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1	Introduction
[bookmark: _Toc513130363]In this contribution we provide our view on frame structure for NR-U including issues related to NR-U transmission granularity, numerology, and wideband operation. 
2	NR-U transmission granularity 
During RAN1#92bis, the following agreement was made on Type-A and Type-B PxSCH mapping: 
Agreement:
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· FFS: Additional starting positions and durations are not precluded
· …

In this section we address the FFS item. In 3GPP NR Rel-15 for licensed operation, downlink control information (DCI) is received over the physical layer downlink control channel (PDCCH). A PDCCH candidate is searched within a common or UE-specific search space which is mapped to a set of time and frequency resources referred to as a control resource set (CORESET). The search spaces within which PDCCH candidates must be monitored are configured to the UE via radio resource control (RRC) signalling. A monitoring periodicity is also configured for different PDCCH candidates. In any particular slot the UE may be configured to monitor multiple PDCCH candidates in multiple search spaces which may be mapped to one or more CORESETs. PDCCH candidates may need to be monitored multiple times in a slot, once every slot or once in multiple of slots. There are two kinds of transmission, i.e. Type A (slot-based) transmission and Type B (mini slot-based) transmission. In DL, Type B transmission could be started in any symbol with length of 2, 4 and 7 symbols. In UL, Type B transmission could be started in any symbol with any length between {2 and 14} symbols.
[bookmark: _Toc528958080]NR Rel15 supports DL and UL transmission starting in any symbol.  
[bookmark: _Toc528958081]The periodicity of the starting point is controlled by the CORESET and search space RRC configuration. The monitoring periodicity is decoupled from the supported Type B transmission duration.
[bookmark: _Toc528958087]No additional DL or UL starting positions are needed for NR-U  
3	Numerology for NR-U
During RAN1#92bis, the following agreement was made on numerology: 
Agreement:
· …
· For sub-7 GHz, NR-U study the SCSs, 15/30/60kHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60kHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60kHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· …		

During RAN1#94, the following additional agreement was made on numerology:
Agreement:
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands
· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· Common interlace structure
· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands
· FFS: PRACH benefits
· FFS: same numerology for DL and UL considering switching gap

In this section we address the study items in the first agreement taking into account that it has been identified as being beneficial to operate with a single numerology for all signals/channels in a particular link direction (DL or UL) as in the 2nd agreement We argue that an attractive candidate for the single numerology is 30 kHz + NCP from both the standpoint of performance and the fact that this numerology is already supported in NR Rel-15. In contrast, adopting 60 kHz requires quite a large number of specification changes while offering no significant performance benefits. In what follows, we discuss a number of aspects that are impacted by the choice of 30 kHz vs. 60 kHz.
3.1	Blind Detection of Numerology
Some companies suggest that both 30 kHz and 60 kHz designs for NR-U should be supported in specifications, and that the operator chooses which one to use based on the deployment scenario. This would mean that for standalone deployments, the operating band needs to be defined with both numerologies as candidates. However, as agreed in RAN1#94b the UE assumes only a single SSB numerology per band for initial access:
Agreement:
For unlicensed PCell, the UE assumes single SSB numerology per band.
For full deployment flexibility for NR-U, including outdoor scenarios where delay spread can be significant, our view is that if only one candidate is allowed in a sub-7 GHz band, then it should be 30 kHz + NCP. This is attractive in that it is already supported in specifications today. Another option could be 60 kHz + ECP in order to handle larger delay spreads; however, as agreed last meeting:
Working assumption:
Extended CP for SS/PBCH block is not supported for NR-U operation.
· Note: This working assumption will be confirmed if there is no issue identified in terms of coverage and delay spread

