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1 Introduction

L1/L2 control signaling is essential to channel-dependent scheduling, link adaptation, and hybrid ARQ, etc. UL L1/L2 control signaling includes:

(1) Data-associated signaling, such as transport format of uplink data and HARQ information. It is being discussed whether this signaling is necessary, since UE can simply obey the UL assignment from the Node-B. 

(2) Data-non-associated signaling, which is the DL data transmission associated signaling, such as ACKCH, CQICH and UL Scheduling request (FFS)

If Data-associated signaling exists, this signaling is transmitted with the UL data. But the transmission mode of Data-non-associated signaling is not decided. In this document, the control signaling prefers to Data-non-associated signaling.

In order to achieve a wide coverage area in UL, low PAPR is required. If L1/L2 control signaling is transmitted in FDM, the PAPR is high. We suggest the scheme of L1/L2 data-non-associated control signaling transmitted in TDM, which have the advantages of low-PAPR, small delay, few overhead of pilot signal and good frequency diversity. That is, control signaling and data transmission of a UE are TDM multiplexing in the same sub-frame. In case of no data transmission, control signaling spans the entire sub-frame for users within the same sub-frame.

As we know, the amount of control signaling is very small. If the whole LB is used for control signaling, it will cause the waste of time-frequency resource.

In this document, the new sub-frame structure for EUTRA Uplink is suggested. In this sub-frame structure, TDM is used in L1/L2 data-non-associated control signaling and data transmission, and one long block is separated into 2 short blocks for control signaling.
2 Discuss of UL sub-frame structure
In [1], the scheme of one LB (long block) separated into two SB (short blocks) is suggested in the sub-frame, which is shown in figure 2. Control signaling or data transmission could be in the two short blocks. When control signaling is transmitted, control signaling is in one short block, and associated pilot signal is in the next short block. Compared with TR 25.814, the length of CP is a bit reduced in this scheme, but the influence to the performance of control signaling is slightly [1].

There are many advantages for design of one long block separated into two short blocks:

1) Control signaling transmission is reliable and flexible for a one-to-one correspondence between control data and associated pilot signal

2) Low PAPR for TDM. 

3) The pilot signal is special. The pilot signal of control signaling is only used for control signaling. When control signals are sent, the associated pilot for data channel can still be transmitted in orthogonal FDM in two separate short blocks. 

4) Control signaling is in the front of the sub-frame for the different bandwidth between Control signaling and Data transmission.

But there are many disadvantages in this sub-frame:

1) The special pilot for control signaling is introduced, which occupied certain resource of data transmission.

2) The pilot signal of control signaling is only used for control signaling, which is a waste of pilot resource.

3) When all the 3 SB of pilot signal is in CDM, the pilot signal of control signaling may be used for data channel. But, it is not much helpful to channel estimation since 3 SB is unevenly in the sub-frame. If the 3 SB of pilot signal is in hybrid of CDM and FDM, the complexity will be increased in realization.
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Figure 1 – Sub-frame format with two short blocks/sub-frame in TR25.814
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Figure 2 – Sub-frame format with four short blocks/sub-frame in [1]

For the small amount of control signaling and low PAPR of TDM, we think it is reasonable that one LB is split into 2SB and 1 SB is used for control signaling. But it is unnecessary that the pilot of control signaling is specially used especially when the pilot signal is in CDM. Therefore, we recommend the special pilot of control signaling should not be introduced. Our proposal of sub-frame structure is in section 2.1.
2.1 Outline of the Proposal
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Figure 3 – one proposed sub-frame format with four short blocks/sub-frame
As shown in Figure 3, SB1 is used for control signaling, SB2 and SB3 are used for pilot signal, and other blocks are used for data transmission. It is noted that SB4 might also be used for control signaling. When there is no control signaling, all blocks can be used for data transmission except for SB2 and SB3. There are many advantages in the proposed sub-frame structure:
1) The SB of control signaling is near the SB of the pilot signal, which provides reliable channel estimation and low delay for control signaling. 

2) Control signaling can be transmitted in one or two SB according to its overhead. 

3) Control signaling is in the SB of sub-frame border, which is convenient for the different bandwidth between Control signaling and Data transmission.

4) The special pilot is not introduced for control signaling, which avoids the waste of resource. SB4 can be used for data transmission.
5) When SB4 is used for control signaling, up to of 12 UE can transmit control signaling simultaneously in the case of pilot signal in CDM. Since SB1 is near SB2 and SB4 is near SB3, more numbers of UE in high speed can be supported to transmitted control signaling simultaneously compared with other sub-frame structures.
6) SB4 can be used as TI in TDD system, which occupies less resource than one LB as TI.

