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Introduction
These meeting minutes document ad-hoc meetings held to discuss NR-U topics on October 15th from 13:30 – 15:45 and October 17th from 16:30 – 18:00 during RAN4 #92bis.  
Agenda
· Channel raster
· Sync raster
· Uplink sub-bands
· Emission mask, single carrier and punctured wideband
· Wideband operation
· Emissions and power backoff
· PC3

Discussion Topics
Channel raster
1. Define channel raster points for 20, 40, 80 MHz channel bandwidths  -- Potential WF to prioritize 20, 40, 80 MHz from main session
a. Separate ARFCN for each bandwidth, or common set for all?
2. Apply coex channel raster to non-coex also  -- already agreed in main session.
3. Define single channel raster for all SCS based on 60 kHz SCS?
a. Follow-up on misalignment coexistence issue brought up by Intel
4. How to accommodate CA?

WF on channel raster R4-1912870 (Ericsson)
Discussion:
Intel:  Are we limited to these proposal or can we find a compromise?
Huawei:  Alt 1a and 2b are aligned
Chair:  Can we all agree to select a single raster based on 60 kHz SCS?
	There was no objection
LGE:  There is no difference between 1a and 1b
Nokia:  1b has 10 MHz points so is the most flexible
Ericsson:  Can choose 10 MHz as a general set, but need to indicate which ones apply for each channel BW
Qualcomm:  We need to have bandwidth limitations to ensure alignment with coex
LGE:  Don’t want to limit channel raster flexibility only for the sake of Europe if other channels can be allowed for other countries
Intel:  Ok with the proposal but would like to minimize the set of KSSB
Huawei:  KSSB is a sync raster discussion.  We’ll get to that.
Chair:  Ericsson to update the WF to reflect the agreement on channel raster.
October 17
For wider channels, should the raster follow WiFi bonding rules?
	Common understanding that at least the channel raster points aligning with WiFi bonding rules shall be available
	Group 1 points should be defined – agreed.
Group 2 points not used by WiFi (e.g., high end of the band, UNII-2B, ) … companies want to check whether regulations allow operation in these frequency ranges
Group 3 points overlapping WiFi channels
		5330, 5490 MHz need checking same as Group 2
5815 MHz is ok to add to NR-U channel raster for 40 MHz
5190 MHz is ok to add to NR-U channel raster for 80 MHz
5795 MHz is ok to add to NR-U channel raster for 80 MHz
	Group 4: 60 MHz within an 80 MHz bonded WiFi channel
60 MHz aligned with the low frequency edge of an 80 MHz bonded WiFi channel
60 MHz aligned with the high frequency edge of an 80 MHz bonded WiFi channel  (Need time to check WiFi bonding rules)
	Group 5:  60 MHz partially overlapped with 80 MHz bonded WiFi channel
		

Sync raster
1. Define GSCN = {8996, 9010, 9023, 9037, 9051, 9065, 9079, 9093, 9107, 9121, 9218, 9232, 9246, 9260, 9273, 9287, 9301, 9315, 9329, 9343, 9357, 9371, 9385, 9402, 9416, 9430, 9444, 9457/9458, 9471, 9485, 9499, 9513} 
2. Define by rule/equation instead?


