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1 Introduction

In RAN1 #92 meeting, there was a discussion on simulation methodology for NR-U operation and the following agreements were made:

Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 

· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)

· NR-U SCell may have both DL and UL, or DL-only.

· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· Stand-alone NR-U

· An NR cell with DL in unlicensed band and UL in licensed band

· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)

Agreement:
· 5GCM in 38.802 is used for NR-U simulation evaluation

· NR-unlicensed simulation evaluation considers the following scenarios

· Indoor sub-7GHz, 2 operators

· Outdoor Sub-7 GHz, 2 operators

· Indoor mmW, 2 Operators

· Outdoor mmW, 2 operators

· Stadium scenario for sub-7GHz, 2 operators, can be optionally considered by interested companies.

· Note: RAN1 prioritizes the simulation for sub-7 GHz band. It does not preclude evaluation for above 7 GHz.

· Deployment scenarios to simulate

· CA between NR licensed cell and NR unlicensed cell

· DC (with LTE and with NR)

· SA

· An NR cell with DL in unlicensed band and UL in licensed band
· Note: A single set of evaluations may be applicable to multiple scenarios

· Note: Only unlicensed cell(s) is simulated.

· Note: The licensed cell may not be explicitly modeled in the simulation. Necessary assumptions regarding the presence of the licensed carriers can be made and provided. 

· Coexistence with other networks (e.g. WiFi, LAA LTE, NR-U)

· When coexistence with WiFi is evaluated, only consider deployed WiFi systems (e.g. 11ac for 5 GHz)

· Fairness criterion for coexistence with 11ax can be further discussed at plenary level

· The coexistence evaluation applies to 5GHz band (11ac) and 60GHz (11ad)

· From SID: NR-based operation in unlicensed spectrum should not impact deployed WiFi services (data, video and voice services) more than an additional WiFi network on the same carrier
· For sub-7 GHz bands, coexistence simulations will be performed using technology neutral assumptions (e.g. channel access mechanism) at an arbitrary carrier frequency in 5GHz band for application to bands other than 5GHz which may become available subject to regulations

· Note: The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands

Agreement: The following network topologies are included in the evaluations:

· Indoor sub7GHz, choose one of the following options

· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)

· Option 3: Based on IEEE indoor enterprise model with modifications

· Outdoor sub7GHz

· NR dense urban scenario with two layers, but only consider the micro layer

· Randomly drop one micro layer per operator

· Indoor mmW

· Reuse indoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

· Outdoor mmW

· Reuse outdoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

Based on the above agreements, this document discusses the remaining issues about simulation scenarios and assumptions for NR-U, also provides the preliminary evaluation results for sub-7GHz indoor scenarios.
2 Simulation scenarios and assumptions
2.1 Simulation scenarios
It has been agreed that deployments scenarios including CA between NR and NR-U (NR/NR-U CA), DC between LTE and NR-U (LTE/NR-U DC), DC between NR and NR-U (NR/NR-U DC), standalone NR-U (SA), and NR with DL in unlicensed band and UL in licensed band (DL NR-U/UL NR-L) should all be supported in this study item. However, from the perspective of system level simulation (SLS), all the scenarios can be divided into two classes depending on whether PUCCH transmission suffers from uncertainty of LBT or not. For example, in NR/NR-U CA and DL NR-U/UL NR-L cases, since all the uplink control signals are carried in licensed band, they could be classified into one category, and the rest could fall into another category.
Observation 1: In the system level simulation of NR-U, the deployment scenarios can be categorized depending on whether L1 uplink control signaling are modeled in unlicensed band. Reduced number of simulation cases can be considered.
2.2 Carrier bandwidth

In LTE LAA, component carrier with 20MHz bandwidth is comprehensively evaluated. Carrier aggregation is adopted when transmitter hope to transmit larger bandwidth than one CC. In NR Rel-15, the maximum carrier bandwidth is 100MHz for sub 6GHz and 400MHz for above 6GHz. Given the benefits of single wideband operation discussed in our companion contribution [1], NR-U operating with single wideband carrier should also be evaluated. For example, the candidate NR-U carrier bandwidth can be 40MHz or 80MHz to facilitate coexistence with WiFi. Meanwhile, considering some incumbent systems are operating with narrow carrier bandwidth, e.g. 20MHz, the impact of narrow band interference should also be taken into account. 
Proposal 1: NR-U with larger carrier bandwidth than 20MHz, e.g. 80MHz, should be evaluated.
2.3 UE-to-UE channel model
In LAA, ITU InH is used for small cell-to-small cell case, and for small cell-to-UE case, while for indoor UE-to-indoor UE case, the channel model in 3GPP TR 36.843 (D2D) [2] is used. In NR, the UE-to-UE channel model has also been discussed for the flexible duplex evaluation. Basically, as presented in TR 38.802 [3] Table A.2.1-11, the channel model in 3GPP TR 36.843 is used for below 6GHz cases, and 5GCM is adopted for above 6GHz cases.
In RAN1#92 meeting, it has been agreed that 5GCM in 38.802 is used for NR-U simulation evaluation, which implies that 5GCM should be used for both sub-7GHz and above 7GHz cases. Naturally, the same logic that using single channel model or both sub-7GHz and above 7GHz could apply to the decision of UE-to-UE channel model, and 5GCM in 38.802 could be used. 
Proposal 2: 5GCM in 38.802 should be used for UE-to-UE channel model in NR-U for both sub-7GHz and above 7GHz.
2.4 Hidden node issues for sub-7GHz indoor scenario