Considering the above, we observe the following:
[bookmark: _Toc528958082]For an unlicensed PCell, the single SS/PBCH block numerology per band should be 30 kHz + NCP in order to maximize deployment flexibility.
3.2	Delay Spread in Outdoor Deployments
As mentioned in the previous section, delay spreads in outdoor deployments are typically significantly larger than in indoor scenarios. This places a lower bound on the CP duration that should be selected for such deployments. For 30 kHz, the NCP duration is approximately 2.35 us; for 60 kHz it is 1.17 us. For the latter, this means that the maximum differential delay between a direct path and a reflected path should be less than 1.17 us in order to maintain good performance. The RMS delay spread should be even less to ensure that this constraint is fulfilled in an average sense.
Based on field measurements at 5 GHz [1] in which the gNB is placed on the rooftop of a low rise building and the UE is at ground level at varying distances of 90 – 200m receiving reflections from nearby and distant buildings, RMS delay spreads up to 0.7 us have been observed depending on the UE location. Such a deployment is conceivable, for example, in an outdoor mall or urban square type setting. With this level of delay spread, it was observed that the instantaneous time delay easily exceeds the CP duration for 60 kHz SCS (1.17 us). In [1], it is shown that with this delay spread, the SINR (due to noise + ISI) drops to less than 15 dB, which can severely limit peak rates. Simulated link-level performance with delay spreads in the range of [100, 1000] ns has been evaluated based on the TDL-A channel [2]. From these results one can see that above 500 ns, 60 kHz SCS + NCP suffers a performance loss due to excessive ISI, unless ECP is adopted to enhance robustness against channel dispersion. However, based on the discussion in subsequent sections, adoption of ECP requires significant specification changes, and is thus not a preferred candidate. Based on the measurements and simulations referenced here, we observe the following:
[bookmark: _Toc528958083]60 kHz + NCP breaks down for RMS delay spreads larger than 500 ns.
[bookmark: _Toc528958084]30 kHz + NCP offers greater deployment flexibility than 60 kHz + NCP.
3.3	Channel Access Granularity
The transmission granularity can be increased, and latency can be reduced, if either 30 kHz or 60 kHz subcarrier spacing is used for NR-U compared to the baseline of 15 kHz. While 60kHz potentially provides better access granularity for Type A PDSCH/PUSCH mapping, this is counteracted by the fact that the spectrum utilization in case of 20MHz using 60kHz SCS is lower than 30kHz due to larger guard bands. Moreover, the use of Type B PDSCH/PUSCH mapping (mini-slots) for 30 kHz offers very high granularity already.
Here, we evaluate the performance difference between 15, 30, and 60 kHz in two scenarios both based on the indoor evaluation scenario agreed for NR-U evaluations:
· Single NR-U operator 
· NR-U operator coexisting with a Wi-Fi operator.
Note that for the the single operator case, it is assumed that one of the operator does not serve any traffic. For UL, self-scheduling is assumed, i.e. the grant is also sent on the unlicensed carrier. It is also assumed that only slot-based (Type A) scheduling is used for the uplink. For DL, Type B scheduling starting at any symbol is enabled. We believe that the highest UL performance difference between different SCS can be observed in this case. Finally, UE capability #1 processing delays are modeled. In Figure 1 and Figure 2, we present the mean UL/DL object data rate per UE for 12, 35 and 60% buffer occupancy that represent low, medium and high load. 
	[image: ][image: ] 
	(a)	(b)
[bookmark: _Ref525736261]Figure 1: Performance using different SCS in a single NR-U indoor network deployment for (a) DL, and (b) UL.
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	(a)	(b)
[bookmark: _Ref525736266]Figure 2: Performance using different SCS when NR-U coexist with another Wi-Fi network in an indoor deployment for (a) DL, and (b) UL. Only the NR-U operator results are shown
For the DL, no large differences in performance between 15, 30, 60 kHz are evident, which is expected since Type B PDSCH mapping is used with PDCCH monitoring every OFDM symbol. In fact, as the SCS increases, the performance degrades to some extent due to larger overhead and larger guard bands. For the UL on the other hand, both scenarios (single NR-U operator or coexisting with Wi-Fi) show that both 30 and 60kHz perform better than 15kHz subcarrier spacing. However, minimal difference is observed between 30 and 60kHz subcarrier spacing due to the trade-off between channel access granularity and spectrum utilization. Most of the gain comes from increasing the SCS from 15 kHz to 30 kHz.
[bookmark: _Toc528958085]The largest performance gain is achieve by increasing the SCS from 15 kHz to 30 kHz. Diminishing returns (or even declining returns in DL) are achieved by increasing further from 30 kHz to 60 kHz. 
3.4	Specification Impact
As demonstrated above, 60 kHz does not offer an appreciable gain in performance compared to 30 kHz considering channel access granularity, and can lead to performance degradation in larger delay spread scenarios. In addition, it was agreed last meeting that 60 kHz has at least the following spec impact:
Agreement:
It has been identified that support of different numerology candidates at least has the following specification impacts.
	Item
	15/30 kHz SCS
	60 kHz SCS

