3GPP TSG RAN WG1 Meeting #96bis	R1-1903932
[bookmark: _GoBack]Xi’an, China, April 8th –12th, 2019

Agenda Item:	7.2.2.2.5
Source:	Huawei, HiSilicon
Title:	NRU wideband BWP operation
Document for:	Discussion 

[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 RAN1 Ad Hoc meeting 1901[2], RAN1 decide to adopt both option 2 and option 3 in DL BWP as following.
Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontinuous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.
Agreement:
· Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.
· Inform RAN2 of this decision
Considering multiple active BWP is not supported in R16, there are still 2 options for PUSCH remaining [3] to down select
· 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
In this contribution, we will further discuss the benefit to support dynamic transmission bandwidth in PUSCH (option 3). Meanwhile, the indication of transmitted LBT subband(s) and enhancements of PDCCH/PDSCH/PUCCH/PUSCH configuration and transmission are also investigated.
Dynamic transmission bandwidth adaptation in UL
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 3 can dynamically adapt transmission bandwidth based on LBT results while option 2 only allows transmission when all subband LBT succeed. In RAN1 Ad Hoc meeting 1901, both option 2 and option 3 were supported for PDSCH. gNB may decide how to transmit based on its own capability. In Figure 1, it is observed that system suffers even larger UPT loss in UL when wideband transmission is only allowed if all LBT subbands succeed channel contention. The simulation assumption is attached in appendix. 
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[bookmark: _Ref533529217]Figure 1 DL and UL UPT comparison of NRU with and without dynamic transmission bandwidth adaptation when coexists with 20MHz coexisting systems 
[bookmark: _Ref528079263]Proposal 1: When an UL carrier with bandwidth larger than 20MHz is configured, NRU should support transmission on parts or whole carrier bandwidth where CCA is successful.
Enhancements on partial BW transmission and receiving 
If option 3 is enabled, a single wideband BWP is activated 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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Figure 3 Option 3 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 multiple PDSCHs, each of which is 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. Each PDSCHs can be scheduled by individual PDCCH on the corresponding LBT subband. According to UE capability in NR R15, these PDSCH(s) should be scheduled to different UE respectively. NR-U gNB could also schedule 2 PDSCHs to the same UE on 2 LBT subbands, considering the latest agreement in multiple TRP/Panel transmission [2] is also applied to NR-U. 
Alternative 2: gNB could schedule one PDSCH across multiple LBT subbands assuming all of them are subband(s). As CBG based feedback and retransmission is supported in NR R15, gNB could only retransmit the CBG affected by LBT subband(s) 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(s) puncturing, as plotted in Figure 4.
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[bookmark: _Ref533600711]Figure 4 PDSCH and PDCCH in single wideband BWP 
Proposal 2: The following two alternatives can be considered for PDSCH scheduling and transmission at beginning of a gNB acquired COT.
· Alternative 1: scheduling multiple PDSCHs, each located within a LBT subband. Do not transmit PDSCH(s) on the LBT subband(s) where CCA fails. 
· Alternative 2: scheduling PDSCH assuming all LBT subbands are available. Puncturing the REs on the LBT subband(s) where CCA fails.
At beginning of a DL burst (1st slot/mini slot), a PDCCH should be restricted within a LBT subband in order to avoid partial puncturing of a DCI. It is also beneficial for a UE to monitor multiple PDCCH searching spaces in different LBT subbands in case CCA fails on part of LBT subbands of a wideband BWP. It is straightforward to configure a UE with PDCCH search spaces associating with CORESET(s) in different LBT subbands and each CORESET limited within a LBT subband. The number of configured CORESET (at most 3 CORESET in NR R15) might be increased considering the bandwidth of BWP and LBT subband. The number of configured search spaces and blind detection could remain same as NR R15. Self-scheduling (PDCCH and PDSCH in the same LBT subband) is also preferred considering UE cannot decoding PDSCH without PDCCH.  In the remaining of the DL burst, a UE can dynamically reduce PDCCH search spacing monitoring in frequency domain given the knowledge of transmitted LBT subband(s).
Proposal 3: At least at beginning of a DL burst, UE should be configured to monitor PDCCH search spaces associating with CORESETs on different LBT subbands. Each CORESET should be within a LBT subband.
· FFS: Maximum number of configured CORESETs and PDCCH search spaces
· FFS: Dynamic switching of PDCCH search spaces configuration in frequency domain in the COT
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). 
Proposal 4: When dynamic transmission bandwidth adaption (option 3) is adopted to transmit PUSCH, gNB schedules single PUSCH based on PRB-based interlace design of the wideband BWP. UE punctures the PRB(s) on the LBT subband(s) which fails LBT.
A PUCCH resource should be restricted within a 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 subbands. Detail can refer to our companion tdoc [6]. 
Proposal 5: A PUCCH resource should be restricted within a LBT subband.
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 RAN4 tdoc [7][8]. According to RAN4 response, it is feasible to specify RF requirement at least for transmissions spanning multiple contiguous LBT sub-bands. If WiFi requirement is adopted (i.e. -20dBr), only baseband processing is required. There is no difference whether the transmission is contiguous or non-contiguous. However, some restriction can still be considered which simplify UE implementation. For example, gNB could still transmit on multiple noncontiguous LBT subbands, 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).
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[bookmark: _Ref534818896]Figure 5 Contiguous transmission when LBT fails in “internal” LBT sub-band
According to ETSI regulation [9], Load Based Equipment (LBE) may use any combination/grouping of 20 MHz Operating Channels when Type-A multiple carrier channel access mechanism is used. Load Based Equipment that uses a combination/grouping of 20 MHz Operating Channels that is a subset of bonded 40 MHz, 80 MHz or 160 MHz channels, may transmit on any of the 20 MHz Operating Channels when Type-B multi carrier channel access mechanism is used. The channel bonding restriction is only applicable to LBE device use Type-B multi carrier channel access. As long as its configured BWP is a subset of bonded channels, LBE device can transmit on any of the LBT subbands where CCA is successful without any restriction.
Observation 1: There is no restriction on the occupied LBT subbands for LBE device using Type-A multi carrier channel access mechanism
Observation 2: LBE device using Type-B multi carrier channel access mechanism can transmit on any of the LBT subbands where CCA is successful without any restriction as long as its configured BWP is a subset of bonded 40MHz, 80MHz and 160MHz channels as defined in regulation.