During the offline discussion of RAN1#92 meeting, it has been agreed that the RSSI distribution should be taken into consideration for NR-U evaluation, and the network topology for NR-U evaluations should  reflect the hidden node issues of real deployment scenario. In this section, the typical layout for indoor hotspot in 38.802 is used to evaluate the RSSI distribution. 
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Figure 1. Layout for indoor hotspot 
The CDFs for RSSI at UE from BS and received power at BS from BS are provided in Figure 2. In this simulation, both links between UE and the associated BS and links between UE and the un-associated BSs are calculated, and the total transmission power for BS is 18dBm with 5dB antenna gain. 
It is observed that even in the scenarios without walls, almost 30% links have RSSI below -72dBm.
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  (a) Point to point RSSI at UE from BS                      (b) Point to point RSSI at BS from BS
Figure 2. CDF for received power 
Observation 2: In the indoor hotspot topology without wall defined in TR38.802, there are almost 30% links with RSSI not higher than -72dBm in 5GHz carrier frequency. 

Proposal 3: For sub-7GHz indoor scenario, there is no need to model wall loss and the layout for indoor hotspot topology in 38.802 should be reused by allocating half of the gNBs to each operator (6+6).
2.5 Detail NR-U simulation assumptions
The detail simulation assumptions are proposed in the following tables.
Table 1: Summary of simulation assumptions for indoor scenario
	Parameters 
	Assumptions

	Layout for LAA and standalone deployment
	Indoor floor: 12 BSs per 120m x 50m

BS mounting on the ceiling, two operators deploy 6 BSs each in a single-floor building. The horizontal distance between two nodes from two operators is random. 
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	Inter-BS distance
	20m

	UE distribution
	100% Indoor, 3km/h,

10 users per BS

	Carrier frequency
	5GHz or 60GHz

	Carrier bandwidth
	5GHz: 1x20MHz CC, 1x80MHz CC, 4x20MHz CC
60GHz: [2.16 GHz] CC

	Channel model
	5GHz: InH model in 36.873 or in 38.901
60GHz: InH model in 38.901

	Max. allowed BS Tx power
	5GHz: 18dBm
60GHz: [11]dBm assuming [256] transmit antennas

	Max. allowed UE Tx Power
	5GHz: 18dBm
60GHz: [21]dBm assuming [32] transmit antennas

	BS antenna configurations
	See 38.802 Table A.2.1-4

	UE antenna configuration
	See 38.802 Table A.2.1-4

	BS antenna height
	3m
	

	UE antenna height
	1.5m
	

	BS receiver noise figure

	5GHz: 5dB
60GHz: 7dB
	

	UE receiver noise figure
	5GHz: 9dB
60GHz: 13dB (baseline performance), 10dB (high performance)

	BS antenna gain + connector loss

	5GHz: 5dBi

60GHz: See 38.802 Table A.2.1-4

	UE antenna gain

	5GHz: 0dBi

60GHz: See 38.802 Table A.2.1-4

	BS antenna array configuration
	5GHz: (M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), Dh = Dv = 0.5 λ
60GHz: (M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), Dh = Dv = 0.5 λ

	UE antenna array configuration
	5GHz: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), Dh = Dv = 0.5 λ
60GHz: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ

	MCOT
	5GHz: 8ms or 10ms

60GHz: 2ms or 4ms 

	Traffic model 
	FTP3 with packet size of 0.5Mbyts. 
Low, median, high traffic load are needed.

