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1	Introduction
[bookmark: _In-sequence_SDU_delivery]During RAN1#93 [1] the following agreement was made: 

Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
In this contribution, we provide our view on considering 802.11a preamble as a candidate signal for those use cases, including evaluations of coexistence.
This is a revision of R1-1813462 in which we provide simulation results for Outdoor Scenario 1 that were not available at the time of the contribution deadline.
2		Coexistence 
In this section, we quantify coexistence gains due to the 802.11a preamble, if any, in both an NR-U+NR-U coexistence scenario as well as in a Wi-Fi+NR-U coexistence scenario. In these scenarios, the 802.11a preamble is both transmitted and received by NR-U devices (gNBs and UEs), and the same dual threshold  scheme as Wi-Fi is used (PD = -82dBm, ED = -62dBm).
Based on the agreed simulation assumptions in Tables 1-2 in [2], we set up two evaluation scenarios to study potential coexistence gains due to the 802.11a preamble. In one scenario a Wi-Fi network coexists with an NRU network, and in the second scenario an NR-U network coexists with another NR-U network. The arrival intensities are selected such that the mean buffer occupancies (BO) of NR-U in the baseline setup (NR-U using ED threshold of -72dBm coexisting with Wi-Fi) are 10%, 35%, and 60%, corresponding to the cases of low, medium, and high load, respectively. 
2.1		NR-U Outdoor Scenario 1
NR-U Outdoor Scenario 1 has been identified as an outdoor hot-spot like scenario. Here, we evaluate the impact of introducing the 802.11a preamble on the system-level performance.
2.1.1		NR-U coexistence with NR-U 
	[image: ]	[image: ]
[bookmark: _Ref529519755]Figure 1: Outdoor performance in an NR-U+NR-U coexistence scenario. Two cases are considered: (1) Both NR-U networks do not use preamble (blue); and (2) Both networks use preamble (orange).
As shown in Figure 1, NR-U + NR-U coexistence becomes worse if the 802.11a preamble is used for NR-U. 
2.1.2		NR-U coexistence with Wi-Fi 
	[image: ]	[image: ]
[bookmark: _Ref529519885]Figure 2: Outdoor performance of NR-U in an NR_U+Wi-Fi coexistence scenario. Two cases are considered: (1) NR-U network does not use preamble (blue); and (2) NR-U network uses preamble (orange).
	[image: ]	[image: ]
[bookmark: _Ref529519889]Figure 3: Outdoor performance of Wi-Fi in an NR-U+Wi-Fi coexistence scenario. Two cases are considered: (1) NR-U network does not use preamble (blue); and (2) NR-U network uses preamble (orange). 
As shown in Figure 2 and Figure 3, generally both Wi-Fi and NR-U have a significant degradation in performance if NR-U uses an 802.11a preamble in a Wi-Fi + NR-U coexistence scenario, similar to what is observed in Figure 1 for the NR-U + NR-U coexistence scenario. The preamble transmission by NR-U degrades performance by using two thresholds. Furthermore, it reduces opportunities for spatial reuse, since both technologies defer to each other at -82 dBm. In summary the normal ED threshold (-72 dBm) in the outdoor scenario is beneficial for both technologies from a performance perspective. 
2.2		NR-U Indoor Scenario
2.2.1		NR-U coexistence with NR-U 
	[image: ]	[image: ]
[bookmark: _Hlk526519894]Figure 4: Indoor performance of NR-U in an NR-U+NR-U coexistence scenario. Two cases are considered: (1) Both NR-U networks do not use preamble (blue); and (2) Both networks use preamble (orange).
In an indoor NR-U+NR-U coexistence scenario, the same observations made previously for the outdoor environment apply. Even with a significant percentage of weak links, performance becomes worse in an NR-U+NR-U coexistence scenario if the 802.11a preamble is used. 
2.2.2		NR-U coexistence with Wi-Fi 
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[bookmark: _Ref526520659]Figure 5: Indoor performance of NR-U in an NR-U+Wi-Fi coexistence scenario. Three cases are considered: (1) NRU network uses ED = -72 dBm and no preamble (blue); (2) NRU network uses ED = -77 dBm and no preamble (orange); and (3) NR-U network uses preamble (green).
	[image: ]	[image: ]
[bookmark: _Ref526520663]Figure 6: Indoor performance of Wi-Fi in an NR-U+Wi-Fi coexistence scenario. Three cases are considered: (1) NRU network uses ED = -72 dBm and no preamble (blue); (2) NRU network uses ED = -77 dBm and no preamble (orange); and (3) NR-U network uses preamble (green).
Observing Figure 5 and Figure 6 for the indoor scenario, one can see that there can be a modest improvement in performance when NR-U transmits a preamble compared to the case of NR-U using ED only at a threshold of -72 dBm (compare green bars with blue). More importantly, however, if NR-U does not transmit a preamble but reduces the ED threshold from -72 dBm to -77 dBm, both NR-U and Wi-Fi performance exceeds the performance with the .11a preamble (compare orange bars with green). Table 1 shows the percentage improvement in user throughput of using ED only at a threshold of -77 dBm vs. using dual threshold with 802.11a preamble at medium and high loads (orange bars vs. green). Note that at low loads, the performance of both approaches is virtually identical. Clearly the gains can be significant at high load, on the order of 30% or more.
[bookmark: _Ref528700129][bookmark: _Hlk528875114]Table 1: Gain in mean user throughput of ED only at threshold -77 dBm vs. dual threshold with 802.11a preamble
	
