).

The Gold codes are constructed by two binary m-sequences of length 64, x, and y, respectively. The generation polynomial of this two binary m-sequences are 1 + x + x6, 1+x+ x3 + x4 + x6.

The set of orthogonal Gold Codes are defined as following:

Let n5 … n0 be the binary representation of code number n (decimal) with n0 being the least significant bit. The x sequence depends on the chosen code number n and is denoted xn in the sequel. Furthermore, let xn(i) and y(i) denote the ith symbol of the sequence xn and y, respectively.

The m-sequences xn and y are constructed as: 

Initial conditions: 

xn(0)=n0 , xn(1)= n1 ,xn(2)= n2 , ……  xn(5)= n5

y(0)=y(1)= y(2)= ……=y(5)=1 
Recursive definition of subsequent symbols:

xn(i+6) =xn(i+1) +xn(i)    modulo 2, i=0,…, 56 

y(i+6) = y(i+4)+ y(i+3)+ y(i+1)+y(i)  modulo 2, i=0,…, 56.

Definition of the n:th cell identification code word follows: 

C,cell,n = < 0, xn(0)+y(0), xn(1)+y(1), …,xn(62)+y(62) >,

All sums of symbols are taken modulo 2 operations.
There are 32 different SYNC_DL codes for the 1.28Mcps TDD system, however, the number of this group Gold codes is 65, and we need to select 32 codes from this group Gold codes. Meanwhile, the length of this set of Gold code is 63. The selected codes have one more value of number of “1” value than the number of 0. Then, one ‘0’ is inserted between SYNC_DL codes and selected Gold Codes to balance the number of “0” and “1”.
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Figure 3 Structures of the sequence in proposed method

The sequences for proposed method are given in the table in Annex A.
3.3.  Correlation Properties of the sequences

Since these sequences are used for cell synchronization, they should have good correlation property. Some property figures of these extended SYNC_DL sequences and SYNC_DL codes are shown in this section. The aperiodical correlation property should be investigated.
Figure 4 illustrates the aperiodical Auto Correlation of long sequence and SYNC_DL codes.
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Figure 4 Auto-correlation properties

Figure 5 illustrates the aperiodical Cross Correlation of long sequence and SYNC_DL codes.
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Figure 5 cross-correlation properties
Referring to Figure 4 and Figure 5, it is shown that the auto-correlation property of long sequences is similar as SYNC_DL sequences. However, since the extended sequences are longer than SYNC_DL sequences, a higher processing gain can be obtained.

3.4. Analysis of the proposed method
3.4.1.  Interference analysis of the proposed frame structure
The purpose of the Guard period between DwPTS and UpPTS is to avoid the overlapping of DwPCH and UpPCH in UE side. The overlapping will result in interference. According to [3], the operator can vary the maximum cell radius in a trade-off with UL - DL interference with the limitations (cf. table 1) depending on the kind of interference accepted by the operator. 

Since the Guard period between DwPTS and UpPTS in proposed method is changed from 96 chips to 32 chips, it will result in some interference. In practice, the interference between DwPCH and UpPCH are allowed for some scenarios. The max cell radius in all cases of both the conventional method and proposed method is given in table 1.

	Case
	Max cell radius in conventional scheme
	Max cell radius in proposed scheme

	1    no UpPTS – DwPTS interference allowed
	11.25 km
	3.75km

	2    UpPTS – DwPTS interference allowed, but no interference to TS0 allowed
	22.5 km
	22.5km

	3    no TS1 – DwPTS interference allowed, other interference allowed
	30 km
	22.5km

	4    TS1 – DwPTS interference allowed, but no interference to TS0 allowed
	41.25 km
	41.25km


Table 1 Interference scenarios and the corresponding max cell radius
In case 2 and case 4, the proposed method will have no degradation on maximum cell radius. The detailed analysis for case 1 is given in Annex B.

3.4.2. Comparison with method based on DwPTS

Because an extended SYNC_DL sequence is transmitted, processing gain in proposed method will be 3dB higher than conventional method. The higher processing gain will improve the accuracy of Node B synchronization, hence the Node B synchronization procedure can be finished within the shorter time than conventional scheme, and the period of Node B synchronization will become longer. As a consequence, the number of blanked sub-frames will be reduced; the negative impact on initial cell searching procedure induced by blanked sub-frames becomes smaller. Higher processing gain is useful especially in low SIR scenarios.

During Node B synchronization procedure based on DwPTS, the transmission power of SYNC_DL sequence needs to be higher, because the SYNC_DL sequence for Node B synchronization should be detected by neighboring Node B in addition to UEs in the cell. The proposed method can attain a higher processing gain, so the transmission power of SYNC_DL is smaller than the conventional method based on DwPTS. Lower transmission power of SYNC_DL sequence will reduce the interference to UEs in other cells.