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption

	Realistic

	Channel estimation
	Realistic

	Traffic type
	DL only, UL only, Mixed DL/UL

	Metric
	UPT Statistics


For the outdoor scenario, the dense urban case is preferred. Evaluation assumptions are presented in the following table:

Table 2: Summary of simulation assumptions for outdoor scenario
	Parameters 
	Assumptions

	Layout for LAA and standalone deployment
	Micro layer: Random drop (All micro BSs are all outdoor)
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	Inter-Macro BS distance
	5GHz: 200m for LAA and standalone deployments
60GHz: [100m] for LAA deployment only

	Minimum distance between TRPs and UE cluster radius
	5GHz: See Table A.2.1-9 in 38.802

60GHz: See Table A.2.1-9 in 38.802 with a scale of [1/2]

	UE distribution
	100% outdoor with 3km/h
10 users per macro TRP

See Annex A.1.2 in 36.889 [5]
 

	Carrier bandwidth
	5GHz: 1x20MHz CC, 1x80MHz CC, 4x20MHz CC 
60GHz: [2.16GHz] CC

	Channel model
	5GHz: 3D UMi (Micro layer) in 36.873 or UMi-Street canyon (Micro layer) in 38.901
60GHz: UMi-Street canyon (Micro layer) in 38.901

	Max. allowed BS Tx power
	5GHz: 18dBm

60GHz: [11]dBm assuming [256] transmit antennas

	Max. allowed UE Tx Power
	5GHz: 18dBm

60GHz: [21]dBm assuming [32] transmit antennas

	BS antenna configurations
	See 38.802 Table A.2.1-4
	

	UE antenna configuration
	See 38.802 Table A.2.1-4
	

	BS receiver noise figure

	5GHz: 5dB

60GHz: 7dB
	

	UE receiver noise figure
	5GHz: 9dB

60GHz: 13dB (baseline performance), 10dB (high performance)

	BS antenna gain + connector loss
	5GHz: 5dBi

60GHz: See 38.802 Table A.2.1-4

	UE antenna gain

	5GHz: 0dBi

60GHz: See 38.802 Table A.2.1-4

	BS antenna array configuration
	5GHz: (M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ
60GHz: (M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna array configuration
	5GHz: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ
60GHz: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH = dV = 0.5 λ

	MCOT
	5GHz: 8ms or 10ms

60GHz: 2ms or 4ms

	Traffic model 
	FTP3 with packet size of 0.5Mbyts. 
Low, median, high traffic load are needed.

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption

	Realistic

	Channel estimation
	Realistic

	Traffic type
	DL only, UL only, Mixed DL/UL

	Metric
	UPT Statistics


3 Preliminary results and analyses  

In order to evaluate the co-existence performance with other incumbent systems, only CA based scenarios are considered in this section. 

To align with the progress in NR, transmission with various bandwidth values and multiple numerologies are taken into account. Besides, transmission with multiple starting points within per slot based on the LBT outcome is also evaluated in our simulations to show the benefits on increased channel access opportunities. All of the results are bases on the simulation assumptions listed in section 2.5.
3.1 Coexistence performance with WiFi
To show that NR-U could be a good neighbour to the incumbent systems deployed in unlicensed band, the coexistence performance of NR-U and WiFi (11ac) is firstly evaluated in this section, and the WiFi/WiFi coexistence is considered as the baseline. To guarantee that various numerologies introduced in NR are comprehensively evaluated and co-exist as good neighbor, both results with 15KHz SCS and 60KHz SCS are provided.
Figure 3 shows the average UPT performance for NR-U and WiFi coexistence. The bandwidth is 20MHz, traffic arrival rate 𝜆=0.05 representing light traffic load. CCA-ED for NRU is -72dBm, and CCA-ED=-62dBm, CCA-CS = -82dBm for WiFi. Both results of 15KHz SCS and 60KHz SCS is provided. It is observed that the performance of Wi-Fi is not degraded when the interferer is changed from Wi-Fi to NR-U, under different SCS conditions. Thus NR-U provides fair coexistence. 
Observation 3: NR-U could coexist in a friendly manner with WiFi.
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Figure 3. Average UPT(Mbps) performance for NR-U/WiFi coexistence
3.2 Evaluations for narrowband and wideband operation
Evaluations for narrowband operation
Mini-slot has been already supported as a shorter time-resource unit than slot in NR, and it is natural that NR-U should also support mini-slot based transmission since it could provide more channel access opportunities due to its finer time granularity. In this section, the performance for multiple starting points within a slot is evaluated. Transmissions starting at per 7OS boundary, per 2OS mini-slot boundary and per 1OS mini-slot boundary are taken into consideration. The transmission bandwidth is 20MHz and HARQ processing time conforms to latest RAN1 agreement. As shown in Figure 4, the above mentioned three schemes are represented by scheme a, scheme b and scheme c, respectively. The corresponding simulation results with 20MHz transmission bandwidth are provided in Figure 5.
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Figure 4. Illustration for transmission with multiple starting points within per slot
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Figure 5. Average UPT(Mbps) performance comparisons for flexible multiple points within per slot.
It can be observed that for narrow band operation, schemes with 15KHz SCS outperforms that with 60KHz SCS owing to its higher effective bandwidth. According to the agreements in RAN4, for 20MHz system bandwith with 15KHz SCS and 60KHz SCS, the maximum transmission bandwidths are 19.08MHz (106RB) and 17.28MHz(24RB), respectively. Furthermore, compared with scheme b(start from per 2OS mini-slot), scheme c (start from per 1OS mini-slot boundary) can only achieve marginal performance gain. However, for the latter one, UE is required to monitor DCI on each OFDM symbol. Therefore, the mini-slot based scheme can be supported at least for 15KHz SCS considering the UPT performance gain and UE complexity in 20MHz transmission. 
Observation 4: For narrowband operation, e.g. 20MHz bandwidth, 2OS mini-slot structure with 15KHz SCS could achieve a better balance between UPT performance gain and UE complexity.
Evaluations for wideband operation

