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1. Introduction
At the RAN1#86 meeting, following agreements regarding numerology aspects were achieved [1]:
	Agreements:
· 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




In this contribution, we discuss multiple CP overheads for a given subcarrier spacing as a remaining aspect of numerology. 

2. Remaining numerology aspect
2.1. Multiple CP overheads for a given subcarrier spacing
Potential scenarios that require longer CP length than the one scaled from NCP together with SCS:
1: URLLC at lower carrier frequency (below 6GHz)
2: Millimeter wave communication at higher carrier frequency where coverage extension is applied
For 1, we have multiple choices; either wider SCS with large number of symbols (i.e., slot-level scheduling with wider SCS) or narrower SCS with smaller number of symbols (i.e., mini-slot-level scheduling). Between these two, it is natural to use narrower SCS with smaller number of symbols for URLLC at lower carrier frequency. At the RAN1#86 meeting, high-level concepts of subframe, slot, and mini-slot were agreed [1]. The narrower SCS with smaller number of symbols good matches to the mini-slot concept. Assuming that typical SCS is 15kHz or 30kHz at lower carrier frequency band, CP length would be sufficient in most cases as in LTE. 
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For 2, NCP would be sufficient in many cases since the coverage of the carrier frequency is not large in general. However, in a certain scenario, NCP might not be sufficient. One example is coverage extension. As was observed by various evaluations/investigations, path loss and penetration loss at higher carrier frequency (e.g., around 30GHz or higher) is extremely high, and guaranteeing coverage would be quite challenging with the current cell deployment strategy. There may be cases where coverage extension mechanisms at the network side, e.g., using repeater (see below), SFN combining, etc, are required. In this case, NCP of wider SCS may not be sufficient. For example, SCS for 30GHz may be 60kHz or higher. In case of 120kHz for example, NCP length in absolute time becomes roughly 0.67us. The delay spread of UMi street canyon at 30GHz with NLOS long delay profile would be around 0.3us. With repeaters, the delay spread increases due to the propagation between the BS and the repeater. Assuming that the repeater is deployed at 100m distance from the BS, the time delay between the BS and the repeater becomes 0.33us and the delay is visible if a UE can receive paths from both BS and the repeater. Similarly, in case of SFN combining, synchronization error among BSs may increase the delay spread seem by a UE. In LTE, TDD synchronization error is assumed to be within 3us. Although there is no synchronization requirement for NR yet, a certain value would be identified. As such, potential introduction of ECP is rather motivated for higher carrier frequency operation.
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Observation 1:
· For URLLC at lower carrier frequencies;
· There are two ways to extend CP length.
· Narrower SCS with smaller number of symbols
· Wider SCS with larger number of symbols
· Between them, narrower SCS is simpler to support.
· Narrower SCS with smaller number of symbols fits well with mini-slot concept.
· In case of eMBB + URLLC on one carrier, narrower SCS is likely to be used for eMBB.
Observation 2:
· For eMBB at higher carrier frequencies;
· It is unclear how long CP is necessary, if coverage extension mechanisms (e.g., booster) are introduced.
· It is difficult to use narrower SCS because of the phase-noise and frequency offset.
· Therefore, support of multiple CP overheads for a given SCS is more motivated for eMBB at higher carrier frequencies.

Supporting multiple CP overheads for a given SCS requires to introduce different number of symbols within 1ms/0.5ms. Until the CP overhead is known, the UE cannot receive data transmitted with a certain CP overhead. In case of LTE, a UE detects CP overhead by SS. However, LTE procedure requires blind detection of CP overheads at the initial access procedure. Blind detection is an effective way when these functions are fairly useful. For example, in case of LTE, UE applies blind detections on PDCCH monitoring, frame structure identification, etc. However, although blind detection on CP overhead was introduced in LTE, ECP is quite unpopular until now and therefore, energy for the blind detection was wasted in LTE. The limited resources in the processor should be used efficiently/effectively.
In that sense, it is not preferable to apply blind detection of CP overheads for NR as in LTE. One possible way is to inform a CP overhead by system information, where the system information is designed such that it is decodable without knowing the CP overhead. Possible detailed solution for this is described in [2].
Observation 3:
· Multiple CP overheads for a given SCS shall be realized without blind detection at the receiver (UE).
· Consider to design system information decodable without knowledge of the CP overhead.

3. Conclusion
In this contribution, we discussed remaining numerology aspects for NR and achieved following observations:
Observation 1:
· For URLLC at lower carrier frequencies;
· There are two ways to extend CP length.
· Narrower SCS with smaller number of symbols
· Wider SCS with larger number of symbols
· Between them, narrower SCS is simpler to support.
· Narrower SCS with smaller number of symbols fits well with mini-slot concept.
· In case of eMBB + URLLC on one carrier, narrower SCS is likely to be used for eMBB.
Observation 2:
· For eMBB at higher carrier frequencies;
· It is unclear how long CP is necessary, if coverage extension mechanisms (e.g., booster) are introduced.
· [bookmark: _GoBack]It is difficult to use narrower SCS because of the phase-noise and frequency offset.
· Therefore, support of multiple CP overheads for a given SCS is more motivated for eMBB at higher carrier frequencies.
Observation 3:
· Multiple CP overheads for a given SCS shall be realized without blind detection at the receiver (UE).
· Consider to design system information decodable without knowledge of the CP overhead.
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