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1.
Introduction

During the RAN1 #98b meeting in Chongqing two RS patterns were proposed for the PMCH of the 300µs CP numerology. In [chariman notes] the following working assumption was made:
For the RS pattern, T_d=4

•
FFS: T_d = 2 as a configurable option
The difference between the two RS patterns is the separation of the RS in time (Dt) – the RS in the first of the patterns below are separated by four OFDM symbols as opposed to two in the second RS pattern. Both patterns have an RS separation in frequency (Df) of three tones.

•
RS pattern Df=3, Dt=4

•
RS pattern Df=3, Dt=2

This contribution compares the overheads of these two numerologies using first principles in order to understand whether we should expect there to be any benefit in retaining Dt = 2 as an option from the capacity point of view
2.
Background
As RS carry no data they may been viewed as introducing overhead in the transmission system. The overhead is the ratio of the number of REs containing RS to the total number of REs containing both data and RS across OFDM symbols. Figures 1 and 2 illustrate the two patterns that have been proposed. 
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Figure 1: Proposed RS Pattern for Df=3, Dt=2
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Figure 2: Potential RS Pattern for Df=3, Dt=4 showing CFO tracking RS (blue) and ‘frame closing’ RS at left 
Note that RS pattern Df=3, Dt=4 may require an additional CFO tracking (carrier frequency offset) RS occurring once in every 486 tones in every PMCH symbol, and on the same tones in every PMCH symbol [R1-1910732]. Additionally, this RS pattern may require a frame closing RS in order to assist channel estimation in carriers with numerology changes as well as for symbols preceded by the CAS which also has a different numerology to the PMCH [R1-1908841]. The CFO and frame closing RS would introduce additional overhead and must be taken into account.

2.
RS Overhead Comparison
2.1 Overhead of RS pattern Df=3, Dt=2

The overhead of RS in this pattern is simply 1/(Df*Dt) = 1/(3*2) =16.67% 

2.2 Overhead of RS pattern Df=3, Dt=4

Excluding the CFO and frame closing RS, the overhead of the RS in this pattern is 1/(Df*Dt) = 1/(3*4) = 8.3%

Should it be necessary to include the RS for CFO correction, these would introduce an additional overhead of 1/ 486 tones, or 0.2%.

For carriers in which the numerology of the PMCH does not change, the frame closing RS, should they be necessary, would introduce an additional overhead for the PMCH symbol immediately following the CAS. As the symbol duration or the 300us numerology is 3ms, 13 PMCH symbols occur between every CAS transmission. The overhead of the frame closing RS is therefore: 1/(13*3)  = 2.6%
The overhead of this pattern may therefore vary between 8.3 and 11.1%.

2.3 Overhead comparison

Should it not be necessary to include the CFO and frame closing pilots in the RS pattern Df=3, Dt=4, the RS pattern Df=3, Dt=2 would have an 8.3% greater RS overhead than the RS pattern with Df=3, Dt=4.
Should it be necessary to include the CFO and frame closing pilots in the RS pattern Df=3, Dt=4, the RS pattern Df=3, Dt=2 would have an = 5.6% greater RS overhead than the RS pattern with Df=3, Dt=4.

Observation 1: RS pattern Df=3, Dt=2 would have an overhead between 5.6% and 8.3 % greater than Df=3, Dt=4
3.
Summary 

Observation 1: RS pattern Df=3, Dt=2 would have an overhead between 5.6% and 8.3 % greater than Df=3, Dt=4.
Due to the lower overhead of Df=3, Dt=4, it is preferred. Retaining Df=3, Dt=2 would have to be justified based on other performance criteria.
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