	UL Interlace Design
	PRB-based interlacing has following spec impacts.
· Number of interlaces
· Number of PRBs per interlace
· Resource allocation
· Channel estimation aspects (e.g., impact on PRG)

	PRB-based interlacing has following spec impacts,
· Number of interlaces
· Number of PRBs per interlace
· Resource allocation
· Channel estimation aspects (e.g., impact on PRG)
In addition to above impacts, sub-PRB-based interlacing has following spec impacts,
· Reference signal design (e.g., DMRS )
· Resource allocation

	NR-U DRS Design
	· SS/PBCH block time domain pattern is already supported in Rel-15

	· SS/PBCH block time domain pattern is not supported in Rel-15
· FFS for scaling Rel-15 design or new design
· SS/PBCH block – CORESET configuration tables (38.213, Section 13) is not supported in Rel-15



In addition, we see the following additional spec impact in terms of signalling:
	[bookmark: _Hlk525830964]RRC signaling of SCS for SS/PBCH and PRACH numerologies for NSA operation
	Signaling already supported
	Signaling of 60 kHz not supported for FR1 in Rel-15

	PBCH signaling of SCS for Msg 2/4 and SI for NSA operation
	Signaling already supported
	Signaling of 60 kHz not supported for FR1 in Rel-15

	Extension of PDSCH-to-HARQ timing values in DCI to indicate timing up to largest COT allowed by regulation 
	Extension to 5 bits is beneficial
	Extension to 6 bits beneficial

	Possible extension of the number of HARQ IDs to fully exploit the largest COT without gaps allowed by regulation
	No extension required
	Extension to more than 16 may be needed (24 slots in a 6 ms COT)



[bookmark: _Toc528958088]Due to considerations of deployment flexibility, performance, and minimized spec impact, 30 kHz + NCP is prioritized for NR-U PHY layer channel design and PHY layer procedure design.


4	Wideband operation
As for NR in licensed bands, it is expected that NR-U will support transmissions over a wide bandwidth (>> 20 MHz). In NR Rel-15 there are two modes of operation to support wideband transmissions:
· [bookmark: _Hlk525634278]Mode 1: Carrier aggregation (CA)-based wideband operation analogous to LTE-eLAA
· Mode 2: Single wideband carrier operation based on a single active bandwidth part (BWP)

4.1	CA-Based Wideband Operation (Mode 1)
Figure 3 shows an example of Mode 1 for an operating bandwidth of 80 MHz. The UE is configured with four component carriers (CC’s) totalling 80 MHz which are activated prior to reception/transmission. As per the following RAN1 agreement, LBT can be performed in units of 20 MHz. Hence, it makes sense to configure the individual CC’s with a bandwidth of 20 MHz such that the CC bandwidth and the LBT bandwidth are one and the same.
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  
multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· …

[image: ]
[bookmark: _Ref524529042]Figure 3: Wideband operation based on carrier aggregation (Mode 1)
One claimed drawback of Mode 1 is that each CC has a guard band defined by RAN4 which reduces the spectral utilization efficiency compared to Mode 2 for the case when transmission occurs over the full BWP. However, from RAN4 perspective there is no requirement that the guard bands between two or more contiguous carriers are left empty. Hence, optimizations may be considered whereby the transmitting device uses the guard REs and the receiving device assumes that PxSCH is mapped to these REs.
[bookmark: _Toc528958089]For CA-based wideband operation in NR-U, it is beneficial to utilize the guard bands between two or more contiguous CCs for PxSCH reception (x = D for downlink and = U for uplink).
Since CA-based operation is a straight forward extension of the approach used in LTE-LAA, it makes sense that the same should be supported in NR-U, especially since RAN4 requirements have already been developed on a per-carrier basis for ACLR and Cumulative-ACLR in the case of non-contiguous intra-band CA. The latter occurs when LBT for a particular CC fails, and transmission occurs on a subset of the activated CCs. 
[bookmark: _Toc528958090]NR-U supports CA-based wideband carrier operation (Mode-1) with carrier bandwidth equal to the LBT bandwidth.
4.2	Single Carrier Wideband Operation (Mode 2)
In RAN #94b, the following agreement was made regarding single wideband carrier operation (Mode 2) where several options have been identified for down-selection:
Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.
· For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
· Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB
· Note: CCA is declared to be successful or not in multiples of 20 MHz.
· FFS for UL operation including some or all of above options can be applied
· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.

