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Proposals from [3][21]:
	R4-1900661,	RF work for NR-U in Rel-16, 
Huawei, HiSilicon
	Proposal 1: Band n46 is refarmed for NR-U with high priority in Rel-16.
Proposal 2: 4Rx should be as the baseline for NR unlicensed bands, e.g. 5.15-5.925GHz, 5.925-6.425GHz.
Proposal 3: In Rel-16 timeframe, limitation of the scenarios should be considered in RAN4 to complete the WI.

	R4-1901646,	Scope and workplan for Rel-16 NR-Unlicensed WI RF work in RAN4, 
Ericsson, Qualcomm
	Proposal-1: RAN4 to agree on the RF part of workplan as presented in Section 3 of this contribution.
Porposal-2: Companies are encouraged to provide band combinations for different scenarios according to following schedule:
· Band combinations for scenario A, B, C: RAN4#91 (May 2019)
· Band combinations for scenario D, E: RAN4#92bis (October 2019)
Proposal-3: The responsibility for providing CR is shared between companies for different specs for NR-U work in Rel-16.



Discussion:
R4-1900661,	RF work for NR-U in Rel-16, Huawei, HiSilicon
Ericsson: Proposal 1 should be discussed under bandplan. Proposal 2 on 4Rx, it should not be mandatory. This should also be discussed in the WI. Proposal 3: agree in principle to limit the scenarios, set a priority.
Qualcomm: Agree with Ericsson on proposal 2. This should not be the baseline.
Nokia: Same comment as Ericsson. 
Charter: n46 should be prioritized first. Agree with Ericsson on proposal 2 and 3. 
Oppo: Which band shouldbe prio depends on operators. Proposal on, 4Rx should not be mandatory.
Huawei: 4Rx as the baseline, we can’t understand the difficult for this to be mandatory, so we encourage discussions on this.
R4-1901646,	Scope and workplan for Rel-16 NR-Unlicensed WI RF work in RAN4, Ericsson, Qualcomm
Huawei: Why scenario D and E has low priority and scheduled for October meeting? 
Ericsson: RAN4 work will depend on progress in RAN1 and RAN2. RAN4 work will be completed in March 2020 for Rel-16, so we will have 6 months for scenario D and E.
Charter: Will band combination work will include 6GHz also or not? 
Ericsson: Only agreed band plan will be used for band combinations 
Verizon: 6GHz for NR-U is still open in FCC.
Charter: Need an agreement: “6GHz banplan shall not go ahaead without regulatory decisions.” This meeting, there are proposal already for bandplan by companies.
Nokia: We do not need to wait for band specification with band requirements in specification.
Nokia: There are no input on specifications structure for NR-U. Do we have any framework for this work in this workplan? 
Huawei: How does this priority on proposal 2 comes from? Should we decide so early on this proposal 2? This should be decided by operators
Qualcomm: What is process for companies for to propose band combinations?
Verizon: FCC is working on 6GHz now, so we cannot determine any requirement in 6GHz at this moment. Prioritize band 46 as refarmed band.
Ericsson: When companies propose, the combinations can be placed in a basket. We may not need to worry so much about the band combinations
Agreement on workplan of the WI:
Proposal-1: RAN4 to agree on the RF part of workplan as presented in Section 3 of R4-1901646 contribution.
Porposal-2: Companies are encouraged to provide band combinations for different scenarios according to following schedule (depending on regulatory approvals/bandplan for 6GHz):
· Band combinations for scenario A, B, C: RAN4#91 (May 2019) onwards
· Band combinations for scenario D, E: RAN4#92bis (October 2019) onwards
Proposal-3: The responsibility for providing CR is shared between companies for different specs for NR-U work in Rel-16.