7) Since all long blocks are between 2 SB of common pilots, extrapolation of channel information is not needed.
Another proposed sub-frame format is shown in figure 4.
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Figure 4 – another proposed sub-frame format with four short blocks/sub-frame
In this sub-frame, SB1 is used for control signaling, SB2 and SB4 are used for pilot signal, and the other blocks are used for data transmission. It is noted that SB3 might also be used for control signaling. When there is no control signaling, all blocks can be used for data transmission except for SB2 and SB4. 
2.2 Early receive of control signaling in the proposed sub-frame
In TR25.814 UL sub-frame structure, the first LB is used for control and the next SB is used as associated pilot. In our proposed sub-frame structure, the first SB is used for control and the next SB is used as associated pilot. Compared with TR25.814, the control signaling can be received in advance in our design of sub-frame structure and the advance time is about the duration of one SB. It is much helpful to Node B schedule as followings:

1) With the advance time, much more time can be available for schedule decision, which may bear more complex and precise scheduling arithmetic. 

2) And it is possible to schedule early, which can response channel information in time. 

The precise and timely schedule will get better system performance and increase system throughput. Therefore, it is meaningful that control signaling can be received early. We give two examples to illustrate the characteristic of early control signaling.

In figure 5, an example of more time for schedule is shown. Compared with the sub-frame in TR25.814, scheduling decision time is increased by about the duration of one SB in our new sub-frame structure.

In figure 6, an example of earlier schedule is shown. Compared with the sub-frame in TR25.814, DL data transmission of scheduling can be in advance for one DL scheduling process unit.
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Figure 5 – more time for schedule in the proposed sub-frame than inTR25.814
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 Figure 6 – earlier schedule in the proposed sub-frame than inTR25.814
3 The CP length in UL proposed sub-frame
In the new sub-frame structure, one long block is separated into two short blocks. As we know, there are 8 CP in current TR25.814 UL. But there are 9 CP in the new suggested sub-frame. Since the number of CP is different, the length of CP should be changed for the 0.5ms sub-frame.

In TR25.814, the 0.5ms sub-frame structure is:
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Figure 7 – Sub-frame format with two short blocks/sub-frame
One suggested 0.5ms sub-frame structure is:
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Figure 8 – proposed sub-frame format with four short blocks/sub-frame
We suggest that there are 8 short CP and one long CP for the 9 CP. And every short CP has the same length. As we know, the control information is very important and the size of control information is very small. Using the large CP is advantageous for receiving control signal transmission. Therefore, we recommend that the long CP is used for the short block which could transmit control signal. This short block also could transmit data information when no control signal is transmitted. 

Note that the long CP duration also includes guard time for ramp up + ramp down time
In the table 1, the CP duration of new sub-frame is suggested in red word.
Table 1. Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration of 

sub-frame in old 814
((s/samples *1)

	CP duration of new sub-frame
((s/samples *1)

	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*
	(3.61/111) ( 8,

(4.43/136) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.12/95) ( 7,

(4.47/103) ( 1*
	(3.60/83) ( 8,

(4.51/104) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1*
	(3.58/55) ( 8,

(4.69/72) ( 1*

	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1*
	(3.52/27) ( 8,

(5.21/40) ( 1*

	2.5
	0.5


	66.67/150/256
	33.33/75/128
	(3.91/15) ( 7,

(5.99/23) ( 1*
	(3.39/13) ( 8,

(6.25/24) ( 1*

	1.25
	0.5
	66.67/75/128
	33.33/38/64
	(3.65/7) ( 7,

(7.81/15) ( 1*1
	(3.13/6) ( 8,

(8.33/16) ( 1*


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 pilot signal or data blocks and (x2/y2) for n2 pilot signal or data blocks

*2: FFT size = samples
4 Simulation result
As stated earlier, the sub-frame structure is different and the CP duration is slightly smaller in our proposal compared with TR25.814. Since the decrease of the CP duration is very little and no extrapolation of channel estimation is used in all LB, we think the link performance might not decrease much. We make the simulation to evaluate the link performance of proposed sub-frame structure in figure 3.
Table 1 Simulation assumptions
	System bandwidth
	5MHz

	IFFT size
	512

	Number of used subcarriers
	300

	Propagation Channel
	Tu

	Number of Rx. Antenna
	2

	UE Speed
	30 km/hr , 120 km/hr , 250 km/hr
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Figure 9 – performance of data transmission in 5 LB when UE in 250km/hr
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Figure 10 – performance of data transmission in 5 LB when UE in 120km/hr
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Figure 11 – performance of data transmission in 5 LB when UE in 30km/hr
In figure 9, 10 and 11, the curve in blue is for the sub-frame structure of TR25.814 and the curve in red is for the sub-frame structure of our proposal. From figure 9, 10 and 11, we can see that the two curves are near each other. The result shows that the influence to the performance of data transmission in LB is very little whenever in the case of UE in high speed or low speed.
5 Conclusion

We present the new sub-frame structure and the CP length of new sub-frame structure for E-UTRA Uplink. 

1) In this sub-frame structure, one long block is split into two short blocks and data-non-associated signaling is transmitted in the first short block. If there is no data-non-associated signaling, data transmission could be in the first short block. There are 2 short blocks used for pilot signal in one sub-frame and they may be common in CDM. 
2) We propose 8 short CP of same length and 1 long CP in the sub-frame structure. And the long CP is used for the  short block transmitted control signaling.
The proposal of the sub-frame structure has the characteristic of low PAPR, allows fast and precise schedule, and take full advantage of data and pilot resource. Importantly, the control signaling and data information can be received reliably.
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