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1 Introduction
In RAN1#87, the following agreements were made for NR numerology and CP lengths [1]:

	Agreements:
· Possible use cases for the extended CP include
· Multiplexing of eMBB and URLLC deployed below 6 GHz
· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz
· Transmission of URLLC with 60 kHz SCS

· High speed scenarios for 30kHz and 60kHz
· 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 
Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· FFS whether DL control can be supported within one mini-slot of length 1 

· Lengths from 2 to slot length -1

· FFS on restrictions of mini-slot length based on restrictions on starting position 

· For URLLC, 2 is supported, FFS other values 

· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions

· Can start at any OFDM symbol, at least above 6 GHz

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 




Following the above agreements, this contribution further discusses the CP length for 60 kHz SCS. 
2. Discussion
2.1 Boundary alignment and resource efficiency 
Currently time resource units of “slot” and “mini-slot” have been discussed to be introduced into the NR frame structure. The unit of mini-slot will be helpful in some important use cases of NR, for example, fine granularity of transmission start position, flexibility of frame structure including mini-slot aggregation, very low latency communication, and so on. The introduction of mini-slots also will be helpful to multiplex use cases (e.g. multiplexing of eMBB and URLLC) in a same carrier. 
In this contribution, 15 kHz SCS with NCP (e.g. an eMBB use case) and 60 kHz SCS with ECP (e.g. a URLLC use case) can be studied as an example. Table I shows potential candidate ECP options for 60 kHz SCS [2]-[5]. 

Table I. Potential candidate ECP options for 60 kHz SCS. 

	CP Option
	NCP
	Scaled 
NCP
	(i)  ECP [3][4]
	(ii) Scaled LTE ECP [2][3][5]
	(iii)  ECP [5]

	SCS [kHz] 
	15
	60 
	60
	60 
	60

	CP length (approx.) [sec] 
	4.7 
	1.19 
	3.74
	4.17 
	7.16

	CP overhead [%] 
	6.67 
	6.67 
	18.33
	20.0 
	30.0

	Number of symbols per 1 msec
	14 
	56 
	49
	48 
	42

	Align at 1-symbol level of 15 kHz SCS and NCP 

(Number of symbols per the given period)
	Yes 

(1)
	Yes 

(4)
	No 

(3)
	No 

(3)
	Yes 

(3) 

	Align at 2-symbol level of 15 kHz SCS and NCP 

(Number of symbols per the given period)
	Yes 

(2)
	Yes 

(8)
	Yes 

(6 or 7)*
	No 

(6)
	Yes 

(6)

	Align at 7-symbol level of 15 kHz SCS and NCP 

(Number of symbols per the given period)
	Yes 

(7)
	Yes 

(28)
	No

(24)
	Yes 

(23 or 24)*
	Yes

(21)


(*The numbers may depend on the definitions of slot and mini-slot.) 
One important point for deciding ECP lengths is whether boundary alignment is required or not at the slot and mini-slot levels across different CP overheads. From the viewpoint of interference due to FDM of different SCS and different CP overheads, such a boundary alignment may not be so significant because the orthogonality may be already lost due to CP (even if NCP is used). On the other hand, ECP lengths will affect their actual resource efficiencies in the time domain as shown in Table I. 

The option (i) in Table I can align at 2-symbol mini-slot level of 15 kHz SCS with NCP [3][4]. The 2-symbol level is equivalent to the minimum length of min-slot in the current agreement. This option will achieve the higher efficiency than the other candidates particularly in the 2-symbol mini-slot period. The option (i) can contain 7 symbols of 60 kHz SCS in the period while the other candidate options can contain 6 symbols. However, one concern for this option is that the advantage of higher efficiency may be reduced depending on the definitions of slot and mini-slot. For example, if a fixed 7-symbol slot (like LTE’s slots per subframe) is introduced to the NR frame structure, one mini-slot period will overlap a boundary of the slots every 1 msec. Then, this fact may result in efficiency reduction, or restriction of mini-slot scheduling. As other example, the granularity of mini-slot starting position will affect the resource efficiency. If 1-symbol granularity is applied to the mini-slot starting position, half the mini-slots can contain only 6 symbols of 60 kHz SCS. 
Observation 1: An ECP length achieving 2-symbol level alignment will have higher resource efficiency than the other candidate options in the time domain. 