	Medium Load
	High Load

	NR-U DL
	3.6%
	29% 

	NR-U UL
	3.8%
	33%

	Wi-Fi DL
	8.9%
	35%

	Wi-Fi UL
	7.4%
	31%



In practice, NR-U as a technology needs to be able to operate in a diverse range of environments. In some cases (e.g., indoor), it may be beneficial to lower the threshold while in others it may not (e.g., outdoor). It also depends on the coexisting technology. In a particular deployment, any technology may always adjust its ED threshold lower than the requirement by implementation (but never higher) if it chooses to do so, especially if it benefits that technology. Therefore, NR-U offers ample flexibility to optimize performance in different environments without introducing preambles, especially those from other technologies.
It is important to emphasize that the baseline NR-U channel access scheme based on energy detection (ED) already coexists well with Wi-Fi without introduction of an 802.11a preamble (see results in [2]), hence 802.11a preamble detection is by no means essential for achieving good coexistence.
[bookmark: _Toc525815564][bookmark: _Toc528950722][bookmark: _Toc521580666]NR-U networks in the unlicensed band can coexist well with Wi-Fi networks in both indoor and outdoor scenarios without the introduction of an 802.11a preamble.
[bookmark: _Toc528950723]Scenario dependent ED parameter adjustments for NR-U is a better way to further optimize performance, if needed, than the introduction of an 802.11a preamble.
3	UE Power Saving
It has been argued that reception of an 802.11a preamble at an NR-U UE (transmitted from either a Wi-Fi or an NR-U device) can reduce UE power consumption. The claim is that the UE may be able to defer from control channel (PDCCH) monitoring and/or sensing the medium during the transmission duration indicated by the SIGNAL field of the .11a preamble. Before this claim can be examined, a baseline must be established first to assess what power saving opportunities exist with existing NR-based signalling. Then, one can evaluate what potential additional power saving opportunities might be possible over and above the baseline.
3.1	Baseline UE Power Saving
Figure 7 illustrates the baseline PDCCH monitoring procedure illustrating power saving opportunities with UE reception of only NR-based signals/channels. We first point out that PDCCH monitoring occurs only during a connected mode DRX (C-DRX) ON duration. Hence, significant power saving opportunities are already available due to C-DRX. We further point out that power saving opportunities for a UE in a system based on scheduling such as NR (in contrast to a contention based system) should always be under the control of the gNB. In other words, the gNB should always know when it is able to reach the UE. C-DRX fulfils this property as the ON durations are configured by the gNB. Autonomous sleep or micro-sleep decisions made by a UE should not interfere with the time instances in which the gNB expects that the UE is monitoring the downlink control channel(s), i.e. PDCCH/GC-PDCCH. It is important to consider this basic principle for all power saving approaches, for both the baseline PDCCH monitoring procedure and the procedure potentially augmented with 802.11a preamble monitoring.
[image: ]
Figure 7: Baseline PDCCH monitoring procedure illustrating power saving opportunities
For the purposes of this discussion, it is assumed that the UE is configured with a CORESET containing a common search space (CSS) in which a GC-PDCCH may be transmitted in a broadcast manner carrying information on the COT structure (slot format), e.g., based on a potentially enhanced DCI Format 2_0. Within this CORESET, the UE is also configured with a UE specific search space (USS) in which a PDCCH may be transmitted carrying dedicated grants scheduling UL and/or DL transmissions to specific users. Within the CORESET, the UE is configured with a wideband DMRS that is known to all users for the purposes of DL Tx identification and (GC)-PDCCH demodulation/decoding. In general, other configurations supported in Rel-15 NR are possible, e.g., multiple CORESETs, non-wideband DMRS, etc.
Figure 7 illustrates a gNB acquired COT that occurs during the C-DRX ON duration. The ON duration is divided into 2 distinct phases. In Phase 1, the monitoring occasions for both GC-PDCCH and PDCCH are configured on a relatively frequent basis. The example in this diagram shows a monitoring periodicity of 2 OFDM symbols in order to take advantage of a fine granularity of channel access. Other periodicities are of course possible. In this diagram it is shown that once the gNB acquires the COT, it transmits the GC-PDCCH carrying COT structure information and continues to do so during the entire COT, albeit with different periodicity depending on Phase 1 or Phase 2.
Each UE correlates against the known wideband DMRS in the configured GC-PDCCH monitoring occasions, and once the wideband DMRS is detected it starts decoding GC-PDCCH to obtain COT structure info. At this point, the UE also starts blind decoding of PDCCH to obtain potential DL/UL scheduling grants. This is illustrated by the transition from dashed blue arrows to solid blue arrows in the above diagram. In this way, wideband DMRS detection serves as a low complexity method for the UE to identify when a DL burst starts (serving cell transmission burst acquisition as listed in the above RAN1 agreement). Frequent monitoring of both GC-PDCCH and PDCCH occurs up until the first slot boundary in the COT (end of Phase 1). During Phase 1, typically Type B PDSCH mapping (mini-slot scheduling) is used to facilitate fine channel access granularity.
In Phase 2, the UE attempts decoding of both GC-PDCCH and PDCCH with reduced frequency, e.g., once per slot, since after the first slot boundary, Type A PxSCH mapping (slot-based) can be used. Such reduced frequency PDCCH monitoring itself offers another power saving opportunity to the UE on top of that offered by C-DRX. Furthermore, depending on whether or not a UE has received an UL/DL scheduling grant within a COT, there may be additional sleep opportunities if the COT structure info obtained from GC-PDCCH explicitly or implicitly indicates that the UE may skip PDCCH monitoring for some number of slots. We emphasize that with the baseline procedure described here, at no point do the UEs sleep decisions interfere with the time instances at which the gNB expects the UE to be monitoring PDCCH. In other words, the UE is always reachable.
3.2	Analysis of UE Power Consumption with .11a Preamble Reception
It has been suggested that additional UE power saving may be obtained if the UE additionally monitors for an 802.11a preamble that could be transmitted from either an NR-U node or a Wi-Fi node, and the UE skips PDCCH monitoring based on the successful reception of a preamble. While skipping monitoring can ostensibly save power, it comes at an unacceptable cost as illustrated in Figure 8. The figure shows an example in which the UE monitors for the 802.11a preamble on top of the baseline PDCCH monitoring procedure described previously, where the red arrows indicate the 802.11a preamble monitoring instances. In this example we assume that the preamble is transmitted from a Wi-Fi node or a non-serving gNB or another UE in the 2nd slot of the UE’s ON duration. Further, we assume that the UE detects the preamble, but the serving gNB does not. Consequently, the serving gNB will not defer when it has DL data to transmit (see bottom part of Figure 8). In this example, we show the gNB acquires a COT in the 3rd slot of the UE’s ON duration for transmission of DL data and potentially UL data too.
Even though the UE has detected the 802.11a preamble, there is no way for it to know whether the DL burst is from from its serving gNB or from some other node from the preamble detection alone. Hence, we assume that the UE further attempts detection of the wideband DMRS for at least one GC-PDCCH monitoring occasion after it detects the 802.11a preamble. If no wideband DMRS is detected, then the UE assumes that a non-serving node (Wi-Fi or NR-U) transmitted the preamble.
[image: ]
Figure 8: PDCCH monitoring procedure with addition of 802.11a preamble monitoring. In this example, the .11a preamble is transmitted from a node other than the serving gNB and detected in the 2nd slot.
Compared to the baseline PDCCH monitoring procedure in Figure 7, we note that prior to detection of the 802.11a preamble, the preamble monitoring periodicity is 9 μs, which is quite frequent compared to the exemplary two symbol GC-PDCCH monitoring periodicity in Phase 1 shown in the figure (~70 μs @ 30 kHz SCS). This alone may significantly reduce or eliminate the claimed power saving benefit. Setting this aside for a moment, however, there are two cases to consider in relation to Figure 8:
(1) Preamble from a node other than the serving gNB is detected
