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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#82, the WID [1] of NR-based Access to Unlicensed Spectrum was approved. One of the objective is to specify the wideband operation procedure in RAN1 and RAN4. 
· RAN1
· Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz). [RAN1]

· RAN4
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 2). [RAN4]
In the Technical Report of SI [2], the following candidates were listed and will be down selected in WI.
· 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
· For UL 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 PUSCH on one or more BWPs
· Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP
· Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP
· Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE
· It is noted that CCA is declared to be successful or not in multiples of 20 MHz.
· Detailed design and potential selection from the above options can be further discussed when specifications are developed considering protocol and RF aspects. 
After RAN1#95, a LS [3] was received from RAN4 mentioned that
· RAN4 understands that there are potential challenges to define such requirements for some of the transmission options as shown in the LS (more than 20MHz transmission bandwidth when LBT fails in any “internal” LBT sub-band in the transmission bandwidth). However, for transmissions spanning multiple contiguous LBT sub-bands, requirements can be specified. RAN4 will study all these further in future meetings.
In this contribution, we further discuss and compare all these four options. We propose that NR-U should support option1a and option 3 considering its obvious performance gain and acceptable standard impact.  
Dynamic transmission bandwidth adaptation
When free of narrow band operation of coexistence systems cannot be guaranteed, subband LBT performed in units of 20MHz is necessary for transmitter to avoid using the subband already occupied. Option 1a, 1b and 3 can dynamically adapt transmission bandwidth based on LBT results while option 2 only allows transmission when all subband LBT succeed. In Figure 1, it is observed that system suffers around 16% UPT loss when wideband transmission is only allowed if all LBT subbands succeed channel contention. The simulation assumption is attached in appendix. 

