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Introduction
There is an approved Study Item on Self Evaluation towards IMT-2020 submission in the RAN#75 meeting, which mainly focuses on evaluated RAN technologies based on Rel-15 and beyond to satisfy all ITU-R IMT-2020 requirements including eMBB scenario.
At RAN#77 meeting, the general work plan of self evaluation is approved [1]. Moreover, “[ITU-R AH 01] Calibration for self-evaluation” [2] has been set up for discussion on calibration and collection of calibration results. It is observed that the calibration results are well aligned according to the results collected so far for InH_x, UMa_x and RMa_x in all IMT-2020 defined test environments.
Moreover, in this contribution, some considerations on evaluation details will be shown for both eMBB and mMTC usage scenarios.
eMBB Usage Scenario
Firstly, with regard to configurations of system level simulation, in RAN1#92, antenna pattern, including antenna elements and port, should be reported by each company [3]; While, some typical antenna configurations, in the industry area, can be considered in our evaluation results of NR.
Table 2-1
	Parameter
	Value

	Test environment
	Indoor Hotspot – eMBB
Configuration A (4GHz)
	Dense Urban – eMBB
Configuration A (4GHz)
	Rural – eMBB
Configuration A/C (700MHz)
	Rural – eMBB
Configuration B (4GHz)

	TDD frame structure
	Each company reports their frame structure for evaluated TDD spectrum efficiency.

	Subcarrier spacing
	30 kHz

	Duplexing type
	TDD

	Number of antenna elements per TRxP
	32Tx cross-polarized antenna
	192Tx cross-polarized antenna
	64Tx cross-polarized antenna
	192Tx cross-polarized antenna

	
	(M,N,P,Mg,Ng) = (4,4,2,1,1)
	(M,N,P,Mg,Ng) = (12,8,2,1,1)
	(M,N,P,Mg,Ng) = (8,4,2,1,1)
	(M,N,P,Mg,Ng) = (12,8,2,1,1)

	Number of TXRU per TRxP
	32TXRU
	64TXRU: Vertical 4-to-12
	8TXRU Vertical 1-to-8
	64TXRU: Vertical 4-to-12

	
	
	
	
	


Observation1: some typical TRxP configuration can be evaluated in 3GPP self-evaluation.
Secondly, about overhead, number port of DMRS was discussed in offline discussion RAN1#93; meanwhile, in email discussion, some companies also report their opinions on number of DMRS ports, such as dynamic or certain fixed number(maximum number), depending on different design of system level platform. Moreover, it is obviously found that DMRS is one of the main parameters to influence overhead and system performance; and a maximum number, as the worst overhead, will negatively influence system performance.
Therefore, it is possible to find a closely number of DMRS ports with actual SLS. Then, a statistic for number of applying DMRS port can be found by SLS, as well as, a reasonable average number can be used for calculated DMRS’s overhead. Finally, based on Table 2-1, same configurations are applied to simulate for obtaining statistic data; and then the average number can be found from Table 2-2.
Table 2-2
	Test Environment
	Configuration
	Average number of DMRS ports