· In this case the claimed procedure is that the UE would skip PDCCH monitoring for the time duration indicated in the SIGNAL field of the detected 802.11a preamble. It has been claimed that this would lead to an additional power saving benefit over-and-above the baseline PDCCH monitoring procedure.
· As stated above, it is debatable if any power saving is achieved due to the 9 μs 802.11a monitoring periodicity vs. the 70 μs wideband DMRS monitoring periodicity.  
· Moreover, skipping PDCCH monitoring comes at a severe cost. As shown in Figure 8, the UE will miss potential DL scheduling assignments from its serving gNB. If the UE hears the preamble from a non-serving device (Wi-Fi or gNB), it does not mean that the serving gNB can hear the preamble and should defer DL transmissions. The key problem with this behaviour is that the autonomous decisions by the UE to skip PDCCH monitoring is unknown to the serving gNB and violates the fundamental principle described previously that the gNB should always be able to reach the UE. 
(2) Preamble from  a node other than the serving gNB is missed
· In this case, the UE will continue to monitor for the 802.11a preamble on a 9 μs basis.
· In this case no power is saved at all and in fact the continuous monitoring of the preamble with a 9 μs monitoring periodicity causes additional power consumption over and above that in the baseline procedure.
· Since the UE will not even attempt to monitor GC-PDCCH or PDCCH, the UE will miss potential DL scheduling assignments from its serving gNB as shown in Figure 8, again with a negative impact on system performance. Our evaluations have shown that in the agreed indoor evaluation scenario [2], preambles are missed more than 60% of the time at high load in the reference Wi-Fi-Wi-Fi scenario, as shown in Figure 9.  
[image: C:\Users\ereekar\Desktop\Missed PD (002).png]
Figure 9: Ratio of missed preamble in indoor Wi-Fi+Wi-Fi coexistence scenario
One can also consider the scenario where the 802.11a preamble is transmitted from the serving gNB, in which case the preamble would occur just prior to the gNB acquired COT in the 3rd slot shown in Figure 8. Again there are two cases to consider as above. In the case where the UE detects the preamble, there is no power saving since the UE will determine that the preamble is from its serving gNB when it decodes the subsequent GC-PDCCH and potentially a PDCCH, hence it will not skip PDCCH monitoring. For the case of a missed preamble, again there is no power saving since the UE will continue to monitor continuously for preambles. More importantly, the UE will miss the entire DL burst since it will not begin GC-PDCCH or PDCCH monitoring unless the preamble is detected.
As demonstrated in this discussion, skipping PDCCH monitoring based on 802.11a preamble detection comes at a cost in system performance due to missing DL scheduling assignments from its serving eNB. Consequently, this results in a loss in spatial reuse. The key problem with this behaviour is that the autonomous decisions by the UE to skip PDCCH monitoring is unknown to the serving gNB and violates the fundamental principle described previously that the gNB should always be able to reach the UE.
Based on this discussion, we observe the following:
[bookmark: _Toc528950724]Adopting the 802.11a preamble does not guarantee additional power saving opportunities for NR-U over-and-above those achievable through NR-based signaling. Continuous usage and coordination of additional hardware contributes to additional power consumption on top of normal NR operations. 
4		Spatial reuse 
While NR-U is well equipped for operating at a frequency reuse factor of one, introducing the 802.11a preamble for NR-U would mean lower spatial reuse in all cases. The consequence is reduced performance in some environments, where such operation with a frequency reuse factor of one is desired, since detecting the preamble would require deferring at a lower threshold than -72dBm. 
[bookmark: _Toc528950725]Lower spatial reuse among NR-U nodes is expected in all scenarios if 802.11a preamble is used. 
5		DL burst identification 
In IEEE 802.11, if the preamble is missed, the whole transmission cannot be received. While, on the other hand, in NR-U, each slot can be self-contained, i.e. data and the corresponding control can occur in the same slot. Failure or reception of one slot, in most cases does not impact the reliability or reception of another slot. 
If NR-U uses the 802.11a preamble as a means to detect the start of the DL transmission, this will put NR-U at risk of missing the whole DL burst if the preamble is missed. It is worth noting, that detection of 802.11a preamble is less reliable than NR-based signalling, due to the required detection SINR.
It should also be noted that different UEs have different locations in which their C-DRX ON durations start. For any given UE, its ON duration can occur within an ongoing transmission burst by the gNB. In this case, such a UE will not be able to receive an 802.11 preamble prior to potentially receiving a PDCCH or GC-PDCCH unless preambles are inserted even in the middle of a transmission burst. This is inefficient and impractical, and creates even more overhead within an NR-U transmission burst. By counting on the preamble to detect the start of the DL transmission, one sacrifices one of NR-U’s advantages as compared to other technologies.
[bookmark: _Toc528950726]Use of the 802.11a preamble DL burst identification has significant disadvantages including a fundamental incompatibility with C-DRX operation.
6		Implementation Complexity and Specifications Impact
Adopting the 802.11a preamble will require additional hardware that enables reception and transmission of signals that NR does not support since the preamble signal is not compliant with the NR frame structure or with its numerologies, sample rates etc. 
Furthermore, supporting the preamble has implications for existing NR procedures. For example, it is not clear if preamble transmission is meaningful in case of frequency multiplexing with the use of a category 4 LBT procedure. Significant changes would be needed to ensure that different UEs are transmitting the same preamble. Even with such changes, the preamble transmissions from different UEs may only partially overlap in time and can cause interference to each other. 
Other problems will also appear if UEs are time multiplexed. If different UEs are time multiplexed, gaps should be introduced between consecutive transmission from different UEs. Since, the 802.11a preamble is not compliant with NR numerology, it does not perfectly fit in symbol duration. Puncturing symbols partially would be needed. This adds complications and requires additional signalling.  
According to the results we conclude the following:
[bookmark: _Toc525912418][bookmark: _Toc525936761][bookmark: _Toc528950727]Significant changes to existing NR procedures and signalling are expected if 802.11a preamble is adopted.
[bookmark: _Hlk525906066][bookmark: _Toc528950728]The use of a preamble can cause significant overhead and specification impact for the operation of key features of NR-U such as time and frequency multiplexing of uplink transmissions with a fine granularity and robust coverage. 
Given what we have discussed, we believe that the disadvantages of using an 802.11a preamble far outweigh any perceived benefits.
[bookmark: _Toc528950729]NR-U should not consider adoption of preambles of other technologies.
Conclusion
In the previous sections we made the following observations: 
Observation 1	NR-U networks in the unlicensed band can coexist well with Wi-Fi networks in both indoor and outdoor scenarios without the introduction of an 802.11a preamble.
Observation 2	Scenario dependent ED parameter adjustments for NR-U is a better way to further optimize performance, if needed, than the introduction of an 802.11a preamble.
Observation 3	Adopting the 802.11a preamble does not guarantee additional power saving opportunities for NR-U over-and-above those achievable through NR-based signaling. Continuous usage and coordination of additional hardware contributes to additional power consumption on top of normal NR operations.
Observation 4	Lower spatial reuse among NR-U nodes is expected in all scenarios if 802.11a preamble is used.
Observation 5	Use of the 802.11a preamble DL burst identification has significant disadvantages including a fundamental incompatibility with C-DRX operation.
Observation 6	Significant changes to existing NR procedures and signalling are expected if 802.11a preamble is adopted.
Observation 7	The use of a preamble can cause significant overhead and specification impact for the operation of key features of NR-U such as time and frequency multiplexing of uplink transmissions with a fine granularity and robust coverage.