Wideband carrier operation (LS reply to RAN1)

	R4-1900196, On the RAN1 Reply LS on wideband carrier operation for NR-U, 
AT&T
	Proposal 1: RAN4 to study the feasibility of changing RF filtering from slot to slot at the gNB transmitter 
Proposal 2: RAN4 to study the feasibility of changing RF filtering from slot to slot at UE receiver

	R4-1901319, Discussion on wide-band operation for NR-U, 
OPPO

	Proposal-1: RAN4 should define guard bands as constant values on either side of an LBT sub-band whether LBT is successful or not.
Observation-1: For each different contiguous sub-bands, the bandwidth of its guard band may be corresponding different.
Proposal-2: RAN4 can further discuss the requirements of switching delay for NR-U, based on NR BWP switching delay.
Observation-3: Occupied LBT sub-bands may have no additional limitation.

	R4-1901335, Discussion on wideband carrier operation for NR-U, 
Nokia, Nokia Shanghai Bell

	Observation 1:  If filtering out multiple 20MHz chunks is feasible based on LBT outcome, then also filtering of larger n * 20 MHz chunks should be feasible.
Observation 2: It is feasible to receive transmissions on one or more 20 MHz channels, while the receiver BW is n * 20 MHz (2 ≤ n ≤ [4]), and other 20 MHz channels may contain interference from other nodes up to X dB stronger (X is FFS).
Proposal 1: Reply to RAN1 that transmission/reception bandwidth adaptation by digital filtering can be performed dynamically and with insignificant delay, i.e. based on LBT outcome. 
Proposal 2: Reply to RAN1 that Option 3 with single sub-band gap is feasible, and that the requirements for this case can be based on requirements defined for two corresponding contiguous transmissions/receptions.

	R4-1901529, Discussion on reply LS to RAN1 on wideband carrier operation for NR-U, 
Qualcomm Incorporated

	Observation 1: When defining the supportable gaps, system level considerations should be taken into account in order to ensure limited performance impact.
Observation 2: Combinations of contiguous gaps may not be desirable; however, it may not be necessary to define restrictions on non-contiguous combinations of 20MHz-wide gaps.

	R4-1901650, Discussion on channel puncturing in wideband carrier operation for Rel-16 NR-U,
Ericsson

	Observation: 
•	It is easier to meet the ETSI spectrum mask if the channel filter is modified to fit the active BWP, the emission requirement must be met in the LBT subbands within BWP where LBT is not successful. . 
o	This implies filter reconfiguration (or can imply) between COT (i.e. between two different LBT instances) for the wideband/BWP approach. 
•	The CA approach has the advantage that each 20 MHz channel configured (the same bandwidth as an “operating channel” in the ETSI-standard) can be filtered without reconfiguration. 
o	This applies for both BS and UE.



Draft reply LS on wideband carrier operation: 
1. R4-1901320,	 Draft LS reply on wide-band operation for NR-U, OPPO
2. R4-1901616, Reply LS on wideband carrier operation for NR-U, Intel Corporation
3. R4-1901651, Reply LS on wideband carrier operation for NR-U, Ericsson
Discussion:
Qualcomm: On AT&T paper, what does it mean by reconfiguring RF filter, at least from UE side? It may be quite challenging to change or retune the filter on slot-to-slot? 
Intel: On AT&T proposal 2, similar understanding as Qualcomm. Time frame is very much inline with BWP switching. For type 2 UE, upto 100us is allowed for BWP switching.
Nokia: How can this be equal to Rel-15 BWP switching time since this is in within same BWP? 
AT&T: One can figure out what time is required for switching. 
Ericsson: Regarding Nokia’s paper, what is meant by “insignificant delay”?
Nokia: If it is possible to not impact the LBT time when filter is retuned, then the time must be very insignificant.
Ericsson: In the DL transmission, the UE does not know for which part of the transmission is blocked due to LBT failure?
Huawei: What kind of time is required for dynamic switching time? What kind of requirements are needed for in-carrier requirement with dynamic switching?
AT&T: Even UE does not know LBT failure in first slot, UE can be informed in second slot that wider bandwidth is used. 
Qualcomm: reconfiguration of filter in second slot may not be possible, since we may loose the transmission in DL. 
Oppo: We can follow the similar method as we have done for BWP switching delay. We may expect low time delay for NR-U. We can further study this.
AT&T: UEs can be multiplexed in one slot and then UE can afford to have higher switching time. The interesting issue is at the gNB side.
Nokia: Based on available DMRS, the UE can figure out which subband is used by gNB. Based on this, the UE can changes/reconfigure its filter. 
Qualcomm: RF filtering will not be used for UE. Baseband filtering will be considered.
AT&T: We basically mean, study the feasibility whether the filter/mask can be changed slot-to-slot. Open to any wording on the proposals.
Qualcomm: It is a common understanding that, we will not use RF filtering for adaption.
Intel: Will UE be informed on LBT failure on parts of the BWP? 
AT&T: This is FFS in RAN1, still under discussions.
Nokia: How many companies feel that, this switching delay is not feasible? 
Huawei: IF we change the filter, in the in-gap carrier, we need to meet the ACLR requirement.
AT&T: 
Oppo: The gap between two LBT sub-bands will become zero. Fixed subbands on the outer side of the sub-bands.
AT&T: This may not be correct for wideband operation, when multiple LBT sub-bands are included in wideband carrier.