The UPT performances of wideband operation with/without narrow band WiFi interference are evaluted here. In this simulation, traffic arrival rate 𝜆=0.8 for NR-U and traffic arrival rate 𝜆=0.2 for narrow band WiFi interference, others not mentioned are aligned with previous assumptions. For 60KHz SCS, single wideband carrier with 80MHz bandwidth is considered, while for 15KHz SCS, 4 CC each with 20MHz bandwidth under CA architecture is considered as 80MHz carrier bandwidth is not supported. Besiedes, when narrowband WiFi interference is considered, 6 APs with 20MHz operation bandwidth are randomly distributed on four possible 20MHz channels and bandwidth adaption is adopted in our simulation, e.g. NR-U will transmit only on 60MHz bandwidth when  one of 20MHz channels occupied by WIFI node. The simulation results are provided in Figure 6. 
[image: image9.png]240

220

200

180

16

o

14

o

12

o

100

7.3%

8.2%

15kHz

M scheme a

M scheme b

34.79 36:4% 36.6%

60kHz

W scheme ¢



 
(a) wideband NRU + wideband NRU co-existence 
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(b) wideband NRU + narrow band WIFI co-existence 
Figure 6.  Average UPT(Mbps) performance for wideband operation with/without WiFi.
It is observed that schemes with 60KHz SCS outperforms that with 15KHz SCS in both with and without narrow band WiFi interference cases. The reason is that while single wideband CC with 60KHz SCS has similar overhead of guard tones compared with 4 CC CA with 15KHz SCS, it benefits from reduced defer time and short round trip time in HARQ. However, further increasing channel access opportunities by enabling starting from any symbol brings only marginal gain.
Furthermore, it can be found that the performance gain shrinks when coexisting with narrowband WiFi interference.  The more resource occupied by narrowband WiFi, the less gain wideband transmission can achieve. Due to bandwidth adaptation, gNB configured with single wideband carrier cannot always transmit 80MHz bursts. When transmission bandwidth less than 80MHz is adopted, e.g. a continuous of 40MHz for single wideband and 20+20MHz for CA, the aggregated spectrum utilization of 60KHz SCS (36.72MHz) is smaller than that of 15KHz SCS (38.16MHz) , which leads to shrinking gain. If spectrum utilization ratio for actually transmitted bandwidth smaller than 80MHz could be similar as that of 80MHz, the gain of 60KHz SCS will remain unchanged even with narrowband interference.
Observation 5: For wideband operation, 60KHz SCS can help to improve the NR-U performance as compared to 15KHz SCS due to reduced defer time and short round trip time in HARQ. Further increasing starting points brings marginal gain.

4 Conclusion
In this contribution, we discussed the simulation scenarios and assumptions for NR-U evaluation. Based on the discussion, we have the following observation and proposals: 
Observation 1: In the system level simulation of NR-U, the deployment scenarios can be categorized depending on whether L1 uplink control signaling are modeled in unlicensed band. Reduced number of simulation cases can be considered.
Observation 2: In the indoor hotspot topology without wall defined in TR38.802, there are almost 30% links with RSSI not higher than -72dBm in 5GHz carrier frequency. 

Observation 3: NR-U could coexist in a friendly manner with WiFi.
Observation 4: For narrowband operation, e.g. 20MHz bandwidth, 2OS mini-slot structure with 15KHz SCS could achieve a better balance between UPT performance gain and UE complexity.

Observation 5: For wideband operation, 60KHz SCS can help to improve the NR-U performance as compared to 15KHz SCS due to reduced defer time and short round trip time in HARQ. Further increasing starting points brings marginal gain.

Proposal 1: NR-U with larger carrier bandwidth than 20MHz, e.g. 80MHz, should be evaluated.
Proposal 2: 5GCM in 38.802 should be used for UE-to-UE channel model in NR-U for both sub-7GHz and above 7GHz.
Proposal 3: For sub-7GHz indoor scenario, there is no need to model wall loss and the layout for indoor hotspot topology in 38.802 should be reused by allocating half of the gNBs to each operator (6+6).
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