[bookmark: _Ref533529217]Figure 1 UPT comparison of NRU with and without dynamic transmission bandwidth adaptation when coexists with 20MHz coexisting systems 
[bookmark: _Ref528079263]Proposal 1: When a carrier with bandwidth larger than 20MHz is configured, NRU should support transmission on parts or whole carrier bandwidth where CCA is successful.
Review of active BWP switching operation in NR licensed carrier
Option 1b achieves dynamic transmission bandwidth adaptation by active BWP switching. It is supported in NR R15. In current design, active BWP switching can be performed via scheduling DCI or a timer-based mechanism or RRC reconfiguration. 3GPP RAN4 has discussed a number of aspects associated with BWP reconfiguration scenarios and the associated switching delays. The minimum BWP switching time is 750us assuming 60 kHz SCS [4]. gNB can transmit scheduling DCI for BWP switching after acquiring the new BWP. However since gNB can only generate this DCI after LBT, there exists a delay between acquiring the new BWP and transmitting DCI. All these delay before the transmission will reduce the channel access efficiency in unlicensed carrier, especially when the channel occupancy time is small. On the other side, gNB can transmit the scheduling DCI for BWP switching before acquiring the new BWP. However there would be a mismatch between the previous scheduling DCI and available BWP after LBT. In summary, the current BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT especially due to the switching delay.
[bookmark: _Ref528079154]Observation 1: BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT due to the switching delay. 
Enhancements on BWP operation in NR unlicensed carrier 
From the RAN1 perspective, there are following two approaches to achieve dynamic transmission bandwidth adaptation. 
Multiple active BWPs (option 1a)
One approach is to activate multiple non-overlapping BWPs for a UE within a wide component carrier, as illustrated in Figure 8. To maximize the resource utilization efficiency, the BWP bandwidth can be the same as the bandwidth of LBT subband, i.e. LBT is carried out on each BWP. Since more than one LBT subband can succeed, this approach requires the UE to have the capability of supporting multiple narrow RF bandwidths or a wide RF bandwidth which includes these multiple active BWPs. Since all BWPs are active simultaneously for a UE, there is no BWP switching in this approach. The operation of each active BWP is independent of the others, which has the following benefits
· Each BWP is scheduled independently. One TB is transmitted over each active BWP (if corresponding LBT succeeds), and so, link adaptation gain can be achieved by adapting the MCS of the TB transmit over each BWP based on the narrowband CSI of the BWP. 
· The BWP operation per active BWP is a limited version of the BWP operation supported in NR Rel-15 (e.g. BWP switching is not supported here). Therefore, the BWP operation of NR Rel-15 can be reused for each active BWP here.
[image: ]
[bookmark: _Ref528585887]Figure 2 Option 1a for BWP operation in NR unlicensed carrier
The HARQ-ACK codebook for multiple BWPs may be pointed out. It should be noted that both semi-static and dynamic HARQ-ACK codebook for CA have been specified in NR Rel-15. The HARQ-ACK codebook for multiple BWPs can reuse the principle of HARQ-ACK codebook generation for CA by using BWP ID instead of serving cell index for single cell case. For semi-static HARQ-ACK codebook, UE determines the candidate PDSCH occasions and corresponding codebook for each active BWP and aggregate them for the whole wideband serving cell. For dynamic HARQ-ACK codebook, BWP-wise counter-DAI and total-DAI can be introduced as well as carrier-wise DAI. 
Single active BWP (option 3)
Another approach is to activate single wideband BWP for a UE within a component carrier, as illustrated in Figure 3. The bandwidth of wideband BWP can be in multiple LBT subband. For example, if the LBT subband is 20MHz in 5GHz band, the wideband BWP can consist of multiple 20MHz. The actual transmission bandwidth is subject to subband LBT success, which will result in dynamic transmission bandwidth within this active wideband BWP. 
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[bookmark: _Ref533529856]Figure 3 Option 1a for BWP operation in NR unlicensed carrier
Impacts on PDSCH/PDCCH
Considering the hardware restriction, it usually takes some time for the gNB to schedule and prepare the transmission in advance before LBT. The LBT subband(s) available for DL transmission might be different from those scheduled. Similar as the case in time domain, gNB should also avoid changing the pre-determined TBS at least at the beginning of the gNB’s COT, in order to avoid additional gap between end of LBT and start of transmission. For the rest of COT, gNB has enough time to re-schedule based on the acquired bandwidth. Several candidates can be considered for gNB to handle the mismatching between the scheduling and transmission at beginning of COT, similar as the discussion in time domain for flexible start point.
Alternative 1: gNB could schedule one or multiple PDSCH(s), each restricted within an LBT subband at beginning of COT, e.g. 1st slot/mini-slot, as plotted in Figure 4. If LBT on certain LBT subband fails, gNB just drop the PDSCH on that LBT subband. gNB can schedule these multiple PDSCH(s) multiple PDCCH on the corresponding LBT subband where PDSCH is scheduled.
Alternative 2: gNB could schedule one PDSCH across multiple LBT subband assuming all of them are available. If LBT on certain LBT subband(s) fail, gNB punctures the corresponding RE on those LBT subband(s). As CBG based feedback and retransmission is supported in NR R15, gNB could only retransmit the CBG affected by LBT subband puncturing. Further enhancement can be considered to restrict mapping a CBG within the LBT subband. It could minimize the number of CBG affected due to LBT subband puncturing, as plotted in Figure 4.
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[bookmark: _Ref533600711]Figure 4 PDSCH and PDCCH in single wideband BWP 
It is beneficial for the UE to know about the actual transmission bandwidth from gNB. UE could adjust baseband filter at receiver to improve ACS performance. If alternative 2 were adopted, the RE punctured could be excluded from decoding of initial transmission or combination of retransmission. The transmission bandwidth can be either indicated implicitly. For example, UE could detect initial signal on each LBT subband of the configured wideband BWP assuming gNB would transmit initial signal on each transmitted LBT subband. The transmission bandwidth indication could also be carried in group common PDCCH. It can reduce times of blind detection of initial signals and false detection rate. The GC-PDCCH can transmit together with initial signal at beginning of the COT (pre-indication) or transmit in the earliest pre-defined GC-PDCCH monitoring occasion within the COT (post-indication). Some guard tones between adjacent LBT subband might be reserved at beginning of COT, which facilitate UE to reliably detect indication of actual transmission bandwidth indication.    
Impacts on PUSCH/PUCCH
The mismatch between resource allocation in UL grant and LBT outcome becomes even more severe, as gNB has no idea about the LBT result to be performed by UE later.  Similar as PDSCH, two alternatives are possible.
Alternative 1: gNB schedules multiple PUSCH(s) each located within a LBT subband based on PRB-based interlace design for one LBT subband (e.g. 20MHz). UE does not transmit PUSCH on the LBT subband(s) which fails LBT.
Alternative 2: gNB schedules single PUSCH based on PRB-based interlace design of the wideband BWP (e.g. 80MHz). UE punctures the PRB(s) on the LBT subband(s) which fails LBT. gNB is able to schedule partial interlace corresponding to part of LBT subbands when UE do not have enough data to fill the whole wideband interlace. Further enhancement can be considered to restrict mapping a CBG within the LBT subband.   
Alternative 2 has the benefits of higher spectrum utilization (no guard tone) and less HARQ processes consumption compared with alternative 1. The detail interlace design can be referred to our companion tdoc [5]. gNB can identify the UL transmission bandwidth as well as of the start point of PUSCH by detecting the UL DMRS at beginning of slot(s). 
A PUCCH resource should be restricted within one LBT subband in order to avoid partial puncturing of UCI due to LBT failure. When PUCCH format(s) of PRB-based interlace design is configured, it occupies PRB of a partial wideband interlace. Multiple PUCCH resource can be configured in different LBT subbands. UE can select one of the resource to feedback even if LBT failure occur on part of LBT subband. Detail can refer to our companion tdoc [6]. 
Proposal 2: NRU could consider option 1a and option 3 for PDSCH and PUSCH in order to achieve fast transmission bandwidth adaption according to LBT outcome in frequency domain when serving cell is configured with bandwidth larger than 20MHz.
Contiguous or non-contiguous transmission in frequency domain 
In order to minimize the switch delay, retuning of local oscillator and reconfiguration of RF chain (e.g. center frequency and bandwidth of analog filter) should be avoided. In such case, a wideband RF should be activated corresponding to the bandwidth of component carrier. Depending on the RF requirement of inband leakage at transmitter and ACS at receiver (to be discussed in RAN4), baseband (digital) filter(s) adjustment according to the transmission bandwidth as well as PRB nulling could be adopted. We discuss the RF issues in detail in our companion tdoc [7]. According to RAN4 response, it is feasible to specify RF requirement at least for transmissions spanning multiple contiguous LBT sub-bands. Thus, some constraints on the transmission bandwidth adaption in wideband serving cell might be set. For example, gNB could still transmit on multiple noncontiguous LBT suband(s), each contiguous part corresponding to a PDSCH to a different UE as illustrated in Figure 5(a). In UL, UE may transmit on the maximum contiguous portion of the bandwidth where LBT succeeds as illustrated in Figure 5(b).
[image: ]
[bookmark: _Ref534818896]Figure 5 Contiguous transmission when LBT fails in “internal” LBT sub-band 