Agreement:
It is a common understanding that, we will not use RF filtering for adaption for both the UE and gNB side.
RAN4 to study the feasibility of changing the baseband filtering between subsequent gNB transmissions
· Feasibility will depend on RF leakage and blocking requirements
RAN4 to study the feasible durations of changing baseband filtering at UE receiver
· 	Feasibility will depend on RF leakage and blocking requirements
RAN4 to study the need for guardbands between LBT sub-bands for wideband carrier operation between the adjacent LBT sub-bands where CCA passes on all adjacent LBT sub-bands once LBT outcome is known to the UE
Reply LS to RAN1:
Ericsson to draft the reply LS based on the above agreements.

Bandplan
	R4-1901318,	 Discussion on frequency band definition for NR-U, 
OPPO
	Proposal 1: Companies are encouraged to provide their request for new NR-U band with DL only or UL/DL frequency arrangement.
Observation 1: RAN4 should specify the band definition of unlicensed band(s) in sub-7GHz, with duplex modes TDD/FDD and SDL.
Proposal 2: Similar as NR band’s definition, the following table can be taken as an example for NR-U band.
Table 1: NR(-U) operating bands in FR1
	NR-U operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n46
	5150 MHz–5925 MHz
	5150 MHz–5925 MHz
	TDD

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n100
	5925 MHz – 7125 MHz
	5925 MHz – 7125 MHz
	TDD

	n101
	5925 MHz – 6425 MHz
	5925 MHz – 6425 MHz
	TDD

	n102
	5150 MHz–5625 MHz
	5925 MHz – 6425 MHz
	FDD

	n103
	N/A
	5150 MHz	–5925 MHz
	SDL




	
R4-1901334, Discussion on NR-U band plan, 
Nokia, Nokia Shanghai Bell
	
Proposal 1:  It is proposed to re-farm E-UTRA band 46 for NR unlicensed usage as band n46.
Proposal 2: It is proposed to introduce new band n54 for NR unlicensed usage for 6 GHz range.

	R4-1901647, Bandplan and channelization for 5GHz NR-U, Ericsson
	Proposal-1: Define refarmed band n46 as shown in the table below:
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high