	Indoor hotspot-eMBB
	4GHz with 30kHz
	5.79

	Dense Urban-eMBB
	4GHz with 30kHz
	6.17

	Rural-eMBB
	700MHz with 30kHz
ISD=1732m
	4.15

	
	4GHz with 30kHz
ISD=1732m
	4.79


Observation2: Based on simulation, Average number of DMRS ports can be applied for calculated overhead for average spectrum efficiency and 5th percentile user spectrum efficiency, as one of possible ways.
mMTC Usage Scenario
Firstly, On the one hand, Connection density is the one of key minimum technology performance requirements defined by ITU-R. Moreover, its value, evaluation configuration and methodologies also been description in both ITU-R reports [3]
In the 3GPP side, LTE-A Pro has considered some potential technologies to meet ITU’s requirement, such as NB-IoT and eMTC. Moreover, in RAN 79#, some related IoT conclusions have been approved [4]:
· No NR based solution will be studied or specified for the LPWA use cases
· LPWA use cases will continue to be addressed by evolving LTE-M(eMTC) and NB-IoT 
By contrast, NR also studies some possible technologies in the mMTC usage scenario, which are included in 38.802. The capability of NR to meet the mMTC requirement DOES NOT necessarily come from introduction of NR mMTC in current step; but evaluated connection density of NR could take advantage of the fancy design of NR, such as mini slot, bandwidth part and so on.
Proposal1: Evaluated connection density in LTE mMTC can consider, at least, NB-IoT and eMTC.
Proposal2: Some general technical features for evaluated connection density in NR mMTC can be shown in Table 3-1.
Secondly, with regard to evaluation methodology of connection density in the ITU’s related report, there are two possible ways, included:
· Option1: Non-full buffer system-level simulation;
· Option2: Full-buffer system-level simulation followed by link-level simulation.
From our understanding, these two candidate evaluation methodologies are same priority. 
[bookmark: _Ref510606111]Table 3-1 General technical features for mMTC
	General features
	FR1 

	NR
	OMA, UL transmission with configured grant, Paired spectrum: FDD

	LTE
	NB-IoT(Single tone case), Paired spectrum: FDD

	
	eMTC, Paired spectrum: FDD


Observation3: Both two ITU defined evaluation methodologies of connection density can be freely applied for 3GPP self-evaluation toward IMT-2020.
Full-buffer system-level simulation followed by link-level simulation
Based on ITU defined methodologies, output of each step is shown from Table 3-2, which does not consider the case about UE multiplexing, while with ISD=1732m and 1 message/2 hours/device, as typical values, are chosen. The reason, why choosing such ISD and Inter-packet arrival time, is that these larger ISD and dense Inter-packet arrival time are more challenge parameters for evaluated mMTC usage scenario. It is notable that these referenced outputs can be applied for both NR and LTE’s evaluation.
Table 3-2
	Step
	ITU-R related description
	Output

	1
	Perform full-buffer system-level simulation using the evaluation parameters for Urban Macro-mMTC test environment, determine the uplink SINRi for each percentile i=1…99 of the distribution over users, and record the average allocated user bandwidth Wuser.
	By system level simulation: SINRi , i=1…99 of the CDF distribution over user, is obtained.

	2
	Perform link-level simulation and determine the achievable user data rate Ri for the recoded SINRi and Wuser values.
	By link level simulation:
SINRi -> Ri, i=1…99 of the CDF distribution over users, is saved.

	3
	Calculate the packet transmission delay of a user as Di = S/Ri, where S is the packet size.
	Di = (32×8)/Ri, i=1…99 of the CDF distribution over users
Packet size=32bytes

	4
	Calculate the traffic generated per user as T = S/Tinter-arrival, where Tinter-arrival is the inter‑packet arrival time.
	T = S/Tinter-arrival=256 bits/(2×60×60)s
Note: 1 message/2 hours/device is applied

	5
	Calculate the long-term frequency resource requested under SINRi as Bi = T/(Ri/Wuser).
	Bi = T/(Ri/Wuser) , i=1…99 of the CDF distribution over users
Wuser= W, is simulation bandwidth in LLS

	6
	Calculate the number of supported connections per TRxP, N = W / mean(Bi). W is the simulation bandwidth. The mean of Bi may be taken over the best 99% of the SINRi conditions.
	N = W / mean(Bi)
= W / [T W /mean(Ri)]
= mean(Ri)/ T, i=1…99 of the CDF distribution over users

	7
	Calculate the connection density as C = N / A, where the TRxP area A is calculated as A = ISD2 × sqrt(3)/6, and ISD is the inter-site distance.
	C = N / [ISD2 × sqrt(3)/6]
=[mean(Ri)/ T] / [ISD2 × sqrt(3)/6]
with ISD=1732m and  T = 256 bits/(2×60×60)s
then C≈32.48×mean(Ri) , i=1…99 of the CDF distribution over users