Additionally, and LS was sent to RAN4 and RAN2 [3] since it is RAN1’s understanding that the various options will have different impacts in either or both of RAN4 and RAN2. From a RAN2 perspective the key consideration in assessing the various options is whether a single active BWP is used or multiple active BWPs. From a RAN4 perspective, the key consideration in assessing the various options is whether contiguous 20 MHz LBT sub-bands are always used or non-contiguous LBT sub-bands. The following table serves to categorize the various options.
Table 1: Categorization of single wideband carrier options identified in RAN1#94b
	
	Contiguous LBT Sub-band(s)
	Non-contiguous LBT Sub-bands

	Single Active BWP
	Option 2
	Option 3

	Multiple Active BWP
	Option 1b
	Option 1a



4.2.1	Impact of Multiple Active BWPs
In our RAN2 contribution [4], we identify the impact of supporting multiple active BWPs (Options 1a/b). First we note that in NR licensed and LTE LAA, one HARQ entity is maintained per serving cell/carrier. Hence, one way to support multiple active BWPs is that a single HARQ entity is for the wideband carrier is shared amongst the all active BWPs; however, in that case the HARQ process ID space would be limited. An alternative approach would be to maintain a single HARQ entity per active BWP. This requires significant RAN2 standardization effort and carries the risk of breaking backward compatibility. We note that additional complexity is incurred in managing HARQ operation if HARQ retransmissions across active BWPs is allowed.
One area which would be significantly impacted by support for multiple active BWPs is power control. If NR-U were to support multiple active BWPs, it may be necessary to support PHR per BWP since the existing PHR framework per serving cell cannot precisely reflect the power headroom for each BWP.  This would require substantial efforts for both RAN1 and RAN2.
Other aspects that need to be considered in RAN2 are the following:
· Logical channel prioritization (LCP) restrictions
· Whether or not to introduce BWP specific DRX configuration
· Whether or not to introduce BWP specific uplink timing alignment
· Whether or not to introduce multiple configuration grant configurations, so that each BWP may be associated with a different configured grant configuration
· Whether or not to support BWP specific RRM framework, BWP specific RLM/RLF etc.
As a summary, RAN2 would need to spend a lot of effort to specify functions which are already feasible/supported within the carrier aggregation framework. It seems unnecessary to re-invent the wheel.
[bookmark: _Toc528958091]Multiple active BWPs are not considered for NR-U; hence, Options 1a and 1b are not supported.
4.2.2	Impact of Non-contiguous 20 MHz LBT Sub-bands
In the LS sent from RAN4 to RAN1 the following diagram was included which illustrates that depending on the LBT outcome, a transmission may occupy all contiguous LBT sub-bands or a mix of contiguous and non-contiguous LBT sub-bands