Indication of transmitted LBT subband
In the feature leader summary of RAN1#96 meeting [10], two usage scenarios for a UE to recognize the gNB’s LBT outcome were discussed. 
· Scenario 1: Within one carrier or across multiple carriers where the active BWP of each carrier consists of multiple LBT bandwidths
· Scenario 2: Across multiple carriers where each carrier consists of a single LBT bandwidth   
With the knowledge of transmitted LBT subband, the receiver could adjust its baseband filter to mitigate interference from adjacent LBT subbands. The effort on blind detection of physical layer channels on LBT subband not transmitted could be saved. If puncturing were adopted at transmitter, the RE punctured could be excluded from decoding for initial transmission or combination of retransmission. 
Observation 3: Receiver could benefit from the knowledge of transmitted LBT subband(s) in both scenario 1 and scenario 2.
Comparing with indication of “LBT outcome”, it would be more accurate to indicate “transmitted LBT subband(s)”. The transmitted LBT subband(s) might be a subset of successful LBT subband, if transmission restriction on non-contiguous LBT subbands were specified.
Proposal 6: NR-U should specify mechanism(s) to facilitate receiver acquiring knowledge of transmitted LBT subband(s) when operation bandwidth is larger than 20MHz.
In DL, the transmitted LBT subband information can be either indicated explicitly or implicitly. For example, UE could detect PDCCH DMRS on each LBT subband of the configured wideband BWP. Alternatively, the transmitted LBT subband information could also be carried explicitly in group common PDCCH together with the COT structure indication in time domain. Comparing with implicit way, using GC-PDCCH carrying bandwidth is more reliable and could reduce blind detection. gNB can transmit GC-PDCCH at beginning of a COT (pre-indication) and/or in pre-defined GC-PDCCH monitoring occasion(s) within a COT (post-indication). If gNB cannot adjust GC-DCI in GC-PDCCH at beginning of a COT immediately after LBT, a predefined value can be configured in advance which informs UE the actual transmitted LBT subband information will be provided later. After UE receives another GC-PDCCH in the COT, the updated transmitted LBT subband information can be applied in the rest of DL burst and for the HARQ process(es) not acknowledged before the latest received GC-PDCCH. Some guard tones between adjacent LBT subbands might be reserved at beginning of COT, which facilitate UE to reliably detect indication of actual transmission bandwidth indication.  In UL, gNB can acquire the transmitted bandwidth from UE by detecting front loaded DMRS of PUSCH on each LBT subband. 
Proposal 7: gNB indicates DL transmitted LBT subband(s) in the GC-PDCCH at beginning and/or within the duration of DL burst. gNB acquires transmitted LBT subband(s) in UL by detection of front loaded DMRS of PUSCH(s).
Premature active BWP switching due to Inactivity Timer
In NR-U an LBT-based transmission of DCI in a non-default active BWP may be delayed because the wireless channel is occupied, or the DCI transmission may collide with another transmission from a hidden node on the wireless channel and may not be successfully decoded or even recognized by the UE. In such cases, the inactivity timer may expire before it is reset by the DCI reception which would cause the UE to prematurely decide that the DL BWP is no longer active and switch back to the default unpaired DL/UL BWPs. If such premature switching happens, the UE would stop monitoring the CORESETs in the deactivated DL BWP and would not be expected to provide any requested UCI feedback with resources allocated on the deactivated UL BWP.  Therefore, one or more of the following solutions can be adopted in NR-U:

