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1 Introduction
RAN4 has been discussing the UE support of SCS over the last several meetings. Since NR BS’s support of SCS is mainly up to declaration at the request of operators’ particular deployment cases, the focus of the discussion is mainly on the UE. 

In [1], the following agreement was made:

[image: image1.png]Agreements on SCS for Rel.15

SCS supported for bands below 1 GHz
— 15kHz, 30kHz

— The decision of supporting 60kHz is pending RAN1 check

SCS supported for bands between 1GHz and 6GHz

— 15kHz, 30kHz, 60kHz

SCS supported for bands above 24GHz and below 52.6GHz
— 60 kHz, 120kHz

~ 240kHz s not applicable for data
+ 240 for data can b further considered if a clear benefitIs shown

SCS support is band dependent

RANA assumes others SCS at least for data may be added ina
forward compatible manner in later releases




Some observations can be made about the above agreement. First, 60kHz SCS is supported for below 6GHz, thought the support of SCS is band dependent. Second, while SCS support is being decided for R15, RAN4 does need to think and agree on how to introduce other SCS in later releases in a forward compatible manner. Third, the support of SCS was agreed upon with both eMBB and URLLC in mind, as both of them are supported in R15.
And in [2], it was agreed that UE shall meet RF requirements for any SCS for the supported channel bandwidth, which means all the SCS in below table should be supported as mandatory.
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[image: image3.png]Agreement

« UE maximum channel bandwidth is a. UE capability.

- Itis FFS if the UE capability is per band or a group of
bands (such as sub6 and mmWave)

« UE shall meet either a single carrier or.CA based RE
requirements for the channel bandwidths in Slide #3-#4 that
is equal to or smaller than UE maximum channel bandwidth
for any SCS.

* RAN4 should agree some threshold value for which BW's
should be supported by single CC configuration.





Some further agreement on UE support of different numerologies for data in TDM manner was further made in [3], copied as below. 
[image: image4.png]Way forward for UE

+ UE shall support sub-carrier spacing(s) for data in TOM manner as
below in Rel-15:
* For sub-1GHz
* Mandatory: 15k, 30k
* For 1GHz-6GHz

+ Mandatory: 15k, 30k
+ Optional: 60k

* FormmWave
+ Mandatory: 60k, 120k




In the agreement, UE support 60kHz SCS is optional in Rel-15. It is obviously contradictory with the agreement in [2], therefore, it should be clarified and made a consistent agreement in RAN4.

As the sourcing company of this WF, our understanding is this agreement was made with the support of eMBB service in mind. However, for URLLC, 60kHz is not decided yet whether UE should be mandated to support 60kHz [2]. 
We do need to make sure the use case of URLCC be supported by UE, which has implication of the support of 60kHz SCS. This contribution discusses the importance of 60kHz for URLLC and eMBB.
2 Discussion
2.1 URLLC support and performance
Firstly, NR is expected to support all three major services, namely eMBB, URLLC, and mMTC in order to meet its challenges of connecting not just people and things, but being able to support all kinds of verticals. While it remains to be decided how to evolve LTE NB-IoT/MTC to meet the requirements of mMTC, it has been clearly understood that R15 NR needs to support both eMBB and URLLC. 

It is agreed in RAN1 meetings that FDM and/or TDM of mixed numerologies is supported, with the understanding that different numerologies are mainly needed to support different services, e.g. eMBB and URLLC, which have different QoS requirements. Otherwise, the need of TDM or FDM mixed numerology will be greatly reduced.
Observation 1: Both eMBB and URLLC will be supported in R15.
Numerology for URLLC was discussed in RAN1 in previous meetings [3~5] and continues to be discussed in this meeting [6]. It was discussed 60 kHz 7-symbol mini-slot is preferred to meet latency and reliability requirement for URLLC transmission. Furthermore, it can be observed that from link level simulation results that in order to reach 10-5 BLER, the required SNR for 60 kHz 7-symbol is lower than that for 30 kHz for both 2-symbol and 7-symbol. The reason that 60 kHz outperforms 30 kHz significantly is that more transmission opportunities in 1ms are available for a packet transmitted in case of 60 kHz. For 60 kHz 2-symbol and 7-symbol, the maximum number of HARQ transmissions of a packet is 6 and 2, while for 30 kHz 2-symbol and 7-symbol, the maximum number of HARQ transmission is 3 and 1. Considering the fact that the URLLC KPI would also need to be met at cell edge where low SNR can be observed, it is preferable to configure 60 kHz SCS for URLLC UE so that adequate transmission opportunities can be realized to meet URLLC KPI.
Observation 2: Higher SNR is required for 30 kHz 2-symbol and 7-symbol to meet URLLC KPI when compared with 60 kHz 2-symbol and 7-symbol which can be critical for operation of cell-edge URLLC UE.
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Figure 1
Performance comparison between 30 kHz 2-symbol and 60 kHz 2-symbol
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Figure 2
Performance comparisons between 30 kHz 7-symbol and 60 kHz 7-symbol