[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed wideband operation in NR-U mainly from RAN1 perspective. The following observations and proposals were achieved.
Observation 1: BWP switching mechanism in NR licensed carrier is not sufficient to support dynamic bandwidth adaption after LBT due to the switching delay. 
Proposal 1: When a carrier with bandwidth larger than 20MHz is configured, NRU should support transmission on parts or whole carrier bandwidth where CCA is successful.
Proposal 2: NRU could consider option 1a and option 3 for PDSCH and PUSCH in order to achieve fast transmission bandwidth adaption according to LBT outcome in frequency domain when serving cell is configured with bandwidth larger than 20MHz.
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Appendix
Table 1 simulation assumption of wideband operation
	Simulation scenario
	Indoor Sub-7GHz, 3+3 TRPs with indoor mixed office model (a-b-a = 20-40-20)

	Carrier Frequency
	5GHz

	Number of users per operator
	5 per gNB per 20MHz

	Channel bandwidth
	NR-U: 80MHz
802.11ac: 20MHz per AP randomly distributed within NR-U’s operating bandwidth 

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	UE receiver
	MMSE-IRC as the baseline receiver

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	DL/UL mixed traffic, FTP3 with packet size of 0.5Mbyts for both DL and UL traffic.


[bookmark: _GoBack]
80MHz, DL, UPT

With dynamic LBT 	Low	Medium	High	288.75200000000001	259.20960000000002	211.33940000000001	Without dynamic LBT	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

Low	Medium	High	280.46359999999999	243.45660000000001	178.38910000000001	-2.9%	-6.1%	-15.6%	
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