Based on the discussion in the previous sections we propose the following:
Proposal 1	NR-U should not consider adoption of preambles of other technologies.
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Appendix
Table 2: Evaluation results of NR-U in an NR-U + NR-U coexistence in indoor scenario. Two cases are considered: (1) Both NR-U networks do not use preamble; and (2) Both networks use preamble.
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 10%~25%
	Medium load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 35%~50%
	High load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: above 55%

	
	
	NR-U in NR-U + NR-U, with NR-U uses ED = -72dBm

	NR-U in NR-U + NR-U, with NR-U uses preamble

	NR-U in NR-U + NR-U, with NR-U uses ED = -72dBm

	NR-U in NR-U + NR-U, with NR-U uses preamble

	NR-U in NR-U + NR-U, with NR-U uses ED = -72dBm

	NR-U in NR-U + NR-U, with NR-U uses preamble


	R1-1814021/ Ericsson
	DL: 
UPT CDF
[Mbps]
	5%
	44.72
	46.10
	40.77
	38.65
	28.79
	22.65

	
	
	50%
	104.01
	104.03
	94.40
	87.69
	71.68
	55.98

	
	
	95%
	127.37
	126.33
	121.38
	114.07
	102.22
	85.89

	
	
	Mean
	101.27
	101.07
	93.87
	87.55
	73.78
	59.19

	
	DL:
Delay CDF
[s]
	5%
	0.028
	0.029
	0.029
	0.052
	0.049
	0.099

	
	
	50%
	0.037
	0.042
	0.044
	0.197
	0.159
	0.646

	
	
	95%
	0.108
	0.131
	0.191
	0.873
	0.745
	2.776

	
	
	Mean
	0.055
	0.066
	0.077
	0.362
	0.299
	1.196

	
	UL:
UPT CDF
[Mbps]
	5%
	41.02
	40.77
	34.35
	32.20
	21.65
	16.60

	
	
	50%
	77.85
	78.55
	69.50
	64.79
	49.78
	38.63

	
	
	95%
	98.98
	98.53
	92.09
	87.37
	73.02
	61.64

	
	
	Mean
	78.01
	78.40
	70.34
	66.28
	51.78
	41.89

	
	UL:
Delay CDF
[s]
	5%
	0.036
	0.036
	0.040
	0.064
	0.082
	0.126

	
	
	50%
	0.053
	0.055
	0.070
	0.265
	0.305
	0.916

	
	