	n46a
	5150 MHz 
	–
	5250 MHz
	5150 MHz
	–
	5250 MHz

	n46b
	5250 MHz 
	–
	5350 MHz
	5250 MHz
	–
	5350 MHz

	n46c
	5470 MHz 
	–
	5725 MHz
	5470 MHz
	–
	5725 MHz

	n46d
	5725 MHz 
	–
	5925 MHz
	5725 MHz
	–
	5925 MHz



Proposal-2: Define 20MHz CBW for band n46.
Proposal-3:The following NDL and NUL are allowed for operation in Band 46 assuming 20MHz channel bandwidth: NDL =NUL = {n-2, n-1, n, n+1, n+2 | n = 46890 (5160 MHz), 47090 (5180 MHz), 47290 (5200 MHz), 47490 (5220 MHz), 47690 (5240 MHz), 47890 (5260 MHz), 48090 (5280 MHz), 48290 (5300 MHz), 48490 (5320 MHz), 48690 (5340 MHz), 50090 (5480 MHz), 50290 (5500 MHz), 50490 (5520 MHz), 50690 (5540 MHz), 50890 (5560 MHz), 51090 (5580 MHz), 51290 (5600 MHz), 51490 (5620 MHz), 51690 (5640 MHz), 51890 (5660 MHz), 52090 (5680 MHz), 52290 (5700 MHz), 52490 (5720 MHz), 52740 (5745 MHz), 52940 (5765 MHz), 53140 (5785 MHz), 53340 (5805 MHz), 53540 (5825 MHz), 53740 (5845 MHz), 53940 (5865 MHz), 54140 (5885 MHz), 54340 (5905 MHz)}.
Proposal-4: The NR-U channel access structure in 5GHz spectrum for Type B multi-carrier transmission shall follow ETSI BRAN spec EN 301 893. 

	R4-1901648, Discussions on bandplan for 6GHz NR-U,
Ericsson
	Observation 1: both US and Europe are considering the unlicensed usageusage within 5925-6425MHz spectrum.
Observation 2: Bandplan for 6425-7125MHz will depend on outcome of the regulatory discussions in different parts of the world.



Discussion:
5GHz band plan:

6GHz band plan:
Agreement:
5GHz:

6GHz:
Spectral utilization
	R4-1900662, Spectrum utilization improvement in unlicensed bands, Huawei, HiSilicon
	Proposal: Increase number of PRBs to 26 for 60kHz (93.6%) subcarrier spacing, 20MHz channel bandwidth.

	R4-1900979, On spectrum utilization for NR-U, Ericsson
	Following needs to be considered: 
· Unwanted emissions
· Signal quality and EVM
· Net gain in spectral efficiency
· Inter-Symbol Interference
· Complexity
· Receiver ACS and narrowband blocking
· Need for switching of filters

	R4-1901336, Discussion on increasing of PRBs number for NR-U, 
Nokia, Nokia Shanghai Bell
	Observation 1. For NR-U 30 kHz subcarrier spacing is the most important scenario with 20/40/60/80 MHz channel bandwidth
Observation 2. NR Spectrum utilization for the most important for NR-U SCS and CBW combinations is high and may be reused.



Discussion:

Agreement:



Sync raster for NR-U 
	R4-1901527, Synchronization raster in NR-U, Qualcomm Incorporated
	Proposal 1: To have one synchronization raster point in each 20MHz chunk and to pick the closest to the middle of the 20MHz among the ones defined by the global SS raster.
The entry in synchronization raster Table 5.4.3.3-1 in [3] would read:
	NR Operating Band
	SS Block SCS
	SS Block Pattern
	Range of GSCN
(First – <Step size> – Last) 

	nXX
(NOTE)
	30kHz
	Case C
	8993 - <1> - 9530



NOTE: The following GSCN are allowed for operation in 5GHz band assuming 20MHz channelization:
{GSCN = 8999, 9013, 9027, 9041, 9055, 9068, 9082, 9096, 9110, 9124, 9221, 9235, 9249, 9263, 9277, 9291, 9305, 9318, 9332, 9346, 9360, 9374, 9388, 9405, 9419, 9433, 9447, 9461, 9475, 9489, 9502, 9516}

Proposal 2: NR-U operation in 5GHz band will be based on the global frequency channel raster defined in Table 5.4.2.1-1 in [3] with a granularity of 15kHz.
The entry in channel raster Table 5.4.2.3-1 in [3] would read:
	NR Operating Band
	
	Uplink 
Range of NREF 
(First – <Step size> – Last) 
	Downlink 
Range of NREF 
(First – <Step size> – Last) 

	nXX
(NOTE)
	15
	744000 - <1> - 794333
	744000 - <1> - 794333



NOTE: The values of  between 756001 (5340.015 MHz) - <1> - 765333 (5479.995 MHz) are not allowed for operation in 5GHz band

Observation: A similar approach may be followed in the definition of synchronization and channel raster in the 6GHz band once the band is defined.


