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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Agreements were reached on multiplexing different numerologies within a same NR carrier bandwidth at RAN1 #85:  
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
In this paper, we discuss the FDM multiplexing approach for efficiently supporting the co-existence cases of multiple services, deployment scenarios, LTE/NR within a same NR carrier. With multiplexing different numerologies within a same carrier, subframe and symbol boundaries alignment between different numerologies are discussed for numerology design. In particular, FDM multiplexing for eMBB and URLLC co-existence is discussed. 
[bookmark: _Ref456967468]Multiplexing different numerologies
To efficiently support the diverse services and deployment scenarios defined for NR in [1], different numerologies could be multiplexed within a same NR carrier bandwidth as agreed in RAN1 #85 and analyzed in [4]. Operators may need to deploy LTE and NR in adjacent spectrum or even in the same spectrum band with different numerologies [5][6] to support diverse services. In view of the above observations, three co-existence cases are summarized below which are based on multiplexing of different numerologies within a same NR carrier, i.e. multiple-service co-existence, mixed-scenario co-existence, and LTE/NR co-existence. Multiplexing different numerologies efficiently support all these three co-existence cases. 
[bookmark: _Ref458155176]Table 1 Summarized co-existence cases in NR
	
	Co-existence case
	Co-existence examples

	Case 1
	Multiple-service co-existence
	· eMBB, mMTC, URLLC and broadcast services

	Case 2
	Mixed-scenario co-existence
	· Low speed and high speed
· SFN model and non-SFN model

	Case 3
	LTE/NR co-existence
	· LTE and NR



FDM and TDM are candidates for multiplexing different numerologies. Although TDM is always a scheduling choice, TDM might not be always guarantee to meet NR KPIs [1] for all services. FDM multiplexing is preferred for the above three co-existence cases due to the following advantages:
· Good forward compatibility, e.g. a further introduced service may be supported in a dedicated frequency portion different from the legacy service.
· Easy to support services with different latency requirements. With reserved FDM multiplexing resource, a service can be assigned a portion of the reserved resource and suitable numerology based on latency requirement.
· Efficiently support services with different traffic model, packet size and bandwidth requirement, e.g. FDM between eMBMS service and non-eMBB service. It is especially relevant considering that broader system bandwidth may be defined for NR.
· Allow NR to implement frequency ICIC. 
· Energy saving can still be allowed by turning off some TTIs

Examples of supporting the three abovementioned co-existence cases by FDM multiplexing different numerologies are illustrated in Figure 1. For multiple-service co-existence as in Figure 1(a), FDM multiplexing typically allocates a service-specific numerology in the service-specific frequency portion. For mixed-scenario co-existence as in Figure 1(b), FDM multiplexing typically allocates a scenario-specific numerology in the scenario -specific frequency portion. For LTE/NR co-existence as in Figure 1(c), FDM multiplexing typically allocates an LTE numerology in a frequency portion and one or more NR numerologies in different frequency portion(s). 
[image: D:\工作\2016\5G SI contribution planning for numerology and frame structure\0823\contribution\FDM vs TDM\1.png]
(a) Multiple services co-existence
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  (b)   Mixed-scenario co-existence
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[bookmark: _Ref446689764](c) LTE and NR co-existence 
[bookmark: _Ref456805229]Figure 1 Multiplexing different numerologies

Proposal 1:  FDM multiplexing different numerologies should be supported for NR.
Boundaries alignment
When multiplexing different numerologies within a same carrier, for 15kHz family, subframe boundaries alignment without symbol boundaries alignment will need to be supported by NR due to the following:
· Symbols boundaries cannot be aligned with different CP types. 
To efficiently support diverse services and deployment scenarios, different CP types with different CP overhead, i.e. NCP and ECP, should be supported by NR as described in the companion paper [7]. It is hard to align the symbol boundaries within different CP types given the substantial difference in the CP overhead as illustrated in Figure 2.
· Symbol boundaries alignment results in a variable subframe length. This will increase complexity of scheduling timing and implementation. The UL/DL/GP configuration and resource utilization are the same for subframe and symbol boundaries alignment design with self-contained subframe such as illustrated in Figure 3.
[image: D:\工作\2016\5G SI contribution planning for numerology and frame structure\0823\contribution\FDM vs TDM\5.png]
[bookmark: _Ref458152052]Figure 2 Symbol boundaries of different CP types cannot be aligned
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[bookmark: _Ref458767529]Figure 3 DL/UL/GP configuration comparison between subframe and symbol boundaries alignment