	95%
	0.132
	0.155
	0.213
	1.068
	1.281
	3.715

	
	
	Mean
	0.074
	0.080
	0.102
	0.487
	0.530
	1.570

	
	𝜌DL
	100%
	100%
	100%
	98%
	99%
	93%

	
	𝜌UL
	100%
	100%
	100%
	98%
	97%
	90%

	
	BO
	6.5%
	6.8%
	10.7%
	15.2%
	25%
	37.6%

	
	𝜆
	0.25 file/s
	0.36 file/s
	0.48 file/s

	
	
	Additional comments: 
Simulation setup: NR-U indoor scenario, NR-U+NR-U coexistence, 50/50 DL/UL traffics.
NR-U assumptions: Primary LBT: Cat-4 LBT with exponential CW back-off, MCOT duration: 6ms, Max modulation: 256 QAM, Antennas: 4 for BS and 2 for UE, BF scheme: Tx and Rx BF at BS, Maximal number of layers: 2 for DL and 2 for UL, single carrier with 20MHz BW, BS transmit power 20dBm, UE transmit power 18dBm, MMSE-IRC receiver, UE processing time capability #1, PUSCH mapping Type A, PDSCH mapping Type B, PDCCH monitoring every 1OS, Scheduling: proportional fair, self-scheduling. CW {min,max} DL{15,63} UL{15,1023}.



Table 3: Evaluation results of NR-U in an NR-U + Wi-Fi coexistence in indoor scenario. Three cases are considered: (1) NR-U uses ED = -72dBm; NR-U uses ED = -77dBm; and NR-U uses preamble.
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 10%~25%
	Medium load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 35%~50%
	High load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: above 55%

	
	
	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -77dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses preamble

	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -77dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses preamble

	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -77dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses preamble


	R1-1814021/ Ericsson
	DL: 
UPT CDF
[Mbps]
	5%
	37.93
	40.83
	43.46
	22.31
	29.57
	29.97
	7.77
	14.55
	10.87

	
	
	50%
	93.51
	95.18
	97.42
	57.82
	70.99
	68.70
	24.82
	40.29
	30.47

	
	
	95%
	120.76
	121.81
	122.11
	86.46
	102.10
	97.17
	48.64
	68.93
	54.55

	
	
	Mean
	92.96
	93.87
	96.01
	60.44
	73.38
	70.83
	28.72
	44.18
	34.22

	
	DL:
Delay CDF
[s]
	5%
	0.038
	0.028
	0.031
	0.121
	0.087
	0.060
	0.178
	0.100
	0.154

	
	
	50%
	0.126
	0.119
	0.129
	1.105
	0.498
	0.530
	1.911
	1.108
	1.603

	
	
	95%
	0.470
	0.446
	0.539
	4.212
	1.916
	2.730
	7.922
	4.527
	7.550

	
	
	Mean
	0.217
	0.212
	0.240
	1.856
	0.808
	1.037
	3.266
	1.937
	2.984

	
	UL:
UPT CDF
[Mbps]
	5%
	35.65
	39.05
	38.10
	18.70
	25.76
	23.10
	6.29
	10.84
	6.79

	
	
	50%
	70.55
	73.56
	73.38
	41.95
	52.63
	50.44
	16.86
	27.90
	20.41

	
	
	95%
	92.92
	93.58
	93.04
	65.06
	74.67
	73.10
	34.89
	49.33
	38.99

	
	
	Mean
	71.61
	73.82
	73.83
	44.69
	54.88
	52.85
	20.37
	31.26
	23.51

	
	UL:
Delay CDF
[s]
	5%
	0.039
	0.036
	0.039
	0.075
	0.059
	0.050
	0.156
	0.122
	0.197

	
	
	50%
	0.108
	0.153
	0.153
	0.942
	0.536
	0.540
	1.926
	1.011
	1.961

	
	
	95%
	0.586
	0.526
	0.670
	6.920
	2.621
	3.578
	11.836
	5.838
	9.880

	
	
	Mean
	0.231
	0.263
	0.324
	2.486
	1.041
	1.228
	4.362
	2.353
	3.797

	
	𝜌DL
	99%
	99%
	99%
	88%
	95%
	90%
	73%
	81%
	72%

	
	𝜌UL
	98%
	99%
	98%
	78%
	91%
	88%
	50%
	68%
	64%

	
	BO
	10%
	09%
	10%
	35%
	23%
	27%
	60%
	46%
	58%

	
	𝜆
	0.25 file/s
	0.36 file/s
	0.48 file/s

	
	
	Additional comments: 
Simulation setup: NR-U indoor scenario, 50/50 DL/UL traffics. 
Common assumptions: Primary LBT: Cat-4 LBT with exponential CW back-off, MCOT duration: 6ms, Max modulation: 256 QAM, Antennas: 4 for BS/AP and 2 for UE/STA, BF scheme: Tx and Rx BF at BS/AP, Maximal number of layers: 2 for DL and 2 for UL, single carrier with 20MHz BW, BS/AP transmit power 20dBm, UE/STA transmit power 18dBm, MMSE-IRC receiver. CW {min,max} DL{15,63} UL{15,1023}.
Wi-Fi assumptions: RTS/CTS disabled, ED/PD threshold -62/-82dBm, A-MPDU frame aggregation, MPDU size: 1500B MSDU plus 14B header, short Wi-Fi guard interval.
NR-U assumptions: SCS 30kHz, UE processing time capability #1, PUSCH mapping Type A, PDSCH mapping Type B, PDCCH monitoring every 1OS, Scheduling: proportional fair, self-scheduling. COT sharing enabled (gNB initiated COT).
















