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Discussion
At RAN #86, the following rather vague conclusion was made:


· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later
· Multiple CP lengths do not mean the normal CP have 2 different CP lengths in the LTE
· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same delay spread that LTE can handle with the normal CP length as one use case
· Other subcarrier spacing solution can be considered with an equal priority in the further study
· More than one CP length should be studied for a given subcarrier spacing
· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 
· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology
· Other proposals are not precluded
· Note: FFS whether all of subcarrier spacings support more than one CP length or not
Note: FFS whether supporting more than one CP length for a given subcarrier spacing is mandatory or optional for a given UE


LTE support a single sub-carrier spacing (15 kHz) with two different cyclic prefix
· The “normal” CP of length 144×Ts or approximately 4.7 µs
· The “extended” CP of length 512Ts or approximately 16.7 µs
The extended CP is realized by reducing the number of symbols per slot from seven to six and distributing the made-available time as CP extension to the remaining symbols.
It should be remembered that, for pure numerical reasons, the LTE normal CP is somewhat longer (144×Ts) for the first symbol of a slot. This is not the case for the extended CP.
NR will support scalable numerology with sub-carrier spacing f = 2n×15 kHz, where n is at least in the range zero to five corresponding to sub-carrier spacing ranging from 15 kHz to 480 kHz.
For 15 kHz numerology, there will at least be one CP identical to the LTE normal CP. For higher numerologies there will at least be one CP that is an (approximate) scaling of the LTE normal CP: The scaling may only be approximate because there is still an open issue on how to treat the somewhat longer first-symbol CP when going to higher numerologies, see [1].  
The main topic of the above cited RAN#86 conclusion relates with the introduction of additional longer (“extended”) CP(s) for a given sub-carrier spacing, similar to the extended CP of LTE. 
For LTE, the extended CP was intended for
· Scenarios with very long delay spread
· SFN transmission
It is a fact that the use of the LTE extended CP has been limited. However, in the context of NR, the situation could be different, especially as there are additional reasons to introduce longer CP for NR. 
While the normal CP of LTE is sufficient for almost all deployments including wide-area scenarios with extensive delay spread, the corresponding scaled CP for higher numerologies may be sufficient only for more short-range scenarios with limited delay spread. As an example, for a 120 kHz sub-carrier spacing the scaled normal CP would only be of length roughly 0.6 s. Assuming higher-order numerologies are only used for high frequencies where coverage is limited, this may be sufficient. However, it is considered to also use higher numerologies at lower frequencies as a tool to reduce latency by reducing the length of slot. Although there are other means to achieve low latency, such as the use of mini-slots, we believe this to be a valid reason to support also extended CP at least for higher numerologies.
There are also proposals to use SFN transmission, or at least be able to use SFN transmission, for e.g. synchronization signals used for initial access and the corresponding essential system information [2].
Proposal 1: Extended CP(s), larger then scaled normal CP should be supported for NR
While, for 15 kHz numerology, the LTE extended CP is essentially the only option for NR extended CP, the situation could be somewhat different for higher numerologies. As discussed above, the LTE extended CP is realized by reducing the number of symbols per slot from seven to six and distributing the made-available time as CP extension to the remaining symbols. In the same way, an NR extended CP for, for example, 120 kHz numerology could be realized by removing one symbol per seven-symbol slot leading an extended CP which is a scaled version of the LTE extended CP with the same relatively high CP overhead. However, at least in principle one could also envision a more limited extended CP with less CP overhead. For example, one could consider removing one symbol per 14 symbols or one symbol per 28 symbols.
Proposal 2: Consider the possibility for multiple extended CP lengths, with CP overhead in between the LTE normal CP and the LTE extended CP for higher numerologies
Summary of proposals
Proposal 1: Extended CP(s), larger then scaled normal CP should be supported for NR
Proposal 2: Consider the possibility for multiple extended CP lengths, with CP overhead in between the LTE normal CP and the LTE extended CP for higher numerologies.
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