WF for sync raster R4-1912871 (Qualcomm)
Discussion:
Ericsson:  Prior understanding was that sync could be revisited after agreement on channel raster.  Not sure that 3 RB’s is the final number yet because we don’t know the required guard band
ZTE:  Same view as Ericsson
LGE:  Do we need greater flexibility with the guard band?  Do we need more margin by shifting SSB upwards?
Futurewei:  Are these based on 30 kHz SCS?
Qualcomm:  Agreeing on sync raster w/o knowledge of other parameters may be challenging.  Maybe partial agreement is possible?
Ericsson:  In the case of multiple SSB transmission, will you also multiplex data?  Does this impact intra-band emissions and guard band?
Nokia:  Ok that this is a starting point subject to definition of required guard band
Qualcomm to update WF to account for agreed channel raster and possible shift of points as well as indicating that the proposed values are conditioned on NR minimum channel guard bands.  If it is later found that larger guard bands are needed, the SSB points would need to change.
Ericsson:  Shall we send the LS to RAN1 to inform?
Chair:  Maybe we should wait until we have better understanding of the guard band required.  What is the urgency in RAN1?
Huawei:  A shift in SSB amounts to 1.4 MHz increase.  It is unlikely that any guard band will be larger than that.  Maybe these values are good enough even with some guard band uncertainty.
 October 17
Proposal: GSCN = {8996, 9010, 9024, 9037, 9051, 9065, 9079, 9093, 9107, 9121, 9218, 9232, 9246, 9260, 9274, 9287, 9301, 9315, 9329, 9343, 9357, 9371, 9385, 9402, 9416, 9430, 9444, 9458, 9471, 9485, 9499, 9513}.  See WF for conditions.
Nokia:  Would like to specify offset of minimum 3 PRB’s.  In case larger guard bands are found to be needed.
Clarification of non-contiguous sub-bands
LBT “all-or-nothing” is already agreed for uplink.  Only transmit in the uplink if all LBT sub-bands pass CCA.
Options for uplink transmission
1. Contiguous only and only in the center of the wideband channel
2. Contiguous only anywhere within the wideband channel
3. Contiguous and non-contiguous
4. Only if all sub-bands within wideband channel are allocated
From the main session, majority view is to focus contiguous UL sub-bands in Rel-16, not restrict RAN1 how they want to schedule, will not preclude future possibility
LS to RAN1 in R4-1912866 (Qualcomm)
Discussion:
No progress so far
October 17
Nokia:  Suggest wording change “within the scheduled UL transmission”
Agreeable with this change.

General emission mask for uplink (single carrier)
1. NR general mask 
a. Allows greatest maximum output power
2. Relative mask derived from 802.11xx/ETSI 
a. Provides better coexistence with WiFi

WF from main session:  Start with “figure 1” from Nokia as general mask.  Revisit depending on companies’ analyses.
Discussion:
Qualcomm:  Unclear what is the criteria or basis for revisiting
LGE:  NR general mask may not provide greatest output power for interleaved waveform since the 0 dB reference is much higher
Qualcomm:  Data provided against various emission masks in R4-1912487                
October 17
Charter:  Suggest that the chairman’s potential WF (Nokia “figure 1” mask) be used for further analysis
Huawei:  What type of analysis is expected?
Qualcomm:  MPR and coex
Qualcomm:  Our plan is to simulate against multiple masks – NR general, Nokia “figure 1”, and one that is more stringent
Charter:  Goal is to provide fair coex with encumbents
Nokia:  Need to be precise about what is meant by “figure 1” mask.  From R4-1911609
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Figure 1  General spectral emission mask	

Table 1: Definition of interception points in Figure 1
	 

	a
[MHz]
	b
[MHz]
	c
[MHz]
	d
[MHz]

	General SEM
	0.5 x N
	0.5 x N + 1
	N
	1.5 x N

	Note: N is the nominal bandwidth. 