Table 4: Evaluation results of Wi-Fi in an NR-U + Wi-Fi coexistence in indoor scenario. Three cases are considered: (1) NR-U uses ED = -72dBm; NR-U uses ED = -77dBm; and NR-U uses preamble.
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 10%~25%
	Medium load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 35%~50%
	High load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: above 55%

	
	
	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -77dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses preamble

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -77dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses preamble

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -77dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses preamble


	R1-1814021/ Ericsson
	DL: 
UPT CDF
[Mbps]
	5%
	36.00
	36.99
	35.89
	21.37
	26.47
	24.58
	8.97
	14.08
	10.40

	
	
	50%
	78.53
	83.05
	82.75
	51.09
	67.01
	60.71
	25.08
	41.67
	29.13

	
	
	95%
	102.74
	104.15
	103.38
	80.38
	91.80
	85.20
	57.27
	71.88
	54.89

	
	
	Mean
	78.56
	81.13
	81.05
	54.61
	67.01
	61.56
	31.12
	44.93
	33.24

	
	DL:
Delay CDF
[s]
	5%
	0.036
	0.034
	0.037
	0.076
	0.046
	0.050
	0.094
	0.088
	0.086

	
	
	50%
	0.081
	0.069
	0.098
	0.670
	0.200
	0.589
	0.969
	0.570
	0.994

	
	
	95%
	0.477
	0.296
	0.634
	3.188
	1.064
	2.606
	6.670
	3.621
	6.885

	
	
	Mean
	0.176
	0.126
	0.224
	1.312
	0.416
	1.071
	2.388
	1.308
	2.487

	
	UL:
UPT CDF
[Mbps]
	5%
	39.30
	40.53
	39.01
	21.54
	29.15
	26.16
	7.62
	14.50
	10.67

	
	
	50%
	79.42
	83.43
	81.81
	50.43
	63.95
	60.45
	24.42
	38.09
	29.54

	
	
	95%
	100.50
	102.76
	101.66
	77.94
	90.60
	84.28
	56.90
	70.67
	56.14

	
	
	Mean
	79.00
	81.76
	81.12
	54.08
	66.07
	61.51
	31.42
	44.07
	33.57

	
	UL:
Delay CDF
[s]
	5%
	0.036
	0.034
	0.036
	0.058
	0.043
	0.051
	0.083
	0.063
	0.090

	
	
	50%
	0.077
	0.067
	0.081
	0.271
	0.149
	0.246
	0.432
	0.284
	0.491

	
	
	95%
	0.388
	0.286
	0.590
	2.639
	1.171
	1.849
	4.849
	2.642
	4.917

	
	
	Mean
	0.163
	0.128
	0.229
	0.888
	0.417
	0.700
	1.560
	0.984
	1.635

	
	𝜌DL
	99%
	100%
	99%
	93%
	97%
	92%
	80%
	91%
	75%

	
	𝜌UL
	100%
	100%
	99%
	95%
	99%
	96%
	89%
	94%
	87%

	
	BO
	11%
	8.7%
	9.6%
	34%
	21%
	28%
	59%
	43%
	57%

	
	𝜆
	0.25 file/s
	0.36 file/s
	0.48 file/s

	
	
	Additional comments: 
Simulation setup: NR-U indoor scenario, 50/50 DL/UL traffics. 
Common assumptions: Primary LBT: Cat-4 LBT with exponential CW back-off, MCOT duration: 6ms, Max modulation: 256 QAM, Antennas: 4 for BS/AP and 2 for UE/STA, BF scheme: Tx and Rx BF at BS/AP, Maximal number of layers: 2 for DL and 2 for UL, single carrier with 20MHz BW, BS/AP transmit power 20dBm, UE/STA transmit power 18dBm, MMSE-IRC receiver. CW {min,max} DL{15,63} UL{15,1023}.

Wi-Fi assumptions: RTS/CTS disabled, ED/PD threshold -62/-82dBm, A-MPDU frame aggregation, MPDU size: 1500B MSDU plus 14B header, short Wi-Fi guard interval.
NR-U assumptions: SCS 30kHz, UE processing time capability #1, PUSCH mapping Type A, PDSCH mapping Type B, PDCCH monitoring every 1OS, Scheduling: proportional fair, self-scheduling. COT sharing enabled (gNB initiated COT).
















Table 5: Evaluation results of NR-U in an NR-U + NR-U coexistence in outdoor scenario 1. Two cases are considered: (1) Both NR-U networks do not use preamble; and (2) Both networks use preamble.
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 10%~25%
	Medium load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 35%~50%
	High load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: above 55%

	
	
	NR-U in NR-U + NR-U, with NR-U uses ED = -72dBm

	NR-U in NR-U + NR-U, with NR-U uses preamble

	NR-U in NR-U + NR-U, with NR-U uses ED = -72dBm

	NR-U in NR-U + NR-U, with NR-U uses preamble

	NR-U in NR-U + NR-U, with NR-U uses ED = -72dBm

	NR-U in NR-U + NR-U, with NR-U uses preamble


	R1-1814021/ Ericsson
	DL: 
UPT CDF
[Mbps]
	5%
	38.85
	35.91
	31.86
	26.86
	25.32
	13.87

	
	
	50%
	93.10
	88.38
	81.68
	72.67
	71.41
	46.15

	
	
	95%
	120.45
	118.35
	116.42
	105.82
	109.36
	83.77

	
	
	Mean
	89.65
	85.97
	81.00
	71.29
	71.74
	48.95

	
	DL:
Delay CDF
[s]
	5%
	0.027
	0.028
	0.029
	0.034
	0.030
	0.046

	
	
	50%
	0.039
	0.042
	0.047
	0.064
	0.058
	0.201

	
	
	95%
	0.089
	0.102
	0.118
	0.276
	0.160
	1.441

	
	
	Mean
	0.048
	0.053
	0.059
	0.110
	0.076
	0.445

	
	UL:
UPT CDF
[Mbps]
	5%
	25.35
	24.11
	18.14
	15.20
	13.69
	6.94

	
	