	R4-1901659, SSB raster of NR-U, 
Ericsson
	Observation#1: The number of SSB frequency points for initial cell search for 5GHz band will be 538, while the NR-U channel number could be much less (in [3], 160 channel is proposed), this will increase the initial cell search time for the UE, in trun increasing the UE power consumption, and not obtaining the benefit of NR design of separate raster for SSB and channel raster.
Based on the above understanding, we propose the following:
Proposal#1: RAN4 to investigate whether the existing SSB raster granularity for frequency range (3000 – 24250 MHz) is suitable for NR-U standalone operation or this needs to be revisited.



Discussion:

Agreement:


UE RF requirements
	R4-1900663, UE requirements on wideband carrier operation for NR-U, 
Huawei, HiSilicon
	Observation 1: RAN4 doesn’t have such kind of requirements for both transmitter and receiver for both BS and UE in current specification.
Observation 2: Maintain LAA adjacent channel requirements within NR-U wideband carrier only with baseband filtering is not feasible even there are guard bands between used and unused RBs.
Proposal: Reuse Wi-Fi approved in-carrier leakage requirement also for NR-U as in Figure 1~3 without dedicated guard tone reserved but with exception of carrier leakage defined in current specification.

	R4-1901528, RF UE Requirements for Wideband Operation, 
Qualcomm Incorporated
	Proposal 1: To define UE in-channel RF receiver requirements for wideband operation in NR-U with the assumption of no RF filter rejection in the gaps where LBT fails.




Discussion:

Agreement:

BS RF requirements
	R4-1900664,	BS requirements on wideband carrier operation for NR-U, 
Huawei, HiSilicon
	Observation 1: RAN4 doesn’t have such kind of requirements for both transmitter and receiver for BS in current specification.
Observation 2: Maintain LAA adjacent channel requirements within NR-U wideband carrier only with baseband filtering is not feasible even there are guard bands between used and unused RBs.
Proposal: Reuse Wi-Fi approved in-carrier leakage requirement also for NR-U as in Figure 1~3, without dedicated guard tone reserved.

	R4-1901333, Discussion on BS RF requirements for NR-U, 
Nokia, Nokia Shanghai Bell
	Proposal 1. NR BS RF core specification requirements in TS 38.104 can be used as a baseline for NR-U BS RF requirement.
Proposal 2: Following NR FR1 transmitter requirements could be reused by NR-U: BS output power, RE power control dynamic range, Transmitter transient period, Frequency error, Modulation quality, Time alignment error, Transmitter spurious emission, Transmitter intermodulation. 
Proposal 3: LAA ACLR requirements shall be reused for NR-U.
Proposal 4. LAA Operating band unwanted emission mask for up to 20 MHz can be reused by NR-U.
Proposal 5. For NR-U for channel bandwidths above 20 MHz additional OBUE masks should be considered.
Proposal 6. Following NR FR1 receiver requirements can be reused: In-band blocking, Out-of-band blocking, Receiver spurious emission, Receiver general intermodulation.
Proposal 7. It is proposed to not introduce narrowband blocking and intermodulation requirement for NR-U.
Proposal 8. For NR-U the need for new reference measurement channels (FRCs) should be considered.
Proposal 9. For NR unlicensed band(s) above 6 GHz, extension of BS Tx and RX requirements from below 6 GHz shall be checked.



Discussion:

Agreement:
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