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1 Introduction
RAN1 and RAN4 have liaised on the topic of NR-based wideband operation in unlicensed spectrum since the study item [1]. RAN1 received RAN4’s initial response [2] at the last RAN1 meeting and has replied during its ad-hoc meeting in [3]. RAN1 has not had time yet to discuss the UL, but for the DL Option 2 and 3 from the previous LS in [1] have been agreed. In addition, RAN1 has agreed on additional questions for RAN4 in the form of FFS points [3]. The agreement as communicated in the latest LS to RAN4 is replicated below. In this contribution, we discuss our preference for NR-based access to wideband carriers in unlicensed spectrum giving further guidance on the solution space and possible challenges associated with them. 

	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)


2 Wideband operation for NR-based access to unlicensed spectrum
In their original LS RAN1 had indicated four possible solutions [1]. The first two are now precluded as they require multiple BWPs to be active. The remaining two options have both been agreed to be supported in RAN1 and exhibit a single active BWP at all times. The difference between the supported Options 2 and 3 is that in Option 2 the base station may only transmit on the entire BWP whereas in Option 3 it may also transmit on parts of the BWP. 

	Agreement:
· NR-U should support that a serving cell can be configured with bandwidth larger than 20 MHz.

· 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

· Note: CCA is declared to be successful or not in multiples of 20 MHz.

· FFS for UL operation including some or all of above options can be applied

· Note: Capture the following in TR only after further discussion for down-selecting from the options in RAN1#95.


It is worth noting that Rel. 15 currently does not specify RF requirements per BWP. Rather BWPs can be understood as a scheduling restriction whereas RF requirements are defined per carrier. In other words, RAN1 intended BWPs as a guarantee to UEs that they are not expected to receive any transmissions outside an active BWP. This notion was originally introduced just for control signaling and data (PDCCH and PDSCH, respectively) and was later extended to CSI-RS and measurements. TS 38.211 states: 

	A UE can be configured with up to four bandwidth parts in the downlink with a single downlink bandwidth part being active at a given time. The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an active bandwidth part.


Specifically, RAN1 precluded the use case in Rel. 15 where something completely unknown is transmitted within a wideband carrier as shown in Figure 1 [4]. That is because the main use case of BWPs in Rel. 15 is UE power savings. A UE can be configured with a first narrowband BWP in which it monitors for PDCCH transmissions during times of no data traffic. When a data burst arrives at the gNB MAC buffer, the gNB can switch from the first narrowband BWP to a second wider BWP, e.g., the carrier bandwidth. However, how the UE configures its RF front-end is not specified. The UE may not change its RF front-end at all when configured with the narrowband BWP and reap all energy savings in the baseband. Alternatively, a UE may change its RF frontend to a more narrow bandpass filter in order to obtain larger energy savings in both the digital and analog domain. Either way, only carrier based RF requirements are defined and a UE with a narrow BWP has no different requirements than a UE with a wider BWP. 
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Figure 1: Supporting non-contiguous spectrum with BWPs was precluded in RAN1

For the case of NR-based access to unlicensed spectrum with a single wideband serving cell, RAN4 already agreed that new requirements within the wideband carrier are needed [2]. The situation is anyway very different from the Rel. 15 discussions due to the regular structure of LBT subbands. In other words, any contiguous chunk of LBT subbands that are idle is an integer multiple of 20 MHz. Similarly, any contiguous chunk of LBT subbands that are busy (the “gaps”) is an integer multiple of 20 MHz. 

RAN4 already indicated that for transmissions spanning multiple contiguous LBT sub-bands, requirements can be specified [2]. RAN1 is currently awaiting guidance from RAN4 whether in the example of Figure 2 a base station could transmit on more than one contiguous chunk of LBT subbands. In other words, how many gaps are possible between sets of consecutive LBT subbands and if there are restrictions for example on the bandwidth and relative position of the gaps and/or chunks of contiguous LBT subbands. For example, one challenging case would be where only two LBT subbands are idle (LBT passed) and each idle LBT subband is at the edge of the wideband carrier such that the gap is maximized and the bandwidth of each contiguous chunk (in this case one LBT subband) is minimized. RAN1 thus expects an answer to the first FFS in the form of 

· How many gaps can be supported (alternatively, how many contiguous chunks can be supported)

· Are there restrictions with respect to the bandwidth of each contiguous chunk and/or each gap in between 
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Figure 2: Wideband carrier operation for NR-U with LBT performed on a 20 MHz basis in each “LBT sub-band.” In this example, LBT fails in 1 out of 4 defined LBT sub-bands.