Table 1
Link level simulation assumptions

	Bandwidth
	20MHz

	Subcarrier space
	30 kHz，60 kHz

	URLLC TTI
	2 symbol, 7symbol

	Rank
	1

	Tx/Rx
	2X2

	Channel Model
	TDL-C 300ns

	Max HARQ
	30 kHz: 3(2os) and 1(7os)
60 kHz: 6(2os) and 2(7os)

	URLLC data rate
	1 packet/TTI

	URLLC data size
	QPSK 32byte 1/3 code rate

	AMC
	OFF


Based on analysis in [5], on average, 60kHz SCS 2OS and 4OS can satisfy 0.5ms one-way latency, while 30kHz SCS 2OS and 4OS may not satisfy 0.5ms one-way latency in TDD structure. Only 60kHz 2OS can satisfy the 0.5ms one-way latency requirement considering worst case/maximum alignment delay. When SS block pattern is considered, 60kHz SCS can satisfy 0.5ms one-way latency while 30kHz SCS cannot.
2.2 eMBB performance in high speed scenarios
For a given carrier frequency and speed, large Doppler spread will break the orthogonality between the subcarriers. Configuring a larger enough subcarrier spacing for a UE can combat the ICI introduced by large Doppler spread. High speed scenario is supported in NR which is consistent user experience with very high mobility. For the high speed scenario in sub 6 GHz, 15 kHz, 30 kHz and 60 kHz can be used. In this section, high speed with different MCS is evaluated across the multiple subcarrier spacing; detailed link level simulation assumption can be found in Appendix A. Simulation results are illustrated in Figure 3. It can be seen that the higher Doppler spread, the channel is more sensitive to the Doppler spread, 60 kHz has similar performance with 30 kHz in low MCS and 60 kHz has obvious better performance than 30 kHz in high MCS.

[image: image7.png]Throughput(Mbps)

fc=3.5GHz, TDL-A DS=100ns, 64QAM 0.75, v=500km/h

13

T
30kHz

60kHz NCP
60kHz ECP

10 15 20 25 30 35
SNR(dB)



  [image: image8.png]Throughput(Mbps)

fe=3.5GHz, TDL-A DS=300ns, 64QAM 0.75, v=500km/h

13

30kHz
60kHz NCP
60kHz ECP

20 25 30 35
SNR(dB)




	[image: image9.png]Throughput(Mbps)

fc=3.5GHz, TDL-A DS=10ns, 16QAM 0.5, v=500km/h

30kHz
60kHz NCP

i
5 10 15 20
SNR(dB)




	[image: image10.png]Throughput(Mbps)

1

fc=3.5GHz, TDL-A DS=10ns, 64QAM 0.66, v=500km/h

30kHz
60kHz NCP

20

SNR(dB)

25

30

35




	[image: image11.png]Throughput(Mbps)

fc=3.5GHz, TDL-A DS=10ns, 64QAM 0.8, v=500km/h

13

12

T
30kHz
60kHz NCP

1

10

20 25 30 35
SNR(dB)






Figure 3 High speed performances across multiple SCSs

Observation 3: 60 kHz has obvious better performance than 30 kHz in high MCS for eMBB high speed scenarios
2.3 URLLC and eMBB multiplexing
NR may support diverse kinds of traffic in a common carrier with same or different numerology, e.g., eMBB and URLLC have different KPI requirements and URLLC requires much shorter latency than eMBB. To satisfy the URLLC latency, shorter transmission interval can be adopted by 60KHz SCS in a separate BW part than eMBB which may use smaller SCS such as 30 kHz. If there are resources available, it is beneficial that eMBB traffic can be opportunistically scheduled in 60kHz partition. The gNB scheduling and system performance are improved if any UE (including ones that do not themselves support URLLC) can be scheduled in the 60kHz partition.
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2.4 UE implementation
Furthermore, in our understanding support of sub-carrier spacing is baseband processing capability. Therefore, it should be perfectly ok for a UE that can support 60kHz for mmWave to support it in 1G-6GHz. From this perspective, it makes sense to mandate the support of 60kHz SCS for 1GHz~6GHz. 
Observation 4: 60 kHz support will not increase UE implementation complexity.
3 Conclusion

Observation 1: Both eMBB and URLLC will be supported in R15.

Observation 2: Higher SNR is required for 30 kHz 2-symbol and 7-symbol to meet URLLC KPI when compared with 60 kHz 2-symbol and 7-symbol which can be critical for operation of cell-edge URLLC UE.

Observation 3: 60 kHz has obvious better performance than 30 kHz in high MCS for eMBB high speed scenarios.
Observation 4: 60 kHz support will not increase UE implementation complexity.
Based on the above analysis covering different aspects, it is proposed:

Proposal: Support of 60 kHz SCS is mandatory for 1GHz-6GHz.
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Appendix A

Table 5 Simulation assumption eMBB performance

	Parameters
	Value

	Carrier frequency
	3.5GHz

	System bandwidth
	20MHz

	UE bandwidth
	2880kHz

	Control overhead
	0%

	Tx mode
	1T1R

	MCS
	64QAM: 0.66, 0.75, 0.8 for 30 kHz and 60 kHz NCP

16QAM: 0.5 for 30 kHz and 60 kHz NCP

	channel model
	TDL in TR 38.900

	UE speed
	500km/h

	Channel estimation
	Ideal
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