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1 Introduction

In RAN1 #46bis meeting in Seoul, 2006, working assumption on SCH for the alternative TDD frame structure was given as [1]:

	For the LCR-aligned TDD frame structure the P-SCH is placed in the DwPTS and the S-SCH is placed in the last OFDM symbol of timeslot TS0.

· There is no need to detect the CP-length blindly
· Coherent detection of S-SCH is possible


Based on the working assumption, there is no need to detect the CP-length blindly for alternative TDD frame structure. However, considering current LTE FDD progress and to maximize the commonality between FDD system and TDD system, it may be desirable that CP-length blind detection based on SCH can also be used for the alternative frame structure. The final decision is still pending, so this contribution discusses two improved schemes where one scheme assumes current working assumption kept unchanged while another scheme assumes current working assumption can be changed. Of course, we need be careful to consider later scheme since we already had some discussion when making working assumption at Seoul meeting.
2  Issues in current P-SCH/S-SCH design 
Figure 1 is the alternative TDD frame structure. There exists a small timeslot interval (TI) between DwPTS and subframe #0, and the duration of this TI varies with the short or long CP length. As shown in Figure 1, P-SCH is transmitted in DwPTS which includes an OFDM symbol following a fixed length CP. S-SCH is transmitted in the last OFDM symbol of subframe #0. The TI duration is 288
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Ts ms for short CP and 256
[image: image2.wmf]´

Ts ms for long CP. Hence there is 32
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Ts ms (about 1µs) timing difference for S-SCH in subframe #0 with different CP length. 

The above small timing difference (1µs) is significantly lower than regular long or short CP length, hence it is likely to be erroneous to detection CP length of subframe #0 based on such a little timing difference. On the other hand, if CP length is not detected based on S-SCH [1], the timing difference will degrade S-SCH detection performance. 


[image: image4.emf] 

#0 #1 #2 #3 #4 #5 #6

DwPTS, 2572



T

s

ms

Guard period, 1536



T

s

ms

UpPTS, 4340



T

s

ms

One radio frame, T

f

= 307200



T

s

=10 ms

One half-frame, 153600



T

s

=5 ms

One subframe, 20736



T

s

=0.675 ms

Timeslot interval


Figure 1: Alternative TDD frame structure
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Figure 2: SCH location for Alternative TDD frame structure

3 Align S-SCH timing for subframe #0 (assuming current working assumption unchanged)
Based on agreement in [1], there should be no CP-length blind detection in the reception of S-SCH for LTE alternative TDD, but with current alternative TDD frame structure, the timing of S-SCH varies with the different CP length of subframe #0, which is about 1µs depicted in Figure 2. Though the timing difference is not so much, it can still degrade S-SCH detection performance. For example if UE is configured to detect S-SCH signal in the S-SCH timing as short CP subframe #0, there will be no impact if eNodeB with alternative frame structure is also configured as short CP subframe #0; but if eNodeB with alternative frame structure is configured to use long CP subframe #0, UE will try to detect S-SCH signal in a wrong timing which is about 1µs different from the exact timing, hence the performance is degraded.
To fulfill the working assumption in [1], a solution is discussed here to overcome the issue of timing difference. As shown in Figure 3, the duration of TI for subframe #0 with short CP is reduced by 32
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Ts ms, hence only 256
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Ts ms TI remained which is the same as subframe #0 with long CP. The reduced 32
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Ts ms duration from TI will be used to shift the timing of the last OFDM symbol (S-SCH) in subframe #0, or in other words, CP length for the last OFDM symbol in sub-frame#0 (S-SCH) in subframe#0 is extended by 32
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Ts ms. The slightly extended CP for the last OFDM symbol is beneficial to S-SCH detection since better CP protection is available. On the other hand, the parameters of subframe #0 with long CP are not changed at all. Consequently by such a scheme, S-SCH timing of subframe #0 with different CP length are aligned, UE can know the right/unique timing of S-SCH after its successful detection of P-SCH. 
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Figure 3: Modified timing for S-SCH in short CP subframe #0

4 Blind CP detection using P-SCH/S-SCH (assuming current working assumption needs change)
For the purpose of maximizing the commonality between FDD system and TDD system, it may be desirable that CP-length blind detection based on SCH is also used for the alternative TDD frame structure. But with current parameters for alternative TDD frame structure, timing of P-SCH are aligned, while there is only a very small timing difference (1µs) existed for subframe #0 with different CP length. The timing difference is even lower than either long or short CP length of alternative TDD frame structure, which is 7.29µs for short CP subframe and 16.67µs for long CP subframe. Hence such a little timing difference can’t provide accurate estimation of CP length of subframe #0. 

Figure 4 shows a possible solution to increase S-SCH timing difference in subframe #0 with different CP length. The method depicted in Figure 3 is also included here, though that is an independent issue to the solution discussed in this section. Originally, A long CP with 512
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Ts ms duration is always used for P-SCH, but in Figure 4, P-SCH signal in DwPTS is shifted left for short CP case, only a short CP which is not less than normal short CP length in subframe #0 is used for P-SCH. Such modification should not have much impact on P-SCH detection performance, since a CP comparable to normal short CP should be enough to protect P-SCH when short CP is used for unicast service in subframe #0. It is FFS if a cyclic postfix is needed for P-SCH. On the other hand, the exact timing of P-SCH for long CP case is not changed at all. 

In Figure 4, once the timing of P-SCH is detected, there is 268
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Ts ms timing difference for the possible S-SCH position for subframe #0 with different CP length, which is about 8.72µs. it is obvious blind CP length detection based on the 8.72µs timing difference is significantly reliable than the 1µs timing difference in current alternative TDD frame structure.
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Figure 4: Use short CP for P-SCH in case of short CP subframe #0

5 Conclusion 
In this contribution, for the issues resided in current P-SCH/S-SCH structure, we provide two improved solutions. The final decision is subject to RAN1 decision on whether to perform blind CP length detection using SCH. 

If RAN1 finally agrees on keeping the working assumption in [1], i.e. no CP length blind detection using SCH, we prefer the modified frame structure in Figure 3. Otherwise if RAN1 finally agrees on performing blind CP length detection using SCH to maximize the commonality, we prefer the solution in Figure 4.
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