Qualcomm:  We agree with coex but we also have to consider what it means to NR-U’s link budget
Skyworks:  Should also align on which waveforms.  Suggest at least Interlace-0, full allocation, CP, DFT-S, 15 kHz SCS, QPSK.  Should clarify whether interlace waveform is only CP-OFDM; i.e., DFT-S is not supported for interlace?
Futurewei:  What bandwidth?
Chair:  This is single carrier, so 20 MHz.
General emission mask for wideband UL and DL with puncturing
1. Emissions required between allocated LBT sub-bands
a. If the gap is one sub-band vs. multiple sub-bands
2. Emissions required within the channel but at the edge outside of allocated LBT sub-bands
3. Emissions required outside of the channel
4. UL and DL are the same or different?
WF on Punctured emissions R4-1912868 (Charter)
Discussion:
Chair:  is fair coex the only criteria by which we choose to select a mask?
Charter:  Not the only one, but one of the most critical
Huawei:  802.11ax provides fair coex.  For 802.11ac is relatively narrowband.  For fairness, should consider 11ax rather than ac.
Skyworks:  In 5 GHz, we should expect ac, ax, and LAA.  Assume ax mask was derived by IEEE to provide coexistence.  The mask may be different between basestation and UE.  -20 dBr may not be fair coex to LAA.  AP is doing much better than -20 dBr.  The mask is not the limiting factor for coexistence in practice.
Ericsson:  Agree with Skyworks that -20 dBr would not be fair to LAA and WiFi systems.
CableLabs:  Agree with concerns on coexistence.  It is true that the only spec in existence today for punctured coex is -20 dBr, but there are other requirements that ensure the coex.
Chair:  If IEEE 802.111ax WiFi has not taken great care to protect IEEE 802.11ac WiFi, why is 3GPP obligated to do so?
Charter:  Most operators have both WiFi and 3GPP deployed.  This is the motivation.
Qualcomm:  Has anybody done analysis to check whether proposed values fulfil coexistence?
Ericsson:  FCC allowance of -20 dBr has other side conditions associated with it.  Our understanding is that the effective requirement is -26 dBr.
Skyworks:  Our proposal on ACLR of 27 dB for PC5 provides the same absolute emission power as NR.
Huawei:  FCC requirement is “or” wherein one of the options is -20 dBr
Charter:  There is currently companies in IEEE challenging the preamble puncture mask in ballot.
Nokia:   Puncturing could be handled by an ACLR requirement instead/in addition to mask.
October 17
Skyworks:  in light of the agreement to prioritize contiguous UL sub-bands, how does this mask apply?
Qualcomm:  The mask applies to the DL.  For the UL, edge gaps apply for a contiguous UL transmission.
Huawei:  What is the mask for a single gap at the edge?
Charter:  The masks applies at the edge as well as the interior.  The diagram showing puncture in the middle is only an example.
WF is agreeable.
ACLR for uplink
1. For PC5, proposals are 25.5 (Qualcomm), 26 (Huawei, Intel), 27 (Nokia, Skyworks), 28 (Ericsson)
a. Many contributions integrated an 802.11xx mask, while other contributions reasoned that at MOP of 20 dBm, the proposed ACLR would give same absolute adjacent noise power as 23 dBm with 30 dB ACLR
b. Average approach shown below
i. Ratio of 20 dBm MOP to linear average of power in the adjacent channel 
	
	ACLR
	mW

	QC
	25.5
	0.281838

	Huawei
	26
	0.251189

	Intel
	26
	0.251189

	Nokia
	27
	0.199526

	Skyworks
	27
	0.199526

	Ericsson
	28
	0.158489

	
	
	

	Average
	26.58333
	26.50477



2. For PC3, proposals are 30 dB (same as NR), PC5 ACLR + 3 dB, PC5 ACLR + [value less than 3 dB]
a. 30 dB to be the same as NR
b. ACLR + 3 dB to give same absolute adjacent channel noise level as PC5
c. ACLR + [value less than 3 dB] to take into account Tx power CDF

3. If a relative SEM is agreed (i.e., derived from 802.xx/ETSI) as general emission requirement, then an ACLR requirement is not specified.
a. ACLR is redundant if it is anyways derived from Tx mask and if they are both relative dBc requirements
Discussion:
Skyworks:  Why not keep ACLR of 27 dB and put the ETSI/IEEE masks under NS for PC5?  
Ericsson:  if it helps to move forward, Ericsson is ok to agree to 27 dB ACLR for PC5 and 29 dB ACLR for PC3.