	50%
	63.03
	59.33
	52.18
	45.47
	42.20
	26.70

	
	
	95%
	89.95
	85.51
	82.85
	73.39
	76.12
	55.42

	
	
	Mean
	62.61
	59.12
	52.81
	46.40
	44.45
	29.27

	
	UL:
Delay CDF
[s]
	5%
	0.037
	0.040
	0.042
	0.050
	0.045
	0.081

	
	
	50%
	0.063
	0.069
	0.083
	0.120
	0.111
	0.423

	
	
	95%
	0.140
	0.155
	0.214
	0.619
	0.310
	2.998

	
	
	Mean
	0.075
	0.082
	0.101
	0.217
	0.148
	0.880

	
	𝜌DL
	100%
	100%
	99.9%
	99.5%
	99.9%
	96.7%

	
	𝜌UL
	99.9%
	100%
	99.9%
	99.4%
	99.8%
	96.8%

	
	BO
	5.4%
	5.9%
	8.4%
	11.6%
	12.1%
	26.6%

	
	𝜆
	0.19 file/s
	0.24 file/s
	0.28 file/s

	
	
	Additional comments: 
Simulation setup: NR-U outdoor scenario 1, NR-U+NR-U coexistence, 50/50 DL/UL traffics. 
NR-U assumptions: Primary LBT: Cat-4 LBT with exponential CW back-off, MCOT duration: 6ms, Max modulation: 256 QAM, Antennas: 4 for BS and 2 for UE, BF scheme: Tx and Rx BF at BS, Maximal number of layers: 2 for DL and 2 for UL, single carrier with 20MHz BW, BS transmit power 20dBm, UE transmit power 18dBm, MMSE-IRC receiver, CW {min,max} DL{15,63} UL{15,1023}.
UE processing time capability #1, PUSCH mapping Type A, PDSCH mapping Type B, PDCCH monitoring every 1OS, Scheduling: proportional fair, self-scheduling. COT sharing enabled (gNB initiated COT).

















Table 6: Evaluation results of NR-U in an NR-U + Wi-Fi coexistence in outdoor scenario 1. Two cases are considered: (1) NR-U uses ED = -72dBm; and NR-U uses preamble.
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 10%~25%
	Medium load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 35%~50%
	High load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: above 55%

	
	
	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses preamble

	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses preamble

	NR-U in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	NR-U in NR-U + Wi-Fi, with NR-U uses preamble


	R1-1814021/ Ericsson
	DL: 
UPT CDF
[Mbps]
	5%
	26.29
	28.06
	8.67
	2.15
	1.35
	0.18

	
	
	50%
	72.79
	73.75
	34.89
	20.76
	11.29
	7.05

	
	
	95%
	110.03
	106.60
	72.10
	53.85
	42.05
	33.89

	
	
	Mean
	73.48
	71.96
	37.92
	25.20
	15.87
	11.64

	
	DL:
Delay CDF
[s]
	5%
	0.029
	0.031
	0.072
	0.065
	0.138
	0.091

	
	
	50%
	0.066
	0.088
	0.498
	0.849
	1.417
	1.416

	
	
	95%
	0.283
	0.531
	3.807
	7.306
	8.852
	10.218

	
	
	Mean
	0.107
	0.170
	1.064
	2.061
	2.716
	3.120

	
	UL:
UPT CDF
[Mbps]
	5%
	16.25
	15.63
	3.93
	1.13
	0.27
	0.08

	
	
	50%
	48.19
	44.63
	19.37
	10.76
	4.89
	2.56

	
	
	95%
	79.28
	75.77
	45.48
	31.67
	22.92
	17.22

	
	
	Mean
	49.45
	46.61
	22.07
	13.76
	8.02
	5.10

	
	UL:
Delay CDF
[s]
	5%
	0.043
	0.049
	0.087
	0.139
	0.150
	0.260

	
	
	50%
	0.123
	0.179
	1.030
	2.028
	2.888
	3.048

	
	
	95%
	0.607
	0.748
	9.170
	12.641
	21.958
	18.534

	
	
	Mean
	0.244
	0.286
	2.537
	3.885
	6.157
	5.826

	
	𝜌DL
	99.9%
	99.3%
	96.2%
	83.8%
	85.7%
	71%

	
	𝜌UL
	99.4%
	99.2%
	85.8%
	80.6%
	62.1%
	65.6%

	
	BO
	10%
	10.6%
	35%
	50.2%
	60%
	69%

	
	𝜆
	0.19 file/s
	0.24 file/s
	0.28 file/s

	
	
	Additional comments: 
Simulation setup: NR-U outdoor scenario 1, 50/50 DL/UL traffics. 
Common assumptions: Primary LBT: Cat-4 LBT with exponential CW back-off, MCOT duration: 6ms, Max modulation: 256 QAM, Antennas: 4 for BS/AP and 2 for UE/STA, BF scheme: Tx and Rx BF at BS/AP, Maximal number of layers: 2 for DL and 2 for UL, single carrier with 20MHz BW, BS/AP transmit power 20dBm, UE/STA transmit power 18dBm, MMSE-IRC receiver. CW {min,max} DL{15,63} UL{15,1023}.

Wi-Fi assumptions: RTS/CTS disabled, ED/PD threshold -62/-82dBm, A-MPDU frame aggregation, MPDU size: 1500B MSDU plus 14B header, short Wi-Fi guard interval.
NR-U assumptions: SCS 30kHz, UE processing time capability #1, PUSCH mapping Type A, PDSCH mapping Type B, PDCCH monitoring every 1OS, Scheduling: proportional fair, self-scheduling. COT sharing enabled (gNB initiated COT).

















