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Background – Extended CP in LTE
The LTE air-interface supports one single sub-carrier spacing of 15 kHz with two different cyclic-prefix (CP) lengths:
· A “normal CP” of length 4.7 s (144/30.72 s), corresponding to a cyclic prefix overhead of in the order of 6.5%[footnoteRef:1] [1:  The cyclic prefix of the first symbol of each slot is somewhat longer (5.21 s).] 

· An “extended CP of length  16.7 s (512/30.72 s), corresponding to a cyclic prefix overhead of 20%
The LTE extended cyclic prefix was introduced for (at least) two reasons:
· To be used in case of extreme delay spread
· To be used for MBSFN transmission from multiple transmission points/cells
Extended CP for NR
It has been decided that the NR numerology should be aligned with LTE. Especially, the working assumption is that NR is to support sub-carrier spacings f = 2n15 kHz for different values of the integer n. To provide spectrum compatibility with LTE, the 15 kHz numerology, including symbol and cyclic-prefix lengths, should be fully aligned with the LTE numerology. At the same time, as outlined in [1] there are different alternatives for how the exact numerology, for example the symbol and cyclic prefix length, should scale with n.  
In addition to the reasons above, there is at least one additional reason to support an extended CP for NR. Somewhat depending the exact (sub)frame structure, the achievable latency may be lower by operating with higher-order numerologies (larger sub-carrier spacing). However, in general the length of the CP will decrease with an increase of the sub-carrier spacing. Supporting an extended CP would make it possible to use higher-order numerologies while retaining a relatively long CP, enabling lower latency while still being able to handle large delay spread in wide-area deployments. 
The use of an extended CP would inherently lead to significantly higher CP overhead. However, for specific services requiring very low latency, this could be acceptable in certain situations. It should also be noted that, assuming NR support for mixed numerologies within one carrier, the extended CP with the associated higher CP overhead, would not need to be used for the entire carrier. Rather, its use could be limited specifically to those links that require low latency and, simultaneously, large CP. 
With this is mind we believe that we are currently not in a situation where one could conclude that, for a given sub-carrier spacing, a single cyclic prefix is sufficient. Rather, the working assumption should be that, at least a longer (“extended”) cyclic prefix should be supported in addition to the “normal” cyclic prefix.
For 15 kHz numerology, the extended CP should be identical to the LTE extended CP. For other numerologies, the exact length of the extended CP (as well as the normal CP) will depend on the exact approach for symbol scaling as outlined in [1] 
Proposal: It should be assumed that NR should support both a normal CP and an extended CP. The extended CP should be identical to the LTE extended CP for the 15 kHz numerology.
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