Intra-carrier guard bands
Already agreed that intra-band carrier guard bands are a multiple of PRB’s
Companies propose at least the same as sum of min guard bands between adjacent sub-bands
Guard bands are smallest PRB based on sum of adjacent guards (5, 6, 5, 6 …)
Guard bands are smallest PRB based on individual guard bands and then summed (6, 6, 6, 6…)
Other proposals on placement of sub-bands
Is there any relationship between UL and DL?  i.e., channels, sub-bands are aligned?
WF on guard band R4-191269 (Nokia)
Discussion:
Skyworks:  Why do we lose 1 RB to align to WiFi which has +/- 200 kHz tolerance anyways?
Qualcomm:  Prefer rounding PRB’s on a per sub-band basis rather than rounding the sum of guards between two guardbands.  The UE needs to be able ensure that sufficient guard band is available regardless of where the channel edge lies within the guard.
Nokia:  This is what we’ve done
Ericsson:  Guard bands should be aligned between different bandwidth configurations. 
Apple:  Guard bands differ depending on bandwidth.  But since we round up to PRB’s, this is inherently covered but this should be clear.
Skyworks:  For the wideband channel, we should use the wideband guard at the edge.  The problem pointed out by Qualcomm may not exist.  Need to check.
October 17
Options 1 and Options 2, but other options are not precluded 
Skyworks:  Is the ability to scheduling within Type 1 guard bands downlink only?
Nokia:  Yes
Apple:  Please include these comments into the WF.  Does optionality mean that the UE can optionally support in Rel-16, or that specs may or may not be included in Rel-16?
Nokia:  We want to preserve future compatibility even if not included in Rel-16
Agreement:  Scheduling in Type-2 intra-carrier GBs is not feasible

Maximum output power and power backoff
Simulation results and/or measurements have been provided by several companies at least for PC5.  But how do we align and compare the results?  Is it acceptable to have a MOP for which there is no waveform that is required but is allowed to meet it (i.e., MPR > 0 for all waveforms)?
1. Absolute power at antenna output
a. PA model, reuse WiFI PA for STA (not AP)
b. Front-end loss 
c. Offset to worst case production and temperature
2. Emission masks, ACLR, spurious emissions for lower order modulations
a. Until agreement, suggest simulating all options if possible
3. EVM for higher order modulation.
4. In-band emissions hasn’t been defined yet.  Similar to eLAA?
Discussion:
Skyworks:  We are using mobile phone PA’s for WiFi.  Not having a waveform with MPR=0 is possible for PC3.  For PC5, there may be room considering the +/-2 dB tolerance.  Suggest to start with QPSK for alignment.
LGE:  Agree with Skyworks proposal to start with QPSK.  Then can in parallel investigate the linearity budget for higher order modulation.
Qualcomm:  A budget was previously considered for NR 256QAM, but that was for PC3.
Charter:  One concern with reusing WiFi PA’s is that they are designed for different PAPR than LTE.
Skyworks:  WiFi waveform is also OFDM.  What is WiFi power capability compared to modulation order?  There is no MPR concept in WiFi.  Usually, PA is EVM limited at highest modulation and power is increased from that for lower modulations.

Power class (PC3)
How much power gain can we expect from PC3 compared to PC5?
How do we add it into the specification?
	If we add it in Rel-17, can we make it release independent to Rel-16?
Requirements for PC3
Discussion:
Skyworks:  Purpose of interleaved waveform is to increase range compared to WiFi.  But the max power for interleaved waveform won’t differ much between PC5 and PC3.  So PC3 will not likely enable increased range.
Apple:  Agree that workload is challenging for Rel-16.  Suggest Rel-17 to make release indep to Rel-16.
Charter:  Limiting to PC5 or delaying PC3 would hamper the NR-U technology compared to competing technologies in 5 GHz.
Chair:  Is PC5 NR-U uncompetitive in terms of uplink link budget compared to any other 5 GHz technology today?
Ericsson:  PC5 can be the default power class.  EIRP is 23 and we need margin so PC5 makes sense.  But in upper band, higher output power is possible.
Charter:  We want to avoid the work of requesting a new WID if it can be done within the scope of this existing WID.
Qualcomm:  If it is just one more meeting, it may be possible to get an extension to the work item.  But we need at a minimum to complete baseline specs for PC5.  So propose to prioritize PC5.
Charter:  For EN-DC scenario (i.e., DC_48-n46), we think that a limit of PC5 in NR-U will be too limiting.
Chair:  PC5 does not have to do with EN-DC 

Conclusion, agreements, and way forwards
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