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Introduction
At RAN1, the following was agreed in terms of NR support for extended cyclic prefix:
· Support extended CP at least for 60 kHz SCS
· UE support for ECP may depend on UE type/capability
· FFS how to configure UE using different CP overhead
· FFS the length of ECP
· FFS extended CP for other scenarios/numerologies
This document discusses
· The length of the extended cyclic prefix
· The support for extended cyclic prefix for numerologies other than 60 kHz
Length of cyclic prefix
For LTE, the extended cyclic prefix is achieved by reducing the number of symbols per 0.5 ms slot from seven symbols per slot to six symbols per slot. This creates an extended cyclic prefix of length approximately 16.7 s with a corresponding cyclic-prefix overhead of 25%.
NR supports a flexible sub-carrier spacing f = 2n ∙15 kHz with a corresponding slot length Tslot.
· For sub-carrier spacing up to 60 kHz: Tslot = 2-n ∙ 1ms and/or Tslot = 2-n ∙ 0.5 ms, corresponding to 14 and 7 symbols per slot respectively (assuming normal cyclic prefix)
· For other sub-carrier spacing: Tslot = 2-n ∙1 ms corresponding to 14 symbols per slot
For a given sub-carrier spacing Tslot should be the same for normal and extended cyclic prefix. 
[bookmark: _GoBack]A straighforward way to achieve an NR extended cyclic prefix is to reduce the number of symbols per slot in the same way as for LTE, i.e. reduce the number of symbols per slot to twelve and six, respectively. For 60 kHz numerology, this would lead to a cyclic-prefix length of approximately 4.2 µs. The cyclic prefix overhead would be the same as for LTE, i.e. 25%.
Alternatively, in case of Tslot = 2-n ∙1ms, an NR extended CP can be achieved by reducing the number of symbols per slot to 13. For 60 kHz numerology, this would give a cyclic-prefix length of approximately 2.6 µs with a cyclic-prefix overhead of roughly 15%.
Proposal 1: Consider the following two alternatives of extended cyclic prefix
· Cyclic-prefix overhead of 25% corresponding to 12 (6) symbols per slot
· Cyclic-prefix overhead of 15% corresponding to 13 symbols per slot
Extended CP for different numerologies
Current agreement only covers the support for extended CP for 60 kHz numerology with extended CP for other numerologies being FFS. 
It can be expected that, in general, the physical-layer (RAN1) specification will be numerology agnostic in the sense that it will describe an air-interface structure that scales with the numerology. 
Explicitly limiting the support for extended CP to a single sub-carrier spacing would only make the RAN1 specifications more complicated. Rather, like other physical-layer parameters, the extended cyclic prefix should be specified in a numerology-agnostic way. Numerology-dependent UE support for extended CP can then be provided by means of the overall UE-capability definitions. Note that the current agreement anyway explicitly states that extended CP may be a UE capability not supported by all UE types.  
Proposal 2: NR extended CP should, in the RAN1 specification, be specified in a numerology-agnostic way covering all currently agreed numerologies. 
Proposals
Proposal 1: Consider the following two alternatives of NR extended cyclic prefix
· Cyclic-prefix overhead of 25% corresponding to 12 (6) symbols per slot
· Cyclic-prefix overhead of 15% corresponding to 13 symbols per slot
Proposal 2: NR extended CP should, in the RAN1 specification, be specified in a numerology-agnostic way covering all currently agreed numerologies. 
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