Table 7: Evaluation results of Wi-Fi in an NR-U + Wi-Fi coexistence in outdoor scenario 1. Two cases are considered: (1) NR-U uses ED = -72dBm; and NR-U uses preamble.
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 10%~25%
	Medium load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: 35%~50%
	High load
BO range for NR-U in 
NR-U + Wi-Fi, with NR-U uses ED = -72dBm: above 55%

	
	
	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses preamble

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses preamble

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses ED = -72dBm

	Wi-Fi in NR-U + Wi-Fi, with NR-U uses preamble


	R1-1814021/ Ericsson
	DL: 
UPT CDF
[Mbps]
	5%
	18.39
	19.46
	6.03
	1.84
	1.24
	0.21

	
	
	50%
	60.32
	60.98
	31.16
	16.85
	15.65
	6.53

	
	
	95%
	92.65
	91.97
	69.59
	50.32
	54.04
	32.60

	
	
	Mean
	60.23
	59.96
	35.26
	21.53
	21.26
	10.97

	
	DL:
Delay CDF
[s]
	5%
	0.036
	0.037
	0.053
	0.069
	0.066
	0.098

	
	
	50%
	0.075
	0.084
	0.216
	0.514
	0.405
	1.005

	
	
	95%
	0.335
	0.386
	2.110
	7.152
	4.478
	10.134

	
	
	Mean
	0.145
	0.145
	0.631
	1.773
	1.239
	2.664

	
	UL:
UPT CDF
[Mbps]
	5%
	14.46
	14.49
	5.31
	1.53
	0.99
	0.19

	
	
	50%
	51.17
	49.31
	24.28
	12.87
	11.73
	5.46

	
	
	95%
	88.77
	87.53
	59.90
	43.87
	43.83
	27.64

	
	
	Mean
	52.77
	51.46
	28.71
	17.56
	16.78
	9.38

	
	UL:
Delay CDF
[s]
	5%
	0.038
	0.039
	0.061
	0.090
	0.083
	0.130

	
	
	50%
	0.097
	0.112
	0.244
	0.584
	0.399
	0.898

	
	
	95%
	0.492
	0.586
	1.731
	6.791
	3.975
	9.463

	
	
	Mean
	0.179
	0.203
	0.607
	1.680
	1.160
	2.500

	
	𝜌DL
	99.8%
	99.2%
	97.2%
	84.5%
	93.1%
	74.3%

	
	𝜌UL
	99.7%
	99.4%
	98.1%
	93.2%
	96.4%
	89%

	
	BO
	10.3%
	11%
	28.2%
	50.5%
	45.1%
	67.3%

	
	𝜆
	0.19 file/s
	0.24 file/s
	0.28 file/s

	
	
	Additional comments: 
Simulation setup: NR-U indoor scenario, 50/50 DL/UL traffics. 
Common assumptions: Primary LBT: Cat-4 LBT with exponential CW back-off, MCOT duration: 6ms, Max modulation: 256 QAM, Antennas: 4 for BS/AP and 2 for UE/STA, BF scheme: Tx and Rx BF at BS/AP, Maximal number of layers: 2 for DL and 2 for UL, single carrier with 20MHz BW, BS/AP transmit power 20dBm, UE/STA transmit power 18dBm, MMSE-IRC receiver. CW {min,max} DL{15,63} UL{15,1023}.
Wi-Fi assumptions: RTS/CTS disabled, ED/PD threshold -62/-82dBm, A-MPDU frame aggregation, MPDU size: 1500B MSDU plus 14B header, short Wi-Fi guard interval.
NR-U assumptions: SCS 30kHz, UE processing time capability #1, PUSCH mapping Type A, PDSCH mapping Type B, PDCCH monitoring every 1OS, Scheduling: proportional fair, self-scheduling. COT sharing enabled (gNB initiated COT).
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Introduction


 


During RAN1#93 [1] the following agreement was made: 


 


 


Agreement


:


 


·


 


Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of 


the following scenarios/use cases: 


 


o


 


UE power saving


 


o


 


Improved coexisten


ce


 


o


 


Spatial reuse at least within the same operator network 


 


o


 


Serving cell transmission burst acquisition


 


In this contribution, we provide our view on considering 802.11a preamble as a candidate signal for those use 


cases, including evaluations of 


coexistence.


 


This is a revision of R1


-


1813462 in which we provide simulation results for Outdoor Scenario 1 that were not 


available at the time of the contribution deadline.


 


2


 


Coexistence 


 


In this section, we quantify coexistence gains due to the 802.11a 


preamble, if any, in both an 


NR


-


U+NR


-


U 


coexistence


 


scenario as well as in a 


Wi


-


Fi+NR


-


U coexistence


 


scenario


.


 


In these scenarios, the 802.11a 


preamble is both transmitted and received by NR


-


U devices (gNBs and UEs), and the same dual threshold  


scheme as Wi


-


Fi is used (PD = 


-


82


dBm


, ED = 


-


62


dBm


).


 


Based on the 


agreed 


simulation assumption


s


 


in Table


s


 


1


-


2 


in 


[


2


]


,


 


we 


set up 


two


 


evaluation scenarios to study 


potential 


coex


istence gains due to the 802.11a preamble


. In one scenario


 


a Wi


-


Fi network coexists with an 


NRU network, and in the second scenario an 


NR


-


U 


network coexists 


with 


another N


R


-


U


 


network. 


The arrival 


intensities are selected such that the mean buffer occupanc


ies


 


(BO) of


 


NR


-


U in


 


the baseline setup (NR


-


U 


using ED threshold of 


-


72dBm


 


coexisting with Wi


-


Fi


)


 


are 10%, 35%, and 


60


%, corresponding to the cases of 


low, medium, and high load


, respectively.


 


 


2.1


 


 


NR


-


U


 


O


utdoor 


S


cenario 1


 


NR


-


U Outdoor Scenario 1 has been i


dentified as an outdoor hot


-


spot like scenario. Here, we evaluate the 


impact of introducing the 802.11a preamble on the system


-


level performance.
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