Proposal 2:  Subframe boundaries alignment with uniform subframe length should be supported.
eMBB and URLLC co-existence
Base on the advantages of FDM multiplexing listed in section 2, eMBB and URLLC could be FDM multiplexed within a same carrier with same or different subcarrier spacing. For eMBB, different numerologies can be selected based on the scenario, such as carrier frequency, UE speed, ISD and the transmission mode, such as single site and SFN [1]. For URLLC with 0.5 ms latency and 1-10-5 reliability requirements[1], larger subcarrier spacing with shorter symbol duration is preferred to obtain lower latency [9]. 
Example of eMBB and URLLC co-existence by FDM multiplexing is illustrated in Figure 5.  URLLC service can be scheduled as soon as it arrives. The bandwidth of URLLC could be configurable. When there is no URLLC traffic, the reserved resource for URLLC can be allocated for other service, such as eMBB. 
  [image: D:\工作\2016\5G SI contribution planning for numerology and frame structure\0823\contribution\FDM vs TDM\4.png]
[bookmark: _Ref457808514]Figure 5 FDM multiplexing different numerologies for eMBB and URLLC

Observation 1: FDM of different numerologies allows multiplexing of eMBB and URLLC services without scheduling conflicts.

Conclusion
Proposal 1:  Multiplexing different numerologies with FDM should be supported for NR.
Proposal 2:  Subframe boundaries alignment with uniform subframe length should be supported.
Observation 1: FDM of different numerologies allows multiplexing of eMBB and URLLC services without scheduling conflicts.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref167612671]References
[bookmark: _Ref446337549][bookmark: _Ref446340775][bookmark: _Ref456015513]3GPP, TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”
[bookmark: _Ref456802837]3GPP R1-165484, “WF for high speed train scenario at 30GHz”, Mitsubishi Electric, ETRI 
[bookmark: _Ref456802839]3GPP R1-165576, “WF on evaluaton assumptions for high speed train scenario”, CMCC, CATT, Huawei, CATR, China Unicom, ZTE.
[bookmark: _Ref458536556]3GPP, R1-164030, “Evaluation of scalable numerology proposals”, Huawei, HiSilicon.
[bookmark: _Ref456803842]3GPP R1-162156, “Scenario & design criteria on flexible numerologies”, Huawei, HiSilicon.
[bookmark: _Ref446494005][bookmark: _Ref456802552]3GPP, RP-160583, “Proposed Objective and Requirements on Dynamic Co-Existence of LTE and Next Generation RAT”, AT&T.
[bookmark: _Ref456097152]3GPP, R1-166100, “Evaluation on CP types for NR”, Huawei, HiSilicon.
[bookmark: _Ref456854801][bookmark: _Ref458763963]3GPP R1-164031, “Analysis and comparison on numerology candidates”, Huawei, HiSilicon.
[bookmark: _Ref458536396]3GPP, R1-164692, “Numerology and TTI multiplexing for NR Forward Compatibility Analysis”, Qualcomm Incorporated

image3.png
LAY ey
A O soscomer





image4.png
fA Symbol boundaries of different CP types cannot be aligned

| Subframe

NCP

ECP

ECP NCP Symbol
I:'symbol Dsymbol E@ce l:lwithout CP




image5.png
>

- Subframe boundaries

- alignment

- Symbol boundaries

- alignment

>

0.25ms

- Subframe boundaries

- alignment

- Symbol boundaries

|
|
|
|
T

- alignment

I DL with long CP [ ] DL with short CP

[] Ggp 7 uL




image6.png
eMBB

\ EEEEEE

Configurab,
bandwidth Z

T T Vg T
URLLC URLLC URLLC URLLC URLLC URLLC
I [ [ scheduling unit ] Dynamic allocated

resource for eMBB




image1.png
Configurable
e

Configurable
subcarrier spacing





image2.png
High UE speed needs larger subcarrier

spacing than low/medium UE speed '

Multi site transmission with longer
delay spread needs longer CP length
than Single site transmission

High UE
Speed

Low UE
speed

SFN
transmission

.NCP .ECP

Symbol with
larger SC

Symbol with
lower SC

>
t