[image: ]
Figure 1: Wideband carrier operation for NR-U with LBT performed on a 20 MHz basis in each “LBT sub-band.” In this example, LBT fails in 1 out of 4 defined LBT sub-bands.
In a draft LS reply from RAN4 back to RAN1 [5] it is identified that support for non-contiguous LBT sub-bands within a wideband carrier will require extensive analysis and requirement specification work in RAN4:
· Introduction of in-gap leakage and blocking requirements where CCA fails
· Spectral mask needs to be supported on a per sub-band basis
· Potential additional backoff, or maximum power reduction (MPR) at the UE
· Challenging RF filter design at 5 GHz to satisfy requirements in the gap(s) between non-contiguous sub-bands
· Requires attenuation, or “notches,” within the filter passband in the LBT sub-bands that fail CCA
· Requires feasibility analysis and performance studies if new flexibilities in filter design are introduced
· Potential heavy impact on implementation complexity, even if RF requirements are similar to CA-based operation
It is also worth pointing out that one of the claimed advantages of supporting non-contiguous operation within a single wideband carrier is that the spectral efficiency is greater than CA-based operation. However, we note that if LBT fails in any of the LBT sub-bands (e.g., the 3rd sub-band as shown in the above figure), then the resulting spectral efficiency of the remaining LBT sub-bands will automatically be reduced. In an 80 MHz wide carrier, the SU is 217 PRBs. However, in the above example, the SU will become 106 + 51 PRBs < ¾*(217). This is only 4 more PRBs than 3 carriers of 20 MHz (51 PRBs) each. If CCA failure happens in more than one LBT sub-band, then the resulting spectral utilization is reduced even further.
Due to the heavy RAN4 impact of non-contiguous operation, in our view this should be down-prioritized.
[bookmark: _Toc528958092]Transmission in non-contiguous LBT sub-bands is not supported for NR-U; hence, Option 3 is not supported.
4.1.3	Puncturing/Rate Matching
Another drawback with Option 3 is due to puncturing and/or rate matching concerns. In NR, a series of transport block (TB) processing steps are required before a PxSCH transmission can occur on the physical channel. The steps include transport block size (TBS) determination, followed by possible segmentation of the TB into one or more codeblocks or codeblock groups, data encoding, CRC attachment, modulation, layer mapping, and precoding. These steps take time, and thus must be performed in advance of the slot scheduled for PxSCH transmission. Moreover, since LBT procedures are performed just in advance of the scheduled slot, some or all of the TB processing steps must be performed in advance of the LBT procedure as well. Consequently, during TB processing for Mode 2 operation, the transmitting device (gNB or UE) would need to assume that all LBT sub-bands are available for transmission since there is little or no time for TB re-processing to account for one or more LBT bandwidth pieces being unavailable due to LBT failure. It gets more complicated in the UL since the scheduling information is already provided by the gNB via the grant, and the UE does not have the flexibility to adjust it. This is in contrast to Mode 1 operation where separate TB processing is performed on a per-CC basis, and if one or more CC’s is unavailable for transmission, the TB(s) in other CC’s do not need to be re-processed.
For Option 3, one way to handle such timing constraints, thus avoiding fully re-processing the TB, is for the transmitting device to puncture or rate-match around the LBT sub-bands that are unavailable due to LBT failure. In the former, the PDSCH REs are simply not transmitted in those LBT sub-bands, and the UE may set the soft values for the coded bits corresponding to those REs to zero prior to a decoding. In the latter, partial re-processing may be performed at the transmitting device, assuming sufficient processing capability. The partial re-processing is to re-encode the TB at a higher rate accounting for the unavailable REs. We emphasize that both approaches are undesirable and may cause reliability issues.
[bookmark: _Toc528958086]Puncturing/rate matching around LBT sub-bands that fail LBT may cause PxSCH decoding failure
4.1.4	Preferred Option
Option 2 has the advantage that it requires neither multiple active bandwidth parts nor non-contiguous transmission, and is thus the least RAN4 and RAN2 impacting solution for single wideband carrier operation (Mode 2). Moreover, neither puncturing nor rate matching is needed, since transmission only occurs if LBT is successful on all LBT sub-bands. Option 2 is thus useful, for example, in environments where narrowband interference is not expected. It is also useful for new bands where the channelization may not necessarily be on a granularity of 20 MHz. In this case wideband LBT may be used. We point out that for operation in environments with high probability of narrowband interference, e.g., in 5 GHz, where LBT is likely to fail on one or more LBT sub-bands, then CA-based operation (Mode 1) may always be configured.
[bookmark: _Toc528958093]Support single-wideband carrier operation (Mode 2) with a single active BWP where transmission occurs only if CCA is successful in all LBT  sub-bands within the BWP (Option 2).
5	Conclusion
In this paper we made the following observations: 
Observation 1	NR Rel15 supports DL and UL transmission starting in any symbol.
Observation 2	The periodicity of the starting point is controlled by the CORESET and search space RRC configuration. The monitoring periodicity is decoupled from the supported Type B transmission duration.
Observation 3	For an unlicensed PCell, the single SS/PBCH block numerology per band should be 30 kHz + NCP in order to maximize deployment flexibility.
Observation 4	60 kHz + NCP breaks down for RMS delay spreads larger than 500 ns.
Observation 5	30 kHz + NCP offers greater deployment flexibility than 60 kHz + NCP.
Observation 6	The largest performance gain is achieve by increasing the SCS from 15 kHz to 30 kHz. Diminishing returns (or even declining returns in DL) are achieved by increasing further from 30 kHz to 60 kHz.
Observation 7	Puncturing/rate matching around LBT sub-bands that fail LBT may cause PxSCH decoding failure
[bookmark: _GoBack]Based on the discussion in this paper we propose the following:
Proposal 1	No additional DL or UL starting positions are needed for NR-U
Proposal 2	Due to considerations of deployment flexibility, performance, and minimized spec impact, 30 kHz + NCP is prioritized for NR-U PHY layer channel design and PHY layer procedure design.
Proposal 3	For CA-based wideband operation in NR-U, it is beneficial to utilize the guard bands between two or more contiguous CCs for PxSCH reception (x = D for downlink and = U for uplink).
Proposal 4	NR-U supports CA-based wideband carrier operation (Mode-1) with carrier bandwidth equal to the LBT bandwidth.
Proposal 5	Multiple active BWPs are not considered for NR-U; hence, Options 1a and 1b are not supported.
Proposal 6	Transmission in non-contiguous LBT sub-bands is not supported for NR-U; hence, Option 3 is not supported.
Proposal 7	Support single-wideband carrier operation (Mode 2) with a single active BWP where transmission occurs only if CCA is successful in all LBT  sub-bands within the BWP (Option 2).
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Appendix
Table 1:  Evaluation results for NR-U with using different SCS in a single NR-U indoor network deployment  
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for NR-U with 15 kHz SCS: 10%~25%
	Medium load
BO range for NR-U with 15 kHz SCS: 35%~50%
	High load
BO range for NR-U with 15 kHz SCS: above 55%

