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1 Introduction

The current numerology works well to satify the target performance of LTE. Thus, refinement work should be done to carry on the standardisation with a consolidated WI numerology. This contribution will provide improvements by modifying the numerology.
2 Unaligned Symbols

Scalable bandwidths for LTE are beneficial for future various band allocation needs. 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 LTE’s bandwiths/sampling rates but with different time duration.

When UEs with different bandwiths are multiplexed in one subframe’s different sub-carriers, the Ramp up/down times are unaligned. As show in the figure 1, the symbols are not aligned togther and thus reduced the effective CPs for every symbol in the subframe. 
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Figure 1. Unaligned first symbols for 10MHz UE and 20MHz UE, it means all the symbols are unaligned

In this stage, RAN1 has well reached the agreement on that the minimum bandwidth UE is 10 MHz, when we camp both 10MHz and 20MHz UE together into a 20MHz system. The first effective CP of UEs with out ramp up/down time reduced to 3.87us, rather than the designed 4.13us for 20MHz and 4.1us for 10MHz. The remained CPs for other symbols reduced to 3.90us, 3.93us, 3.96us, 3.99us, 4.03us, 4.07us, and 4.10us.

In case 15MHz UEs, which may not be very foreseeable, been multiplexed into the 20MHz system, the effective CPs are also been reduced to the same numbers.

Another disadvantage is that the RACH preamble belongs to UEs with different bandwidth may not well reflect the accurate timing. For the synchronized RACH, base station do not know the UE capability while the UE send preamble carried in the first few long and short block. Thus the performance of demodulation will be degraded.
3 Improvement

The above uneven multiplexing can be avoided by intentionally setting the ramp up/down time for different UEs to same value.

3.1 Maximum bandwith as baseline

For this method all the multiplexed UE are setting with a ramp up/down time same as the maximum bandwith UE been multiplexed. Thus the numbers of sampling of UEs with narrower bandwith decrease accordingly. By this way, we can ensure the maximized CPs except the first one. The first CP’s effective length will be reduced based on the real ramp up/down time of the minmum bandwith UE, e.g. for 10M+20M case, the value is 3.74 us for the first one and roughly 4.11us for others.

3.2 Minimum bandwith as baseline

For this method all the multiplexed UE are setting with a ramp up/down time same as the minimum bandwith UE been multiplexed. Thus the numbers of sampling of UEs with wider bandwith increase accordingly. Thus, the first ramp up/down time for wider bandwidth UE is redundant, but the symbols are aligned. The figure 2 shows the well-matched frame structured for different UEs, with the table 1 showing the parameters.
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Figure 2, the symbols are timely aligned regardless the bandwidths

For the 15MHz bandwith, it makes symbols aproximatly aligned for different UEs. As the Figure 2 has shown the difference range is within one sample. That is the best for the 15MHz system can archive. Beside, the 15MHz UE is not likely applicable.

4 Effect
We prefer the mthod of minimum bandwith as baseline. The major benefit is:

1. Well scalable for parameters of different bandwidth. If we don’t consider 15MHz UE, we can achive strict 2^k times between each other.

2. The symbols are more equally protected.
As RAN1 already decided the minimum UE bandwidth, the table 1 shows the refined parameter sets. To achive fewest modifications, only the bandwiths above the minimum UE bandwith are recalculated for its CPs. The table 1 shows the adjusted parameters.

5 Conclusion

By the recalculations of Table 9.1.1-1, benefits can be achived:

1. Aligned symbols, even different bandwidth UEs are multiplexed. That means maximized protection of symbols.

2. Better timing estimation when RACH sequences are generated with CPs.

3. Symbols are equally protected, even UE with different bandwidths are frequency-multiplexed.

We suggest the following changes for the numerology:

	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
	(4.1/126) ( 7,

(4.62/142) ( 1*


	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.08/94) ( 3,

(4.12/95) ( 4,
(4.60/106) ( 1*


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

(4.62/71) ( 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

Table1, recalculation

A cresponding CR is also submitted.
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Effective CP length = 3.87us
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Note: 15MHz UE，Approximately aligned with other UEs. The CPs: (4.60/106) ，(4.12/95)，(4.08/94)，(4.12/95)，(4.08/94) ，(4.12/95)，(4.08/94) ，(4.12/95)
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