1. Larger maximum timer value: One simple solution is that the gNB configures the UE to have a larger maximum inactivity timer value when operating in an NR-U cell. For example, if a maximum inactivity timer value  is typically used with active BWPs in the licensed band, when the UE is active on a BWP on an unlicensed CC, it is configured with a sufficiently larger maximum timer value  to provision for potential DCI latency/loss due to the unlicensed channel occupancy. Although this solution is simple, it becomes less efficient as the channel becomes less occupied.  

1. UE pauses timer during UL LBT failure: The UE can use same inactivity timer maximum value across different BWPs/unlicensed CCs while dynamically accounting for the amount of time the medium access has been blocked on the respective BWP, at least as sensed by the UE. This may be achieved by the UE pausing its inactivity timer on an active BWP for the time duration over which the uplink LBT fails. The inactivity timer therefore does not count during the blocking time associated with an uplink LBT failure. In this way, a BWP on a busy channel with frequent uplink LBT failure and will be effectively associated with a greater inactivity timer value compared to a BWP on a less busy channel and experiencing less frequent uplink LBT failure. Also, the behavior of the inactivity timer on a clear (mostly unoccupied) BWP falls back naturally to the intended behavior of the inactivity timer on a licensed BWP.

Observation 4: Due to the potential DCI latency/loss of detection in the unlicensed band, switching of the single active BWP to the default BWP may occur due to premature expiry of the associated Inactivity Timer.  
Proposal 8: To avoid switching of the active BWP due to premature expiry of the respective Inactivity Timer, the UE should pause the timer when the medium access is blocked, at least as sensed by the UE. 


[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed wideband operation in NR-U mainly from RAN1 perspective. We had following observations and proposals.

Observation 1: There is no restriction on the occupied LBT subbands for LBE device using Type-A multi carrier channel access mechanism
Observation 2: LBE device using Type-B multi carrier channel access mechanism can transmit on any of the LBT subbands where CCA is successful without any restriction as long as its configured BWP is a subset of bonded 40MHz, 80MHz and 160MHz channels as defined in regulation.
Observation 3: Receiver could benefit from the knowledge of transmitted LBT subband(s) in both scenario 1 and scenario 2.
Observation 4: Due to the potential DCI latency/loss of detection in the unlicensed band, switching of the single active BWP to the default BWP may occur due to premature expiry of the associated Inactivity Timer.  

Proposal 1: When an UL carrier with bandwidth larger than 20MHz is configured, NRU should support transmission on parts or whole carrier bandwidth where CCA is successful.
Proposal 2: The following two alternatives can be considered for PDSCH scheduling and transmission at beginning of a gNB acquired COT.
· Alternative 1: scheduling multiple PDSCHs, each located within a LBT subband. Do not transmit PDSCH(s) on the LBT subband(s) where CCA fails. 
· Alternative 2: scheduling PDSCH assuming all LBT subbands are available. Puncturing the REs on the LBT subband(s) where CCA fails.
Proposal 3: At least at beginning of a DL burst, UE should be configured to monitor PDCCH search spaces associating with CORESETs on different LBT subbands. Each CORESET should be within a LBT subband.
· FFS: Maximum number of configured CORESETs and PDCCH search spaces
· FFS: Dynamic switching of PDCCH search spaces configuration in frequency domain in the COT
Proposal 4: When dynamic transmission bandwidth adaption (option 3) is adopted to transmit PUSCH, gNB schedules single PUSCH based on PRB-based interlace design of the wideband BWP. UE punctures the PRB(s) on the LBT subband(s) which fails LBT.
Proposal 5: A PUCCH resource should be restricted within a LBT subband.
Proposal 6: NR-U should specify mechanism(s) to facilitate receiver acquiring knowledge of transmitted LBT subband(s) when operation bandwidth is larger than 20MHz.
Proposal 7: gNB indicates DL transmitted LBT subband(s) in the GC-PDCCH at beginning and/or within the duration of DL burst. gNB acquires transmitted LBT subband(s) in UL by detection of front loaded DMRS of PUSCH(s).
Proposal 8: To avoid switching of the active BWP due to premature expiry of the respective Inactivity Timer, the UE should pause the timer when the medium access is blocked, at least as sensed by the UE. 
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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.
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