Observation4: Based on ITU defined full-buffer system-level simulation followed by link-level simulation, output of each step can be found in Table 3-2.
Non-full buffer system-level simulation
A. NB-IoT in LTE
In RAN1#93, the summary [5] describes a possible procedure of LTE NB-IoT for non-full buffer system level simulation for connection density. In the contribution, we try to describe some our simulation detail for NB-IoT
Firstly, some initial access procedures of NB-IoT for evaluation will be discussed.
Step1: Sync (NPSS, NSSS) + PBCH (MIB)
[bookmark: _GoBack]Based on [6][7] in last RAN1 meeting, procedures of NPSS, NSSS and NPBCH should be considered; as well as their delay should be considered in the connection density evaluation. Therefore, some considerations can be found below:
i. NPSS
Repetition time of PSS information, as calculating NPSS delay, was modeled by obtaining DL Geometry, which can be found in Figure 3-1.
Figure 3-1
[image: PSS Repetition Times]
ii. NSSS and MIB
In our simulation platform, the delay of NSSS/ NPBCH depends on Coverage Enhancement (CE) levels. More specific, the Repetition Times of NSSS/MIB will reference the UE dropped into geography location with certain CE level, rather than based on SINR distribution. The advantage is more simplify; and reduced complexity in simulation. Specific repetition times of between NSSS and MIB, in each CE level, can be observed from Table 3-3.
On the other hand, how to difference each CE level is determined by obtained RSRP [8] ; so their related RSRP threshold values also be show in below table.

Table 3-3
	Repetition Times
	CE Level 0 
(RSRP>= -112dBm)
	CE Level 1
(RSRP [-122, -112)dBm)
	CE Level 2 
(RSRP<-122dBm)

	NSSS 
	1
	2
	3

	MIB
	8
	8
	64



Step 2: PRACH Msg1
In [7], an example configuration of NPRACH resource has been mentioned; while, in the contribution, additional possible configuration can be considered for NB-IoT connection density, which can be seen in Table3-4. The difference between Config1 and Config2 is how to allocate time-frequency resource for NPRACH. More specifically, Config1 of NPRACH shares the same frequency resource for all three CE levels [7]; while Config2 shares the same time resource, then CE levels are classified in the frequency domain.     
Table 3-4 NPRACH configurations for each CE level
	Coverage Enhancement level
	Repetition times of NPRACH transmission
	Transmission Duration 
	Periodicity
	NPRACH start time
	NPDCCH period TPDCCH

	
	Config1
	Config2
	Config1
	Config2
	Config1
	Config2
	Config1
	Config2
	

	CE Level 0
	1
	2
	5.6ms
	11.2ms
	320ms
	40ms
	16ms
	8ms
	16ms

	CE Level 1
	8
	8
	44.8ms
	44.8ms
	1280ms
	80ms
	32ms
	32ms
	16ms

	CE Level 2
	32
	32
	179.2ms
	179.2ms
	2560ms
	1280ms
	128ms
	8ms
	128ms

	Note
	NPRACH Config 1
(Based on frequency domain)
	CEL0,12 subcarriers,ScOffset:n12
CEL1,12 subcarriers,ScOffset:n24
CEL2,12 subcarriers,ScOffset:n36 
3.75kHz sub-carrier spacing for PRACH
Back off window Twindow=512ms
RAR = 10*pp, pp=16ms

	
	NPRACH Config 2
(Based on time domain)
	CEL0,24 subcarriers,ScOffset:n24
CEL1,24 subcarriers,ScOffset:n24
CEL2,24subcarriers,ScOffset:n24 
3.75kHz sub-carrier spacing for PRACH
Back off window Twindow=512ms
RAR = 2*pp, pp=16ms



