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1. Introduction 
In RAN Plenary #71, a new SI, Study on New Radio Access Technology [1], was approved. As of RAN1#86bis, impacts of CP lengths on various NR scenarios have been studied. Then, the following agreements were made for NR numerology during RAN1 #86bis [2]. 
Agreements:
· From Phase 1, physical layer design should support an extended CP

· Extended CP will be only one in given subcarrier spacing

· FFS: Exact for the services/scenarios for extended CP

Agreements:
· From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by  

· Using the same sub-carrier spacing with the same CP overhead

· FFS: different CP overhead
· Using different sub-carrier spacing 

· FFS: CP overhead
· NR supports both approaches by specification

· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL
Following the above agreements, this contribution further discusses CP overhead particularly for URLLC use cases. 
2. Discussion 
2.1. URLLC use cases 
In URLLC use cases which include mission critical communications, both requirements on latency and reliability should be taken into account. In accordance with SMARTER [3], some use cases may require low latency and/or high reliability simultaneously or separately, such as Ultra-reliable communication, Connectivity for drones, Industrial control, Tactile Internet, Localized real-time control, Connected vehicles, Local UAV collaboration, Moving ambulance and bio-connectivity. Moreover, some of the other use cases may also require high throughput or high data rate in addition to reliability and latency, e.g. Improvement of network capabilities for vehicular case, Vehicular Internet & infotainment. Low latency and high reliability may be separately required depending on each of URLLC use case. These various URLLC use cases, both those which require high reliability and those which do not, should be considered in the NR study. 
Observation 1: Low latency and high reliability may be simultaneously or separately required depending on each URLLC use case. 

Observation 2: Some URLLC use cases may require high throughput as well as low latency and/or high reliability. 

To cover such use cases and future unexpected ones, NR should support as high achievable throughput as possible even for URLLC. Using higher MCSs can be considered to increase the potential achievable throughput. However, some contributions pointed out that NCP may limit the applicability of higher MCSs because of large channel delay spreads [4], UL transmission [5], and so on. ECP can be seen as a solution to push the limit and make the performance with higher MCSs stable in those scenarios. 
Observation 3: ECP can be seen as a solution to push the limit of applicability of higher MCSs and achievable throughput. 
When considering the support of ECP, there may be trade-offs among latency, reliability and throughput in the NR PHY design. If only best-effort services are prioritized in NR, benefits of ECP may be reduced. However, URLLC which includes mission critical communications is also a key NR use case. Therefore, RAN1 should carefully investigate and evaluate applicable scenarios of extended CP taking into account the requirements in each URLLC use case.
Proposal 1: RAN1 should further investigate applicable scenarios of extended CP taking into account requirements of low latency, high reliability and achievable throughput in each URLLC use case. 
2.2. Multiplexing of different CP overhead families 
The NR PHY design should also consider the multiplexing of different CP overhead families. Figure 1 illustrates four multiplexing scenarios, particularly FDM ones, in terms of SCSs and CP overheads. While the multiplexing of different SCSs (Fig. 1(b)) was already agreed, those of different CP overhead families (Figs. 1(c) and (d)) are treated as FFS so far. Supporting the multiplexing of different CP overhead families will further improve flexibility of dynamic resource sharing among the different requirements as above, in particular allowing URLLC requiring reliability (and hence a longer CP) to be multiplexed with eMBB. Therefore, NR should support the multiplexing of transmissions with different CP overhead families, in addition to that with different SCSs. 
In the FDM of different SCSs, there are potential interferences among transmissions with different SCSs. RAN1 evaluated link-level performance in the FDM scenarios [6]. The multiplexing of different CP overhead families may cause similar potential interference. Nevertheless, the impact of this potential interference has not been evaluated yet. Therefore, RAN1 also should investigate link-level performance in scenarios with the multiplexing of different CP overhead families, for examples, in terms of BLER and throughput. 
Proposal 2: NR should support multiplexing of transmissions with different CP overhead families. 
Proposal 3: RAN1 should further investigate link-level performance of multiplexing of different CP overhead families. 
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	(a) Same SCS and same CP overhead.
	
	(b) Different SCSs and same CP overhead.

	
[image: image3]
	
	
[image: image4]

	(c) Same SCS and different CP overheads.
	
	(d) Different SCSs and different CP overheads.


Figure 1. Four FDM scenarios in terms of SCSs and CP overheads. 

3. Conclusion

This contribution discussed the CP overhead families for the NR numerology. From the discussion the following observations have been made:  
Observation 1: Low latency and high reliability may be simultaneously or separately required depending on each URLLC use case. 
Observation 2: Some URLLC use cases may require high throughput as well as low latency and/or high reliability. 
Observation 3: ECP can be seen as a solution to push the limit of applicability of higher MCSs and achievable throughput. 
Then, we summarize our proposal for the NR numerology study as below: 
Proposal 1: RAN1 should further investigate the necessity of extended CP and higher MCSs in URLLC from low latency, high reliability and achievable throughput viewpoints, respectively. 
Proposal 2: NR should support multiplexing of transmission with different CP overhead families. 

Proposal 3: RAN1 should investigate link-level performance of multiplexing of different CP overhead families. 
References
[1] RP-160671, NTT DOCOMO, “New SID Proposal: Study on New Radio Access Technology,” RAN Plenary #71, March 2016. 

[2] Chairman’s Notes RAN1_86bis_final.doc, October 2016. 
[3] TR22.891, “Feasibility Study on New Services and Markets Technology Enablers,” V14.1.0, June 2016. 

[4] R1-1608945, Sony, “Discussion on longer CP lengths,” RAN1 #86bis, October 2016. 

[5] R1-1609426, Huawei, HiSilicon, “Evaluation on subcarrier spacing and CP types for UL transmission,” RAN1 #86bis, October 2016.  
[6] R1-166119, Huawei, HiSilicon, “Summary of email discussion on calibration for NR waveform,” RAN1 #86, August 2016. 
2 / 4

[image: image1][image: image5.emf]CP Symbol 

Time

No interference among transmissions with the 

same SCS and with the same CP overhead

CP Symbol 

F

r

e

q

.

[image: image6.emf]CP Symbol 

C

P

Symbol 

C

P

Symbol 

C

P

Symbol 

C

P

Symbol 

F

r

e

q

.

 

Time

Potential interference among transmissions with 

the different SCSs with the same CP overhead 

[image: image7.emf]CP Symbol 

Time

Potential interference among transmissions with the 

same SCS and with the different CP overheads

CP Symbol 

F

r

e

q

.

 