	
	
	NR-U with SCS = 15 kHz

	NR-U with SCS = 30 kHz

	NR-U with SCS = 60 kHz

	
	NR-U with SCS = 15 kHz

	NR-U with SCS = 30 kHz

	NR-U with SCS = 60 kHz

	
	NR-U with SCS = 15 kHz

	NR-U with SCS = 30 kHz

	NR-U with SCS = 60 kHz

	

	R1-xxxxxxx / Source 1
	DL: 
UPT CDF
[Mbps]
	5%
	45.76
	45.65
	43.84
	
	30.44
	30.23
	30.30
	
	14.61
	15.83
	16.46
	

	
	
	50%
	102.66
	105.01
	97.29
	
	73.61
	76.32
	70.56
	
	43.23
	48.01
	44.76
	

	
	
	95%
	127.84
	128.03
	121.30
	
	105.71
	106.15
	103.64
	
	77.31
	80.52
	78.27
	

	
	
	Mean
	101.23
	101.99
	95.85
	
	76.03
	77.27
	73.88
	
	48.42
	52.11
	49.49
	

	
	DL:
Delay CDF
[s]
	5%
	0.028
	0.027
	0.029
	
	0.037
	0.037
	0.037
	
	0.075
	0.063
	0.058
	

	
	
	50%
	0.037
	0.035
	0.038
	
	0.074
	0.072
	0.073
	
	0.248
	0.171
	0.177
	

	
	
	95%
	0.077
	0.077
	0.086
	
	0.242
	0.201
	0.225
	
	0.952
	0.673
	0.666
	

	
	
	Mean
	0.047
	0.045
	0.050
	
	0.118
	0.103
	0.104
	
	0.405
	0.297
	0.291
	

	
	UL:
UPT CDF
[Mbps]
	5%
	35.40
	42.16
	41.93
	
	21.17
	24.96
	24.77
	
	8.38
	11.57
	10.79
	

	
	
	50%
	65.65
	79.95
	83.71
	
	44.07
	55.15
	57.67
	
	24.12
	31.89
	31.97
	

	
	
	95%
	79.60
	99.91
	104.84
	
	65.65
	81.00
	85.76
	
	46.12
	58.91
	59.88
	

	
	
	Mean
	65.19
	80.08
	83.38
	
	46.55
	57.61
	60.54
	
	28.02
	36.02
	36.42
	

	
	UL:
Delay CDF
[s]
	5%
	0.044
	0.036
	0.034
	
	0.059
	0.049
	0.045
	
	0.097
	0.099
	0.095
	

	
	
	50%
	0.057
	0.046
	0.046
	
	0.146
	0.105
	0.109
	
	0.334
	0.271
	0.334
	

	
	
	95%
	0.105
	0.090
	0.090
	
	0.498
	0.325
	0.316
	
	1.991
	1.301
	1.538
	

	
	
	Mean
	0.069
	0.057
	0.057
	
	0.224
	0.182
	0.156
	
	0.736
	0.568
	0.627
	

	
	𝜌DL
	100%
	100%
	100%
	
	99%
	99%
	100%
	
	96%
	97%
	97%
	

	
	𝜌UL
	100%
	99%
	99%
	
	99%
	98%
	99%
	
	90%
	91%
	91%
	

	
	BO
	12%
	11%
	11%
	
	35%
	32%
	32%
	
	60%
	56%
	56%
	

	
	𝜆
	0.5 file/s
	1.1 file/s
	1.5 file/s

	
	
