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Introduction
In RAN1#96b, UE LBT behavior in UL wideband operation has been discussed and subject to an LS towards RAN4. The default assumption is that there is no transmission if LBT is failed in any bandwidth part. In this contribution we explore an UL LBT operation which enables better use of the spectrum and avoids cases where significant MPR would anyhow compromise the link.
Discussion
Input from RAN1 LS
RAN1 to RAN4 LS on UL wideband operation covers current RAN1 agreements and request to RAN4 to provide feasibility of Alternative 2, the text in italic below is extracted from the LS.

Agreement:
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH

RAN1 identified two alternatives for wideband NR-U carrier operations in UL. For Alt. 2, RAN1 respectfully asks RAN4 to provide feedback on feasibility with or without potential transmission restrictions on a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE, and necessity of guard bands within the scheduled PUSCH.

We believe that Alternative 1 is far too restrictive and would result in poor NR-U UL performance especially in crowded spectrum like the unlicensed 5 GHz band, and would also prevent to fully benefit of the opening further spectrum above 6 GHz. In the following paragraphs, we look at Alternative 2 and especially evaluate if some restrictions should apply.
Contiguous and non-Contiguous UL MPR
In order to evaluate the maximum power achievable when transmitting contiguous and non-contiguous BWPs, required back-off has been evaluated by measurements for two cases:
· Contiguous case using two contiguous 20 MHz channels
· Non-contiguous case using two 20 MHz channels separated by a 20 MHz gap
Although using two 20 MHz channels may not have the same SU than what will be used for UL BWPs of 20 MHz when accounting for potential guard bands, the relative maximum power capability should apply. The measurements are done without the RF transceiver impairments and the impact of those is discussed later in this paragraph. 
The back-off has been measured in the contiguous and non-contiguous case will fully allocated carriers and using the ETSI mask or its equivalent 27dBc ACLR (based on study made in [2] for single carrier):
· For 20 MHz single carrier, the maximum output power dictated by 802.11ax power is form [2]:
· 26. 3 dBm / 20MHz for DFT-s-OFDM
· 24.2d dBm / 20MHz for CP-OFDM
· For 20+20 contiguous case the power capability has been measured with 40 MHz 802.11ax mask and is dictated by the mask in the 40 MHz adjacent region.
· 23.9 dBm / 40 MHz for DFT-s-OFDM
· 21.8 dBm /40 MHz for CP-OFDM
· For the 20+20 MHz with 20 MHz gap non-contiguous case the main issue as shown in Figure 1 is to meet the -40 dBr mask limit 20 MHz away from the channel edge which is where the IMD3 of the two carriers sits.
· At the -40 dBr limit, the power per carrier is 16.7dBm or a total power of 19.7dBm for DFT-s-OFDM
· Although measurements are available at the time of the deadline CP-OFDM value could not be analyzed but should be slightly worse
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Figure 1: Spectrum of 20MHz + 20MHz CCs with 20MHz gap. 
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If we look at the PSD/MHz	for the different cases:
· Single 20MHz carrier: 13 dBm/MHz DFT-s-OFDM, 11 dBm/MHz CP-OFDM
· 20+20 MHz contiguous: 8 dBm/MHz DFT-s-OFDM, 6 dBm/MHz CP-OFDM
· 20+20 MHz non-contiguous carriers: 4 dBm/MHz DFT-s-OFDM

Observation: with almost 10dB lower PSD, the two non-contiguous carrier case is significantly lower link performance than using a single carrier. 
One further aspect to consider when transmitting on subset of contiguous BWP is the fact that depending on their position with regard to the LO, the LO feedthrough and image leakage may fall into an unsuccessful LBP BWP and thus would need to also meet out of band emissions like SEM and/or ACLR. Here there are multiple aspects to be considered, first the NR assumption is that both carrier and image are at 28 dBc and thus it should easily meet the 802.11ax mask but also if ACLR is relaxed to at least 27 dBc as discussed in our contribution on NR-U power class this would not be an issue.
In any case, we believe that better carrier and image leakage levels are feasible, especially when transmitting at maximum power as is likely for NR-U UL. Especially state-of-the-art Wi-Fi transmitters need to meet 30 dBc EVM while the most advanced solution meets 40 dBc EVM to support 1024 QAM. It is thus feasible to obtain at least 30 dBc leakage and image rejections. If it may not be the minimum requirement for all UEs, it can at least be a UE capability together with the support of UL transmission in contiguous successful LBT BWP.
UL LBT Rules Proposed for Study in Release 16
Given the ~9 dB lower output power when using non-contiguous BWPs, it is likely better to use only one BWP at the total power rather than two BWPs sharing the power and with the related additional MPR. For contiguous BWP though the PSD is only 2 dB lower than the one due to the bandwidth spread.