B. NR
For evaluated NR in mMTC, currently we can mainly focus on normal coverage to avoid the overlap with the extreme coverage scenario to be addressed in LTE. This can be reflected in the simulation assumptions in Annex. The NR connection density performance can be considered as config-grant PUSCH and Repetition. MMSE-IRC receiver can be the assumption for NR performance. In our simulation, although only data transmission procedures are modeled, only 1s packet dropped timer is picked, which means there are enough access time, approximately 9s, as simulation assumption. Therefore, Initial Connection density results of NR can be seen in Table 3-5. From the evaluated results, the required bandwidth is at least about 3MHz, because 2 hours arrival interval is enough comfortable for uplink scheduled in NR.  
Table 3-5 Initial Connection density results of NR
	
	Packet Dropping Rate
	UE Num Per RB
	UE Num Per RB per km^2
	Connection density

	Configuration-B Urban Macro-mMTC test environment
	0.0003
	50000
	50000/0.866
	at least 3MHz (18-20RB) bandwidth


Observation5: NR can meet Connection Density in Urban Marco-mMTC test environment by non-full buffer system-level simulation.
Conclusion
In this document, we provide our considerations on evaluated detail towards IMT-2020 submission. 
Observation1: some typical TRxP configuration can be evaluated in 3GPP self-evaluation.
Observation2: Based on simulation, Average number of DMRS ports can be applied for calculated overhead for average spectrum efficiency and 5th percentile user spectrum efficiency.
Observation3: Both two ITU defined evaluation methodologies of connection density can be freely applied for 3GPP self-evaluation toward IMT-2020.
Observation4: Based on ITU defined full-buffer system-level simulation followed by link-level simulation, output of each step can be found in Table 3-2.
Observation5: NR can meet Connection Density in Urban Marco-mMTC test environment by non-full buffer system-level simulation.
Proposal1: Evaluated connection density in LTE mMTC can consider, at least, NB-IoT and eMTC.
Proposal2: Some general technical features for evaluated connection density in NR mMTC can be shown in Table 3-1.
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Appendix 
Table-A Non-full buffer system level configuration parameters for NR Connection Density  
	Urban Macro - mMTC
	Config. B

	Carrier frequency for evaluation
	700 MHz

	BS antenna height
	25 m

	UE power class
	23 dBm

	Percentage of high loss and low loss building type
	20% high loss, 80% low loss  ( only applies to Channel model B)

	Inter-site distance
	1732 m

	Number of antenna elements per TRxP
	16 Tx/Rx, (M,N,P,Mg,Ng) (8,1,2,1,1), 
(dH,dV)  (N/A, 0.8)λ; +45°, -45° polarization

	Number of TXRU per TRxP
	2TXRU, (Mp,Np,P,Mg,Ng) (1,1,2,1,1)

	Number of UE antenna elements
	1Tx/Rx; 0° polarization

	Number of TXRU per UE
	1TXRU

	Device deployment
	80% indoor, 20% outdoor;
Randomly and uniformly distributed over the area

	UE speeds of interest
	3 km/h for indoor and outdoor

	Inter-site interference modeling
	Explicitly modelled

	BS noise figure
	5 dB

	UE noise figure
	7 dB

	BS antenna element gain
	8 dBi

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	Non-full buffer: With layer 2 PDU (Protocol Data Unit) message size of 32 bytes: 1 message/2 hours/device; Packet arrival follows Poisson arrival process.
Higher layer payload: 20~200 bytes Pareto distribution

	UE antenna height
	1.5 m

	Channel model variant
	UMa_a

	TRxP number per site
	3

	Mechanic tilt
	90° in GCS (pointing to horizontal direction)

	Electronic tilt
	93° in LCS

	TRxP boresight
	30 / 150 / 270 degrees

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Wrapping around method
	Geographical distance based wrapping

	Minimum distance of TRxP and UE
	d2D_min=10m

	UE power control
	P0 = -110, alpha = 1

	HARQ/repetition
	no HARQ combination

	BS receiver
	MMSE-IRC receiver

	Repetition
	Support

	Packet drop timer
	1s
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