In regard to the second FFS, Figure 3 depicts an example mode of operation as envisioned by RAN1.  In the first slot of a COT, each LBT subband has to operate independently because the LBT outcome is unknown to the UE. However, once the UE knows the LBT outcome at the transmitter, e.g., via signaling in the control region of the first slot, it can change its RF filters for consecutive LBT subbands where LBT was successful in order to maximize spectral efficiency. For example, in Figure 3, there is a guard between PDSCH #1 and PDSCH #2 which can be eliminated in the second slot of the COT because the two LBT subbands are adjacent, contiguous and both available for transmission by the gNB. RAN1 is currently awaiting guidance from RAN4 whether it is feasible to change the RF filtering between the first and second slot, e.g., within the duration of a CP. It would also be interesting to know whether such operation is feasible at the gNB if it is not feasible at the UE, i.e., the gNB could not send a PDSCH spanning more than one LBT subband to a UE that assumed per LBT subband filtering in the previous slot. However, the gNB could multiplex multiple users in time such that the same UE has more than the duration of a CP to switch filtering but two different UEs could be scheduled subsequently as shown in Figure 3. For example, a first UE may receive PDCCH and PDSCH in the first slot but could not be scheduled subsequently with a PDSCH. Another UE (UE #1), however, that only received a PDCCH at the beginning of the first slot as shown in Figure 3 could receive a PDSCH spanning multiple consecutive LBT subbands as shown in Figure 3 for the second slot. 

Observation 1: 

· RAN1 is currently waiting for guidance from RAN4 regarding the feasibility of changing RF filtering from slot to slot at the gNB transmitter 
· RAN1 is currently waiting for guidance from RAN4 regarding the feasibility of changing RF filtering from slot to slot at UE receiver 

Since Rel. 15 readily supports cross-slot scheduling (i.e. K0>0), no additional specification impact is expected regardless of whether the UE supports changing its RF filtering within the duration of a CP or not. In case a significant gap has to be provisioned to a UE in order to change its RF filtering, a PDCCH or GC-PDCCH at the beginning of a COT can indicate the frequency domain structure of the COT to all UEs. At the beginning of a COT, all UEs assume per LBT subband filtering. Hence, any transmission, channel or signal, PDSCH or reference signal, is sufficiently protected from RF leakage to adjacent bands and from RF blockage from adjacent bands. A UE that is scheduled at the beginning of a COT can only be allocated a PDSCH that’s fully contained within a single LBT subbands with appropriate guard bands as necessary and defined by RAN4. The gNB can FDM several UEs/PDSCHs by allocating several LBT subbands to multiple UEs/PDSCHs whereby each PDSCH cannot span across subbands or into guard bands. A UE that is not scheduled at the beginning of the COT can be allocated a PDSCH spanning across LBT subbands if they are contiguous and adjacent. An example is given in Figure 3. Because such a UE receives the GC-PDCCH and scheduling PDCCH at the beginning of the slot but is not scheduled until at least the second slot, it has 11-13 OFDM symbols to change its RF filtering. 
In case the UE supports changing its RF filtering within the duration of a CP, the basic mode of operation remains unchanged, however, the same UE can be scheduled with a PDSCH mapped to a single LBT subband in the first slot, followed by a PDSCH mapped to adjacent contiguous LBT subbands in the second slot, whereby the UE adapts its RF filtering between the two slots, e.g., within the duration of the CP of the first symbol of a slot. In both the first and second slot, guard bands are defined if necessary per guidance from RAN4. 
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Figure 3: Wideband carrier operation for NR-U with LBT performed on a 20 MHz basis in each “LBT sub-band.” In this example, contiguous sets of LBT subbands do not exhibit guard bands at the interior subband edges.


Proposal 1: 

· A GC-PDCCH transmitted at the beginning of a COT indicates the frequency domain structure of the COT
· The GC-PDCCH is transmitted in each LBT subband where CCA is successful 

· Cross-carrier indication is supported whereby the GC-PDCCH is sent from a cell in licensed spectrum, e.g., the PCell in LAA mode 

· At the beginning of a gNB initiated COT, all transmissions (PDSCH, PDCCH, or CSI-RS) are contained within a single LBT subband; subsequent transmissions can map across LBT subbands if they are adjacent and contiguous

Note that RAN1 as part of the Rel. 16 work on MIMO and URLLC decided that a UE can receive multiple codewords with same/different time and/or frequency domain resource allocations simultaneously. Hence, for UEs supporting multi-TRP transmissions, a single PDSCH can be mapped to two non-adjacent, non-contiguous sets of LBT subbands without additional specification impact in NR-U.
Proposal 2: For UEs supporting multi-TRP transmissions, a single PDSCH can be mapped to two non-adjacent, non-contiguous sets of LBT subbands

3 Conclusion

This contribution discussed operation of wideband carriers in unlicensed spectrum using a single serving cell. The following is proposed: 

Proposal 1: 

· A GC-PDCCH transmitted at the beginning of a COT indicates the frequency domain structure of the COT
· The GC-PDCCH is transmitted in each LBT subband where CCA is successful 

· Cross-carrier indication is supported whereby the GC-PDCCH is sent from a cell in licensed spectrum, e.g., the PCell in LAA mode 

· At the beginning of a gNB initiated COT, all transmissions (PDSCH, PDCCH, or CSI-RS) are contained within a single LBT subband; subsequent transmissions can map across LBT subbands if they are adjacent and contiguous

Proposal 2: For UEs supporting multi-TRP transmissions, a single PDSCH can be mapped to two non-adjacent, non-contiguous sets of LBT subbands
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