	Additional comments:
· Simulation setup: NR-U indoor scenario, 50/50 DL/UL traffics. There is only single NR-U operator.
· In the table: 𝜌 is the ratio between served traffic and offered traffic



Table 2: Evaluation results for Wi-Fi and NRU coexistence using different SCS for NR-U in an indoor deployment
	
Tdoc /
Source
	
Reported parameters
	Low load
BO range for WiFi in NR-U+WiFi with
NR-U uses 15 kHz SCS: 10%~25%
	Medium load
BO range for WiFi in NR-U+WiFi with
NR-U uses 15 kHz SCS: 35%~50%
	High load
BO range for WiFi in NR-U+WiFi with
NR-U  use 15 kHz SCS: above 55%

	
	
	NR-U with SCS = 15 kHz

	NR-U with SCS = 30 kHz

	NR-U with SCS = 60 kHz

	
	NR-U with SCS = 15 kHz

	NR-U with SCS = 30 kHz

	NR-U with SCS = 60 kHz

	
	NR-U with SCS = 15 kHz

	NR-U with SCS = 30 kHz

	NR-U with SCS = 60 kHz

	

	R1-xxxxxxx / Source 1
	DL: 
UPT CDF
[Mbps]
	5%
	37.58
	38.68
	36.81
	
	20.53
	20.00
	19.94
	
	5.08
	7.89
	6.39
	

	
	
	50%
	90.49
	93.88
	86.31
	
	54.62
	52.63
	49.33
	
	22.27
	25.86
	21.70
	

	
	
	95%
	120.41
	121.31
	112.82
	
	84.76
	81.61
	75.09
	
	46.45
	50.51
	45.51
	

	
	
	Mean
	90.67
	93.20
	86.40
	
	57.59
	56.18
	51.94
	
	26.33
	30.32
	26.51
	

	
	DL:
Delay CDF
[s]
	5%
	0.034
	0.030
	0.037
	
	0.170
	0.109
	0.131
	
	0.225
	0.168
	0.251
	

	
	
	50%
	0.219
	0.099
	0.219
	
	1.020
	1.210
	1.221
	
	2.326
	1.758
	1.761
	

	
	
	95%
	1.074
	0.543
	1.458
	
	3.984
	5.008
	6.284
	
	9.477
	7.743
	7.913
	

	
	
	Mean
	0.411
	36.46
	0.489
	
	1.747
	2.115
	2.366
	
	3.944
	3.151
	3.307
	

	
	UL:
UPT CDF
[Mbps]
	5%
	29.47
	36.46
	36.58
	
	15.22
	17.49
	16.79
	
	3.54
	6.42
	5.31
	

	
	
	50%
	55.38
	71.12
	72.63
	
	33.00
	39.70
	38.75
	
	12.06
	18.15
	16.83
	

	
	
	95%
	73.31
	92.86
	96.49
	
	49.54
	61.51
	60.87
	
	25.13
	36.27
	35.35
	

	
	
	Mean
	56.80
	71.88
	73.66
	
	35.03
	42.22
	41.40
	
	14.65
	21.43
	19.90
	

	
	UL:
Delay CDF
[s]
	5%
	0.048
	0.039
	0.040
	
	0.126
	0.074
	0.087
	
	0.146
	0.117
	0.171
	

	
	
	50%
	0.304
	0.112
	0.151
	
	1.019
	1.573
	1.020
	
	2.030
	1.903
	1.835
	

	
	
	95%
	1.438
	0.970
	1.389
	
	5.895
	7.188
	8.400
	
	13.762
	10.763
	12.443
	

	
	
	Mean
	0.606
	0.334
	0.430
	
	2.197
	2.778
	2.917
	
	4.942
	4.171
	4.510
	

	
	𝜌DL
	98%
	99%
	98%
	
	88%
	88%
	86%
	
	72%
	76%
	74%
	

	
	𝜌UL
	97%
	98%
	97%
	
	77%
	77%
	74%
	
	48%
	53%
	52%
	

	
	BO
	13%
	10%
	12%
	
	37%
	37%
	40%
	
	63%
	58%
	61%
	

	
	𝜆
	0.25 file/s
	0.38 file/s
	0.48 file/s

	
	
	Additional comments:
· Simulation setup: NR-U indoor scenario, 50/50 DL/UL traffics. 
· In the table: 𝜌 is the ratio between served traffic and offered traffic
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