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Introduction

This document proposes that long cyclic prefix is specified also for uplink transmission. New sub-frame structure that supports long CP is presented. 

Discussion

In TR 25.814 long and short CPs are specified for downlink transmission but for uplink only short CP can be used. Long CP in DL is needed for cells that are used for MBMS multicell transmission in single frequency network (SFN). However the usage of long CP in DL is not restricted to MBMS cells but it can also be used for unicast transmission in non-MBMS cells. Long CP may be needed for example in large cells when the delay spread of the channel can be large. In that kind of situation also the uplink has similar channel response and long CP is needed also there. 
Sub-frame structure for long cyclic prefix

We propose new sub-frame format that supports long CP in uplink. The proposed sub-frame format is presented in the figure 1. Compared to the current sub-frame structure with short CP, one of the LBs is removed in order to have longer CPs between LBs and SBs. 



                Figure 1, Sub-frame format for long UL CP

The proposed parameters for long CP sub-frame structure are presented in the table 1. CP duration in this case is about 14 (s.
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
((s/samples *1)


	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(14.32/440) ( 6,

(14.06/432) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(14.32/330) ( 6,

(14.06/324) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(14.32/220) ( 6,

(14.06/216) ( 1*

	5
	0.5
	66.67/300/512
	33.33/150/256
	(14.32/110) ( 6,

(14.06/108) ( 1*

	2.5
	0.5


	66.67/150/256
	33.33/75/128
	(14.32/55) ( 6,

(14.06/54) ( 1*

	1.25
	0.5
	66.67/75/128
	33.33/38/64
	(14.58/28) ( 6,

   (13.54/24) ( 1*1


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 reference signal or data blocks and (x2/y2) for n2 reference signal or data blocks
*2: FFT size = samples
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