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1	Introduction
In RAN1 #86, we agreed the following regarding CP length(s) for NR, as captured in [1]:

· 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
 
This contribution discusses the scenarios that an “extended CP” or a CP length different from Normal CP is needed in phase 1 of NR. 

2	Issues to consider in setting the CP length
The NR structure must be able to work in various frequency bands from 700 MHz to 70GHz [2]. For NR deployments across this frequency range, this will result in various channel conditions being observed. In addition to that, beamforming will add to the uncertainty of the channel for different deployment scenarios [3]. On the other hand, the optimal CP length depends on the delay spread experienced by the channel, and this depends on the presence of reflections of the signal, and also whether the UE is attempting to simultaneously combine received signals from more than one Base Station operating the same frequency. 

Setting a shorter CP has the aim of reducing overhead in the physical layer structure, to allow for higher spectrum efficiency. However, setting a cyclic prefix value that is too short and does not cope with extended delay spread from a single or multiple Base Stations may lead to worse link performance due to increased ISI and actually degrade user experience and spectrum efficiency. On the other hand, when this problem is not experienced, then a shorter CP would be appropriate. 

Observation 1: The most optimal cyclic prefix to set for the radio interface may depend very much on the specific environment of the UE. Being able to adapt the CP to suit the actual delay spread observed, this could help the link performance, and improve the end user experience.



3	Scenarios and use cases related to multiple CP lengths
Operators in general are in favour of having multiple CP lengths per numerology. For the sake of spectral efficiency, there should be a normal scaled CP ensuring a target CP overhead of 7-8% of the OFDM symbol duration for all the different Sub-Carrier-Spacing (SCS).  We call it normal CP in reference to LTE. For catering special use cases where both high SCS and large delay spread occur, CP lengths larger than the normal CP (e.g., “extended” CP) should be introduced.
Examples:
1) Catering verticals' need on URLLC with our existing macro deployment in low frequency band, e.g., 900MHz (large delay spread, large SCS). A maximum RMS delay spread of 2us in urban, suburban and rural environments is measured around 900MHz bands [4]. However, for 60 kHz subcarrier spacing the NCP will be equal to 1.3/1.17us which is much lower than the measured 2us.             
2) Providing extreme long range with some mobility (large delay spread, medium SCS to offer a good trade-off between CP overhead and robustness to mobility around 160 km/h)
3) Catering rural deployment with high mobility with ISD = 1732/5000m  (high SCS, large delay spread)
4) Providing eMBB services with low latency (high SCS) for high speed users (example: VR gaming in a train or car). The V2V studies show that the scaled normal CP would not be large enough. 
5) Providing coverage in mmWave as for low frequency band (medium delay spread, high SCS)
Conversely, there are cases where a scaled normal CP may be too large and a waste of spectrum for example:
1) Catering services with different beam-width (delay spread will be reduced by narrowing the beam). As an example, for 30 kHz sub-carrier spacing there would be 28(14*2) symbols per 1ms subframe with normal CP. Adopting a reduced CP with 50% would allow for 29 symbols per subframe and so on for larger SCS we can have even more symbols fit in one subframe.
Observation 2: Multiple values of CP length per numerology, i.e., Reduced CP, Normal CP and Extended CP, may help to optimize the CP overhead with respect to the UE experienced delay spread and service.
Proposal 1: NR should support ECP for eMBB and low latency usecases. The representative value of the delay spread related to the aforementioned scenarios should be investigated in order to select the appropriate ECP values per numerology in phase 1.
Proposal 2: Multiple CP lengths per numerology should be defined for eMBB and URLLC use cases to support different scenarios and delay spread in phase 1 (and later phases.
Proposal 3: More than one CP lengths can be operated within a cell in both uplink and downlink for eMBB and URLLC use cases in phase 1 (and later phases).


4	Conclusion
Considering the observations:
Observation 1: The most optimal cyclic prefix to set for the radio interface may depend very much on the specific environment of the UE. Being able to adapt the CP to suit the actual delay spread observed, this could help the link performance, and improve the end user experience.
Observation 2: Several values of CP per numerology, i.e., Reduced CP, Normal CP and Extended CP, may help to optimize the CP overhead with respect to the UE experienced delay spread and service.
It is proposed that: 
Proposal 1: NR should support ECP for eMBB and low latency usecases. The representative value of the delay spread related to the aforementioned scenarios should be investigated in order to select the appropriate ECP values per numerology in phase 1.
[bookmark: _GoBack]Proposal 2: Multiple CP lengths per numerology should be defined for eMBB and URLLC use cases to support different scenarios and delay spread in phase 1 (and later phases).
Proposal 3: More than one CP lengths can be operated within a cell in both uplink and downlink for eMBB and URLLC use cases in phase 1 (and later phases).


5	References
[1] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #86, Gothenburg, Sweden.
[2] 3GPP TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”.
[3] R1-164019, “Discussion on CSI acquisition for beamformed access”, May 2016
[4] Larry J. Greenstein, Vinko Erceg, et al, “A New Path-Gain/Delay-Spread Propagation Model for Digital Cellular Channels” IEEE Trans. On Vehicular Technology, vol. 46, No.2, pp.477-485 May 1997



