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1.  Introduction 

In RAN1 #92 meeting, scenarios for evaluations on NR-U are discussed and several agreements are made to build consensus on the evaluation methodology. Among the agreed scenarios, we believe that the indoor scenario is the most common scenario for unlicensed band operation. In this contribution, we provide our view on NR-U simulation methodology with focus on the indoor scenario.

2.  Discussion
2.1 Network topology for indoor scenario
Agreement (RAN1 #92):
· 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.

Agreement (RAN1 #92):
· 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
According to the above agreements, RAN1 have agreed to evaluate the indoor scenario, and the indoor scenario with sub-7 GHz band is prioritized. In addition, RAN1 also agreed 3 candidate network topologies for the indoor scenario. In order to make progress and determine the final topology for indoor scenario in next RAN1 meeting, we would like to discuss the 3 options in this section.
For option 1 and 2, they both adopted the indoor hotspot topology in TR 38.802, and the only difference is the density of the gNB. Option 1 directly reuses the setting in NR evaluation, i.e., deployed 12 gNBs in a 120m by 50m office as illustrated in Figure 1. In this option, the gNBs are expected to be able to hear each other, and thus it may not be easy to observe the hidden node problem in this layout. However, this option is a proper layout for evaluations on beamformed transmission/LBT. Whether beamformed transmission/LBT can improve the efficiency of unlicensed operation should be evaluated in such densely deployed topology.
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Figure 1: Indoor office layout in NR evaluations from TR 38.901 [2]
On the other hand, option 2 reduces the gNB density to half of the density of option 1, and hence the hidden node problem can be observed in this topology with higher probability. In addition, this topology is also a proper choice for evaluations on beamformed transmission/LBT. It is known that the beamformed transmission would compress the energy in a smaller angular coverage, and hence the number of affected devices can be further reduced. Whether beamformed transmission/LBT can help to relieve the hidden node problem or not should be evaluated in the option 2 topology.
In terms of option 3, the most significant difference between it and option 1, 2 is the wall between areas in the indoor office. The wall introduces additional penetration loss to the connections between devices in different areas, and the effect equals to the one caused by increasing the distance between devices. In other words, the wall raised the probability of hidden node problem. However, the adoption of the wall significantly decreases the interference from cells in different areas. As a result, this may level down the severity of the hidden node problem and give optimistic evaluation results.
In conclusion, the network topology from TR 38.802 does provide better flexibility and coverage on concerned issues. And among option 1 and option 2, option 2 outperforms option 1 by providing capability on evaluating hidden node problem. As a result, if only one network topology can be selected for indoor scenario, option 2 should be supported.
Proposal 1: NR-U supports option 2 as the network topology of indoor scenario.

2.2 Beamformed transmission/LBT in sub-7GHz band
In Rel-15 NR, beam management is one of the main innovations when comparison is made between NR and LTE systems. In the design of NR system, multi-beam operation is not excluded in sub-7 GHz bands. In other words, analog beam management is considered not only in the high frequency bands, but also in sub-7 GHz bands. For the study item of NR-U, it is sensible to consider and study the benefit of beam management to the access of unlicensed spectrum in all frequency bands. 
As an initial assessment, we use the system level simulation to evaluate the difference between omni-transmission/LBT and beamformed-transmission/LBT. Since the final topology for NR-U evaluations is not determined yet, here we use the topology adopted for LTE LAA indoor scenario as illustrated in Figure 2. All 8 BSs are LAA BSs, and they are equally spaced instead of random placement as in the figure.
In this evaluation, each TXRU is connected to 4 antenna elements for both BS side and UE side. All transmissions/receptions/LBT are done with the selected analog beam at both sides. Since the UEs are assumed to be with low mobility, the training of the analog beam is done at the start of the simulation, and the selected beam pair is then applied for the whole simulation. The detailed evaluation assumptions can be found in Table 1 in the appendix.
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Figure 2: Indoor office layout in LAA from TR 36.889 [1]
In this evaluation, we collect the statistics of the “channel busy” event in the CCA state. When both the BS and the UE have packet in the buffer to transmit, the device enters CCA state and starts to sense the channel. If the device finds the channel occupied in a TTI, the counter of channel busy event is increased by 1. Figure 3 shows the evaluation result on channel busy events. It is observed that with beamformed transmission and LBT, the detected channel busy event can be significantly reduced to around 1/10 and ¼ for DL and UL respectively. Though the result doesn’t completely equal to UPT improvement, it still shows the huge potential to improve the system by reusing the channel in spatial domain.
[image: image3.png]oney 1UaA3 ASng puuey)

oney 1UaA3 ASng puuey)




Figure 3: Evaluation results on channel busy event detected in CCA state. The channel busy event (CBE) ratio is defined as (Number of CBE detected in beamformed case) / (Number of CBE detected in omni case)
In conclusion, from the evaluation, it is obvious that beamformed transmission/LBT significantly reduces the number of channel busy event and hence has the potential to improve the system efficiency. Further study on beamformed transmission/LBT is needed to improve the performance of the NR-U system.
Proposal 2: Study the benefit of beamformed transmission/LBT in the NR-U system for frequency bands lower than 7 GHz.
Considering operation in 5 GHz band, a 4 by 2 antenna array with half lambda spacing occupies an area of about 10 cm by 4 cm, which is a reasonable size for NR-U gNBs. The antenna configuration (M, N, P) at gNB side can be set to (2, 4, 2) as a starting point. For UE side, due to the limitation on the size of UE, the antenna configuration (M, N, P) can be set to (1, 2, 2) as a starting point for the study of beamformed transmission/LBT.
Proposal 3: For evaluations on beamformed transmission/LBT in sub-7GHz band, support antenna configuration (M, N, P) = (2, 4, 2) at gNB side and antenna configuration (M, N, P) = (1, 2, 2) at UE side.
3. Conclusion

In summary, based on the above discussion we have the following proposals:
Proposal 1: NR-U supports option 2 as the network topology of indoor scenario.
Proposal 2: Study the benefit of beamformed transmission/LBT in the NR-U system for frequency bands lower than 7 GHz.
Proposal 3: For evaluations on beamformed transmission/LBT in sub-7GHz band, support antenna configuration (M, N, P) = (2, 4, 2) at gNB side and antenna configuration (M, N, P) = (1, 2, 2) at UE side.
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5. Appendix

Table 1: Evaluation assumptions for the system level simulation of beamformed transmission/LBT
	Parameters
	Values

	Carrier frequency
	5 GHz

	Bandwidth
	20 MHz

	Channel model
	Indoor -Office in TR38.901

	BS antenna configuration
	(M, N, P) = (1, 4, 2) 

(dV,dH) = (0.5, 0.5) λ 

Θ = 180 (Attached to the ceiling, face down to the ground)
2 TXRUs at BS side

	UE antenna configuration
	(M, N, P) = (1, 4, 1) 
(dV,dH) = (0.5, 0.5) λ 
1 TXRU at UE side

	BS antenna pattern
	The same as Table A.2.1-6 in TR 38.802

	UE antenna pattern
	Omni-directional

	Number of BS
	Operator 1: 4 BSs, Operator 2: 4 BSs
All 8 BSs are equally spaced

	Number of UE
	10 UEs for each operator

	UE velocity
	3 km/hr

	Traffic model
	FTP model 3, traffic arrival rate ratio UL:DL = 1:4
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