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Introduction
It is agreed in RAN1 meetings that FDM and/or TDM of mixed numerologies is supported. The following are also agreed. 
 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 
Agreement:
· 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
This paper discusses numerology for URLLC and application of different numerologies for coexistence of eMBB and URLLC. In particular, how eMBB and URLLC traffic can coexist in resources configured for 60 kHz and the CORESET region configuration for URLLC in coexist region.
[bookmark: _Ref129681832]Numerology for URLLC
In [1] and [2], it was discussed why 60kHz 7-symbol slot is preferred to meet latency and reliability requirement for URLLC transmission. We propose that for data transmission, 60kHz SCS should be chosen as default for URLLC transmission. 
We further provide link level simulation results comparing the performance of 60kHz and 30kHz with the same number of symbols. For evaluation purpose, we assume 2-symbol and 7-symbol TTI for both 60kHz and 30kHz. The key simulation assumptions are listed in Table 1. From the results, it can be observed that in order to reach 10-5 BLER, the required SNR for 60kHz is lower than that for 30kHz for both 2-symbol and 7-symbol. For both cases, the URLLC packet size is 32 byte with 1/3 code rate. The reason that 60kHz outperforms 30kHz significantly is that more transmission opportunities in 1ms are available for a packet transmitted in case of 60kHz. For 60kHz 2-symbol and 7-symbol, the maximum number of HARQ transmissions of a packet is 6 and 2, while for 30kHz 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 60kHz SCS for URLLC UE so that adequate transmission opportunities can be realized to meet URLLC KPI.
Observation 1: 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.
Proposal 1: 60 kHz SCS should be adopted as the default SCS for URLLC transmission.
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Figure 1:	Performance comparison between 30kHz 2-symbol and 60kHz 2-symbol
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Figure 2:	Performance comparison between 30kHz 7-symbol and 60kHz 7-symbol

Table 1	Link level simulation assumptions
	Bandwidth
	20MHz

	Subcarrier space
	30kHz，60kHz

	URLLC TTI
	2 symbol, 7symbol

	Rank
	1

	Tx/Rx
	2X2

	Channel Model
	TDL-C 300ns

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

	URLLC data rate
	1 packet/TTI

	URLLC data size
	QPSK 32byte 1/3 code rate

	AMC
	OFF



Mixed numerology for eMBB and URLLC 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 using larger SCS in a separate BW part than eMBB which may use smaller SCS such as 15kHz. If both eMBB and URLLC traffic are scheduled in shared time-frequency region, the BW parts configured for eMBB and URLLC UEs can be potentially overlapped.
Overlapping BW parts
BW parts of different UEs can be configured in an overlapping manner. During resources assignment, gNB ensures orthogonally of resources allocation, cf. Figure 3. The overlapping part can be assigned dynamically. In an example, UE 1 monitors control more frequently than UE 2, in particular, monitoring period is two times longer for UE 2 than UE 1. In Figure 3a, in the first interval, UE 1 PDCCH is not received. NW assigns overlapping resources to UE 2. When in the second interval, UE 1 PDCCH is received, NW pre-empts part of the overlapping resource from UE 2 and assigns it to UE 1. In Figure 3b, it is assumed that pre-emption is not supported. As the overlapping part is not the entire BW, it would be beneficial for the preemption indication design to consider the overlapping BW parts. 
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Figure 3: Overlapping portion is assigned dynamically which may or may not cause pre-emption of resources of another transmission
Observation2: Configured BW parts for eMBB and URLLC UEs can overlap for both UL and DL.
When mini-slot based URLLC is used, a larger BW part is needed to have sufficient resource to meet the reliability requirement within low latency. So the BW part of URLLC UE should be allowed to cross multiple BW parts of the eMBB UEs configured with same or different numerologies.  It is also noted that the numerology of URLLC UE and the numerology of overlapping eMBB UE can be different. The control regions of URLLC UE and the overlapping eMBB UE are also different. In order to avoid preempting eMBB UE’s control region, URLLC UE’s control region in this multiple numerology case can be changed according to the control region of the eMBB UE, as illustrated in Figure 4.
Proposal 2: BW part of URLLC can overlap across at least one eMBB BW part with different numerologies.
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Figure 4: BW part of URLLC can overlap across at least one of eMBB BW parts

Coexistence region
In Figure 5, FDM of numerologies is exploited to configure resources for eMBB and URLLC transmission. In particular, slot-based transmission is adopted. URLLC slot spans 0.125ms based on 60kHz whereas eMBB transmission used 15kHz slot of 7 symbols. eMBB traffic can be scheduled with same granularity, e.g., slot, which will not require pre-emption. On the other hand, eMBB traffic can be scheduled over a longer interval, e.g., by aggregating multiple 0.125ms slots, which may experience pre-emption by URLLC traffic. For TDD, 60kHz based resources can be adopted cf. Figure 5.
        
             [image: ]
Figure 5: eMBB only region and co-existence region
BW part configured with different numerologies can be used for transmission of eMBB and URLLC traffic. BW part configured with 60 kHz SCS is shown to contain both URLLC and eMBB traffic. BW part configured with 15 kHz SCS is used for scheduling eMBB traffic only. 
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                                             Figure 6: TDD structure with 60kHz SCS

Scheduling eMBB traffic in Coexistence Region
If eMBB traffic is scheduled in coexistence region employing 60 kHz, it may employ slot aggregation, cf. Figure 7. One or more sub-sequent slots in the aggregation can be pre-empted by URLLC traffic. Aggregated sub-sequent slot may or may not contain DMRS. The symbol containing DMRS in a slot may be protected from URLLC transmission. If the URLLC traffic arrives in the slot where the UE monitors PDCCH, slot aggregation may start from next slot.   
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                                      Figure 7: eMBB traffic slot aggregated in coexistence region
Proposal 3: NR supports dynamic indication of number of aggregated slots and starting position of aggregation.

Coexistence with same/different CP overhead
 ECP use with 60 kHz has been agreed. eMBB and URLLC traffic can be scheduled with different CP overhead in different duration, cf. Figure 8.
                                 
                        [image: ]
                               Figure 8: Coexistence with NCP an ECP at different durations.
In particular, if eMBB traffic is slot-based and/or scheduled by slot aggregation, URLLC traffic can pre-empt one eMBB slot where URLLC transmission may use a different CP overhead, cf. Figure 9. An ECP slot has one less symbol than NCP slot of same sub-carrier spacing. As seen in Figure 9, ECP and NCP transmission align at the slot boundary of the same sub-carrier spacing or at the slot boundary of the smaller sub-carrier spacing.
                                        [image: ]
Figure 9:  eMBB slotted traffic can be pre-empted by URLLC traffic with same or a numerology with larger SCS with same or different CP overhead. 
Proposal 4: FDM of ECP/NCP slot(s) of URLLC traffic and slot of eMBB traffic is supported, where URLLC traffic may employ same or larger SCS than eMBB.    

Conclusion
In this contribution, we provide our views on mixed numerology coexistence in a carrier. We have the following observations and proposals.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: 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 2: Configured BW parts for eMBB and URLLC UEs can overlap for both UL and DL.
Proposal 1: 60 kHz SCS should be adopted as the default SCS for URLLC transmission.
Proposal 2: BW part of URLLC can overlap across at least one eMBB BW part with different numerologies.
Proposal 3: NR supports dynamic indication of number of aggregated slots and starting position of aggregation.
Proposal 4: FDM of ECP/NCP slot(s) of URLLC traffic and slot of eMBB traffic is supported, where URLLC traffic may employ same or larger SCS than eMBB.     
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