Though, avoiding transmission on non-contiguous BWP, it should be feasible to transmit in a subset of successful LBT BWP using following rules:
1. Transmission on largest contiguous successful LBT BWPs, including single BWP.
2. If LBT is successful into equal contiguous LBT BWP, on lowest frequency successful contiguous LBT BWPs is used for transmission
Table 1 illustrates the application of these rules to an example with 100 MHz wideband operation with 5 LBT BWP.
Table 1: Example of LBT rule for 5x20 MHz BWP
	0-2/5 successful LBT
	3-5/5 successful LBT

	successful LBT BWP
	transmitted UL BWP
	Missing BWP
	successful LBT BWP
	transmitted UL BWP
	Missing BWP

	case
	#
	case
	#
	
	case
	#
	case
	#
	

	00000
	0
	none
	0
	0
	00111
	3
	BWP234
	3
	0

	00001
	1
	BWP4
	1
	0
	01011
	3
	BWP34
	2
	1

	00010
	1
	BWP3
	1
	0
	01101
	3
	BWP12
	2
	1

	00100
	1
	BWP2
	1
	0
	01110
	3
	BWP123
	3
	0

	01000
	1
	BWP1
	1
	0
	10011
	3
	BWP34
	2
	1

	10000
	1
	BWP0
	1
	0
	10101
	3
	BWP0
	1
	2

	00011
	2
	BWP34
	2
	0
	10110
	3
	BWP23
	2
	1

	00101
	2
	BWP2
	1
	1
	11001
	3
	BWP01
	2
	1

	00110
	2
	BWP23
	2
	0
	11010
	3
	BWP01
	2
	1

	01001
	2
	BWP1
	1
	1
	11100
	3
	BWP012
	3
	0

	01010
	2
	BWP2
	1
	1
	01111
	4
	BWP123
	4
	0

	01100
	2
	BWP12
	2
	0
	10111
	4
	BWP234
	3
	1

	10001
	2
	BWP0
	1
	1
	11011
	4
	BWP01
	2
	2

	10010
	2
	BWP0
	1
	1
	11101
	4
	BWP012
	3
	1

	10100
	2
	BWP0
	1
	1
	11110
	4
	BWP0123
	4
	0

	11000
	2
	BWP01
	2
	0
	11111
	5
	BWP01234
	5
	0



Observations for 5 LBT BWP, Out of 32 cases:
· 16 cases don’t miss any of the available successful LBT BWPs
· 14 miss one BWP => retransmission of one BWP
· 2 miss two BWP => retransmission of two BWP

Proposal for Release 16 NR-U WI scope:
· UL transmissions in contiguous successful LBT BWPs is further studied in relation to the leakage requirements in the BWP that are not used including possible relaxation on SEM and ACLR in the regions where it is applicable
· It is FFS if this is a minimum UE requirement or a UE capability
Conclusions
In this contribution, the required back-off needed for contiguous or non-contiguous successful LBT BWP transmission is evaluated with measurements. The results allowed formulating rules for usage of successful LBT for UL transmissions by the UE and providing an early feedback to RAN1 LS [1]. Based on this, we make the following proposal for NR-U Release 16 work item scope.

Proposal for Release 16 NR-U WI scope:
· UL transmissions in contiguous successful LBT BWPs is further studied in relation to the leakage requirements in the BWP that are not used including possible relaxation on SEM and ACLR in the regions where it is applicable.
· It is FFS if this is a minimum UE requirement or a UE capability.
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