Compared with the conventional method based on DwPTS, no more signaling is required for the proposed method. 

The proposed method also provides the same advantages as the method based on DwPTS (discussed in [1]), such as: 

1. There is no Tx-Power limitation, since the DwPCH is the only channel in the DwPTS (only limited by the Maximum output Power defined in WG4).
2. The blanking of resources would only affect the DwPCH.
3. The random access procedure is undisturbed, especially in rural area.
4. No blanking of traffic resources.
There is also a small increase in complexity of Node B, and it can keep backward compatibility for UE. 
4. Conclusion

In this document, we propose a method for Node B synchronization over the air for 1.28Mcps TDD Option. The SYNC_DL sequence is extended from 64 chips to 128 chips during Node B synchronization procedure, a higher processing gain can be obtained in proposed method than conventional method. Therefore, the required transmission power of SYNC_DL sequence for Node B synchronization can be decreased, the number of the blanked sub-frames due to Node B Synchronization can be reduced, and the accuracy of Node B synchronization can be improved. In addition, no more signaling change is needed compared with the conventional method.
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Annex A:

Extended SYNC_DL Sequences 

	Code ID
	Sequence of length 128 For Node B sync

	0
	B3A7CC05A98688E43F58346B1A0C8EDD

	1
	9D559BD2906067911ED24E5237D5252D

	2
	2CE7BA12A017C3A26E915AA6458E967A

	3
	34511D20672F47122F9D09778CE05B25

	4
	9A772841474603F24F1B209F68573D8A

	5
	9109B1A5CE01F2280E17734EA139F0D5

	6
	8FD429B3594501C07636F9349814297E

	7
	25251354AA3F8C19373AAAE5517AE421

	8
	C9A3B8E0C043EA5657BC830DB5CD828E

	9
	BA04B888E5BC180216B0D0DC7CA34FD1

	10
	A73535429937020766F3C4280EF8FC86

	11
	74C3C8DA4415AE514779BE1123215776

	12
	F4FD0458A01246630675EDC0EA4F9A29

	13
	A011D4E16C3D60645BEF52C4DB00DD0C

	14
	BDA0661B0CAA8C682BAC4630A95B6E5B

	15
	8E31123F289286984B2A6FD84DEC08F4

	16
	F095C1632E2906AB7207B673BDAF1C00

	17
	B60B4A8A664071CF330BE5A274C1D15F

	18
	AA094DCCE91E041A538DCC4A9076B7F0

	19
	C0C31CDA8A25680712819F9B59187AAF

	20
	D516964FB18C189062C28B6F2B43C9F8

	21
	30DE01834F4AACCE23CED8BEE22D04A7

	22
	8F700323BA5CAD340244A287CFF4AF57

	23
	1B50F4DEE0C1380C7C4CC01941BFD93D

	24
	443382164F56F2D15DC6BA206C6672CD

	25
	E1E4005D49B846B41CCAE9F1A508BF92

	26
	040A97165330BFAA6C89FD05D7530CC5

	27
	C48E26881693AD782D85AED41E3DC19A

	28
	D4354B2FE02361CC4D03873CFA8AA735

	29
	5383AB6C8A10CE840C0FD4ED33E46A6A

	30
	D417A730F2F12244742E5E970AC9B3C1

	31
	ABF0A0D905A939C435220D46C3A77E9E


Table 2 sequences used in proposed method

Annex B: Interference analysis in case 1

Because of the transmission delay, UE receives a delayed signal from Node B. And in order to align the timing at the starting point of UpPTS in Node B side, UE should transmit signal some time earlier than the UpPTS at UE’s receiving timing.
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Figure 4 
From figure 6, it can be seen that, in order to avoid the overlapping between the delayed reception of DwPTS and advanced transmission of UpPTS at UE side, there is a maximum distance between Node B and UE. In fact, this distance represents the analytical maximum cell radius of Node B.

Notations used in Figure 6 and analysis are as following:

(D 
the distance between Node B and UE

(T1
the analytical time delay of radio message from Node B to UE.

(T2
the time advance that UE transmit message to Node B.

c  
the velocity of light speed, 3(108m/s.

The mathematical analysis for this threshold distance is described as following. For easy computation, multi-path effect is not considered.

(T1 = (T2 = 48 chips = 37.5(s

(D = (T2 ( c = 11250m

From the result, it is seen that the maximum cell radius is 11.25km. But in city area, cell radius is smaller than this value. So we can use some part of the GP for Node B sync. In the proposed method, 64 chips of GP are used for Node B sync. Only 32chips are left. The result of the maximum cell radius in this case can be calculated as:
(T1 = (T2 = 16 chips = 12.5(s

(D = (T2 ( c = 3750m.
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