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1
Introduction

TR 25.814 has defined the UL sub-frame format for different spectrum allocations and has presented the numerology in table 9.1.1-1. Looking more closely at the table it can be seen there is no simple relationship between the number of samples for the CPs in the 10, 15, and 20 MHz cases. This is a problem for a UE with 10 MHz maximum transmission bandwidth as the CP lengths in the 15 and 20 MHz spectrum allocation numerologies do not correspond to an integer number of samples for the sampling rate associated with the 10 MHz numerology. This makes it impossible to generate the sub-frame formats for these numerologies accurately with that sampling rate. This also reduces effective CP length and may cause inequal protection of blocks, when 10MHz and 20MHz UEs are multiplexed into system with bandwidth higher than 10MHz. The document proposes a slightly different numerology, which has a simple relationship between the numbers of CP samples in the different spectrum allocations and allows for coherent implementations.
2
10MHz UE access systems with higher bandwidths
In [1], it is not specified which set of parameters should be used to transmit, when 10MHz UE access 15MHz or 20MHz system. Since the CP durations and relative position of blocks in sub-frame are not same, it’s reasonable to assume that we should let 10MHz UE generate the sub-frame structures of the system it access.
2.1
The problem of current uplink sub-frame structure
Under the current setings for uplinks, the parameters for different bandwidths are proportional, except the ramp up/down time for different bandwidths. That is because mimized ramp up/down times for different bandwidth/sampling rate are different. Roughly, ramp up/down times are 8 sampling points for the different bandwidths/sampling rates but with different time duration.

When UEs with different bandwidths are multiplexed in one subframe’s different sub-carriers, the drawback for current numerology is listed as follows:

1. It’s impossible to aligned 10MHz UE with higher bandwiths/sampling rate, since the CPs are always odds numbers of samples.

2. The first blocks are not aligned and thus the effective CPs are reduced. When multiplexing both 10MHz and 20MHz UE together into a 20MHz system, the first effective CP of UEs(without ramp up/down time) is reduced to 3.87us, rather than the designed 4.13us for 20MHz and 4.1us for 10MHz. This will cause inequal protection of blocks.

[image: image1.wmf] 

Effective CP 

length = 3.87

us

 

20

MHz UE

 

10

MHz UE

 

Ramp down/up 

points = 0.26us

 

The 

1

st Long blocks

 

Ramp down/up 

points = 0.52us

 


Figure 1. Unaligned first blocks for 10MHz UE and 20MHz UE
2.2
The principle of modification on UL nurmerology
For this method all the multiplexed UE are assume with a ramp up/down time same as a minimum bandwidth UE. Thus the numbers of sampling of UEs with higher bandwidth are multipled with an interger accordingly. Thus, blocks are equally protected by CPs.
For the current numerology, since 15MHz do not divide 10MHz, we think scaling on 5MHz is a nice choice.
3
Sub-frame structure with improved numerology

In Figure 1 the UL frame structure is presented together with the new numerology in table 1. The new parameters are scaled so that in the 5 MHz, 10 MHz, 15 MHz and 20 MHz numerologies have identical CP lengths in time. This will solve the problem for UEs with 10 MHz maximum transmission bandwidth.  This changes the CP lengths somewhat, but as the current 5 MHz numerology already have these CP lengths, this change should have minimal impact. 



                Figure 2, Sub-frame format for long UL CP

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
	(4.04/124) ( 7,

(5.08/156) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.04/93) ( 7,

(5.08/117) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.04/62) ( 7,

(5.08/78) ( 1*

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

(5.08/39) ( 1*

	2.5
	0.5


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

(5.99/23) ( 1*

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

(7.81/15) ( 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

4
Conclusion
In this contribution we propose a small modification to the current UL numerology to make it possible for a UE with 10 MHz maximum transmission bandwidth to generate the sub-frame formats for the 15 MHz and 20 MHz spectrum allocations. This modification also increase effective CP length and provide equal protection of blocks.
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