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Introduction
In RAN1#86 meeting, the following agreement on support of multiple CP length was reached [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
The subframe duration and symbol alignment within a subframe were defined in the following agreement and working assumption [1]:
Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms
Working assumption:
· Alignment within a subframe
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case
For different CP overheads, the time alignment should be strived as shown in the following agreement:
Agreements:
RAN1 strives how to enable efficient time alignment between transmissions with different CP overheads
According the agreements of last meeting, in this paper we will discuss the support of multiple CP lengths.

Multiple CP overheads
According to agreement of last meeting, the main motivation of support of multiple CP overheads is mainly for 60kHz (and larger) subcarrier spacings. If CP length of 60kHz is 1/4 of NCP of 15kHz subcarrier spacing, the ISI will potentially be present.  One of approaches is to introduce ECP at least for 60kHz. However, ECP will lead to about 20% CP overhead. It is a tradeoff for introducing ECP for 60kHz subcarrier spacing. From the perspective of application scenarios, 60kHz subcarrier spacing is a key subcarrier spacing for URLLC since an about 0.125ms duration of a slot (7 symbols assumed) can be achieved. Although the similar duration can be achieved by mini-slot in smaller subcarrier spacings, e.g. 3/4 symbols of 30kHz, mini-slot may have some drawbacks, such as the control/RS overhead and design complexity. From the perspective of high frequency, i.e. over-6GHz, the CP length may not too small especially for UMa/UMi deployment, and thus it is valuable to consider to use ECP for 60kHz and larger subcarrier spacing. Due to the ultra-wide bandwidth in high frequency, the overhead of ECP is not so critical. From the perspective of design complexity, ECP has uniform CP lengths for all OFDM symbols which is different from NCP, thus the symbol alignment has no design effort of support. From the perspective of UE implementation complexity, in LTE, ECP is default to be blindly detected in cell search and is a mandatory capability for UE, thus there is no much more UE implementation complexity if ECP is supported in NR. 
From above perspectives, we propose:
Proposal 1: ECP (12 symbols with uniform duration in 1ms for 15kHz subcarrier spacing) can be proportionally scaled down to support at least for 60kHz and larger subcarrier spacings.