Observation 2: The advantage of the ECP achieving 2-symbol level alignment may be reduced depending on the definitions of slot and mini-slot, e.g. the introduction of a fixed 7-symbol slot, the granularity of mini-slot starting position. 
The option (ii) is equivalent to a scaled LTE’s ECP, and can align at 7-symbol (mini-)slot level of 15 kHz SCS with NCP [2][3][5]. The option (ii) has similar resource efficiency with the option (i). Similarly, the resource efficiency of the option (ii) may depend on the definition of mini-slot. In cases of the option (ii), the resource efficiency may be reduced if a configurable 7-symbol mini-slot is introduced into the NR frame structure. On the other hand, if a fixed 7-symbol slot is introduced, the option (ii) will have the almost same efficiency with the option (i). 
Observation 3: An ECP length achieving 7-symbol level alignment has almost similar efficiency to that achieving 2-symbol level alignment though the resource efficiency of the ECP achieving 7-symbol level alignment may depend on the definition of mini-slot, e.g. the introduction of a configurable 7-symbol mini-slot. 

The option (iii) can align at 1-symbol level of 15 kHz SCS with NCP [5]. From the boundary alignment viewpoint, this option may be better among the candidates. However, it may result in excess length and overhead of ECP, and then the corresponding number of symbols per the 7-symbol level of 15 kHz SCS and NCP is reduced from 24 to 21 compared to the options (i) and (ii). It implies that the option (iii) will reduce about 12 % of the resource efficiency. This trend will be significant particularly in longer transmission time interval including mini-slot aggregation. Moreover, even in the periods of 1-symbol and 2-symbol levels, the option (iii) has no advantage compared to the other candidates. 

Observation 4: An ECP length achieving 1-symbol level alignment may reduce the resource efficiency in the 7-symbol and 14 symbol periods of 15 kHz SCS with NCP. 
Following the above discussion, the 1-symbol level alignment may not be so important even in the time domain. If NR can allow a boundary misalignment at the 1-symbol mini-slot level, the options (i) or (ii) can be promising candidates from the viewpoint of resource efficiency. Therefore, taking into account the discussion, we summarize our proposals as below: 
Proposal 1: NR should allow a boundary misalignment at least at the 1-symbol level across different CP overheads. 

Proposal 2: For 60 kHz SCS, NR should support ECP realizing 48 symbols or 49 symbols per 1 msec. 

2.2 CP lengths for SCS other than 60 kHz 
As mentioned above, ECP for 60 kHz SCS is just one use case. In previous RAN1 meetings, other ECP use cases also have been discussed, e.g. high reliable and high rate communication [2], higher frequency bands [6][7], TA-free uplink transmission [8], etc. In these use cases NR will use SCSs other than 60 kHz. Therefore RAN1 should study CP lengths for other SCSs. 
Proposal 3: RAN1 should study CP lengths for SCSs other than 60 kHz. 
3. Conclusions
We discussed the CP length for 60 kHz SCS, and the remaining issues on CP lengths for other SCSs. From the discussion, we observed the following things: 
Observation 1: An ECP length achieving 2-symbol level alignment will have higher resource efficiency than the other candidate options in the time domain. 

Observation 2: The advantage of the ECP achieving 2-symbol level alignment may be reduced depending on the definitions of slot and mini-slot, e.g. the introduction of a fixed 7-symbol slot, the granularity of mini-slot starting position. 
Observation 3: An ECP length achieving 7-symbol level alignment has almost similar efficiency to that achieving 2-symbol level alignment though the resource efficiency of the ECP achieving 7-symbol level alignment may depend on the definition of mini-slot, e.g. the introduction of a configurable 7-symbol mini-slot. 

Observation 4: An ECP length achieving 1-symbol level alignment may reduce the resource efficiency in the 7-symbol and 14 symbol periods of 15 kHz SCS with NCP. 

Then, we summarize our proposals for the NR numerology study as below: 
Proposal 1: NR should allow a boundary misalignment at least at the 1-symbol level across different CP overheads. 

Proposal 2: For 60 kHz SCS, NR should support ECP realizing 48 symbols or 49 symbols per 1 msec. Proposal 3: RAN1 should study CP lengths for SCSs other than 60 kHz. 
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