Multiple CP lengths for a given CP overhead
The main motivation of support of multiple CP lengths comes from non-uniform CP lengths for NCP family, i.e. symbol-0 and symbol-7 has CP length of 160Ts, but other symbols has a CP length of 144Ts in a subframe (14 symbols). When subcarrier spacing is scaled up, CP length is proportionally scaled down. It will cause the symbol alignment issue and subframe duration issue (absolute subframe duration). According to agreements in the last meeting, subframe duration is only defined for reference numerology, and thus when numerologies multiplexing the subframe duration may be only defined for a reference numerology, and symbol alignment with a subframe can be an implicit restriction for the other numerologies than the reference numerology. 
If we assume 14 symbols per subframe, we can list the multiplexing of 15kHz and 30/60kHz in the following.
· 15kHz and 30kHz are multiplexed with restriction that NCP of LTE is NCP of 15kHz 
· 15kHz is reference numerology, and subframe duration is 1ms
· Symbol alignment within 1ms: The CP length of 30kHz can be directly scaled down from NCP of 15kHz, i.e. 80Ts for symbol-0 and symbol-1, 72Ts for symbol-2 to symbol 13, 80Ts for symbol-14 and symbol-15, and 72Ts symbol-16 to symbol-27. In fact, symbol-0 and symbol-1 of 30kHz has degree of freedom to be resorted, e.g. larger CP in symbol-0 (88Ts for symbol-0 and 72 Ts for symbol-1). [2]
· 30kHz is reference numerology, and subframe duration is 0.5ms
· Symbol alignment within 0.5ms: The CP length of 30kHz can be directly scaled down from NCP of 15kHz, i.e. 80Ts for symbol-0 and symbol-1, and 72Ts for symbol-2 to symbol 13. In fact, symbol-0 and symbol-1 of 30kHz has freedom degree to be resort, e.g. larger CP in symbol-0 (88Ts for symbol-0 and 72 Ts for symbol-1).
· 15kHz and 60kHz multiplexing
· 15kHz is reference numerology, and subframe duration is 1ms
· Symbol alignment within 1ms: The CP length of 60kHz is directly scaled down from NCP of 15kHz, i.e. 40Ts for symbol-0 to symbol-3, 36Ts for symbol-4 to symbol 27, 40Ts for symbol-28 and symbol-31, and 36 symbol-32 to symbol-55. In fact, symbol-0 to symbol-3 of 60kHz has degree of freedom to be resorted, e.g. larger CP in symbol-0 (52Ts for symbol-0, and 36 Ts for symbol-1 to symbol-3).
· 60kHz is reference numerology, and subframe duration is 0.25ms
· Symbol alignment within 0.25ms cannot be achieved, thus 60kHz cannot be reference numerology.
From above list, it can be observed that with the restriction the CP length of 30kHz can be fixed, and the CP length of 60kHz make it hard to be a reference numerology when it is multiplexed with 15kHz.
Similarly, we can list the multiplexing of 30kHz and 60kHz as shown in the following. To avoid too many options of CP lengths and keep uniform CP lengths as much as possible, we set the restriction that the CP length of 30kHz can be directly scaled down from NCP of 15kHz.
· 30kHz and 60kHz multiplexing, and with restriction that the CP length of 30kHz is directly scaled down from NCP of 15kHz
· 30kHz is reference numerology, and subframe duration is 0.5ms
· Symbol alignment within 0.5ms:  The CP length of 60kHz is directly scaled down from the CP length of 60kHz, 40Ts for symbol-0 to symbol-3, and 36Ts for symbol-4 to symbol 27. In fact, symbol-0 to symbol-3 of 60kHz has degree of freedom to be resorted, e.g. larger CP in symbol-0 (52Ts for symbol-0, and 36Ts for symbol-1 to symbol-3).
· 60kHz is reference numerology, and subframe duration is 0.25ms
· Symbol alignment within 0.25ms cannot be achieved, thus 60kHz cannot be reference numerology.
From above two lists, it can be observed that 60kHz is hard to be a reference numerology when it is multiplexed with 15kHz or 30kHz. 
[bookmark: _GoBack]However, 60kHz can be deployed in a carrier in a “standalone” fashion or multiplexed with larger subcarrier spacings (120/240/480kHz) in over-6GHz, and in these scenarios 60kHz may be deployed as reference numerology. To become reference numerology, the CP lengths of 60kHz can be resorted and break the restriction of symbol alignment with 15kHz or 30kHz. Considering that 60kHz may be multiplexed with 120/240/480kHz, the larger CP lengths of 60kHz can be uniformly allocated to the specific symbols, which can let more subcarrier spacing (120/240/480kHz) be a reference numerology. For example, the larger CP length can be allocated to symbol-0 and symbol-7 in 14 symbols of subframe (0.25ms duration) of 60kHz, i.e. 40Ts for symbol-0 and symbol-7, and 36Ts for other 12 symbols. In this way, 120kHz can be symbol aligned with 60kHz and has duration of 0.125 (14 symbols in 120kHz), which can be a reference numerology also.
From above discussion, 15kHz and 30kHz can have a fixed CP lengths in NCP family (i.e. ~7% CP overhead). However, 60kHz could have two types of CP lengths for NCP family. Specially, one is for symbol alignment when 60kHz is multiplexed with 15/30kHz; another one is for being reference numerology when multiplexed with 120/340/480kHz. On the other side, it is noted that in ECP family, only one type of CP lengths can be defined for every subcarrier spacings.
Therefore, we suggest:
Proposal 2: In NCP family (i.e. ~7% CP overhead), 15kHz can have fixed CP lengths (i.e. NCP of LTE); 30kHz can have fixed CP lengths (i.e. 1/2 of NCP of LTE); 60kHz can have two types of CP lengths (one is for symbol alignment when 60kHz is multiplexed with 15/30kHz; another one is for being reference numerology when multiplexed with 120/340/480kHz). In ECP family (i.e. ~20% overhead), every subcarrier spacing has fixed CP lengths (i.e. scaled ECP of LTE).

Conclusions
As conclusion, we have the following proposals and suggestion:
Proposal 1: ECP (12 symbols with uniform duration in 1ms for 15kHz subcarrier spacing) can be proportionally scaled down to support at least for 60kHz and larger subcarrier spacings.
Proposal 2: In NCP family (i.e. ~7% CP overhead), 15kHz can have fixed CP lengths (i.e. NCP of LTE); 30kHz can have fixed CP lengths (i.e. 1/2 of NCP of LTE); 60kHz can have two types of CP lengths (one is for symbol alignment when 60kHz is multiplexed with 15/30kHz; another one is for being reference numerology when multiplexed with 120/340/480kHz). In ECP family (i.e. ~20% overhead), every subcarrier spacing has fixed CP lengths (i.e. scaled ECP of LTE).
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