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1 Introduction
RAN1 is discussing NR-U PHY layer details at this moment, there are a lot of open issues which will influence the design in RAN4. With these new methods and procedures, NR-U will become different in some respects with respect to LAA. In this contribution, we discuss one such issues.
2 Higher carrier bandwidth operation

In RAN1#92b, the following agreement was made, with the relevant part highlighted in yellow:

Agreement:
· ………
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 

· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

· ………
This agreement states that listen-before-talk (LBT) operation is performed in units of 20 MHz, e.g., to support operation in the 5 GHz unlicensed band (Band 46), where the channels are defined to be 20 MHz wide. In RAN1, two modes of operation are being discussed to handle wideband (> 20 MHz) operation:
•
Mode 1: Carrier aggregation (CA)-based wideband operation analogous to LTE-eLAA

•
Mode 2: Single wideband carrier operation based on a single active bandwidth part (BWP)

where the details of LBT for Mode 2 are FFS in the above agreement. Figure 1 shows an example of these two modes for an operating bandwidth of 80 MHz. For Mode 1, the UE is configured with four 20 MHz component carriers (CC’s) totalling 80 MHz which are activated prior to reception/transmission. For Mode 2, the UE is configured with a single 80 MHz bandwidth part (BWP) which is assumed activated prior to reception/transmission. As shown in the diagram for Mode 2, the wideband carrier (CC) may be greater than 80 MHz; the BWP is simply the part of this wideband carrier for which the UE is configured for transmission/reception.
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Figure 1: Wideband operation modes: Mode 1 is CA-based; Mode 2 is single-wideband carrier-based.

As per the above RAN1 agreement, LBT is performed in units of 20 MHz, at least for Mode 1. In other words, LBT is performed on a per-CC basis. Transmission then occurs on each CC that is sensed as free, i.e., unoccupied by a transmission from another node (same or different RAT). Here we assume that for Mode 2, LBT is also performed in units of 20 MHz, and we refer to each unit as an “LBT bandwidth piece.” Based on the LBT outcome, the device aggregates resources from each free LBT bandwidth piece into a single physical SCH. Figure 2 shows one example of the outcome of LBT where LBT fails (sensed as “busy”) on two of the 4 CCs/bandwidth pieces. Of course other LBT outcomes are possible, e.g., LBT failure on 1 or 3 of the CCs/bandwidth pieces. 
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Figure 2: Exemplary LBT outcome where LBT fails on two out of the 4 CCs/bandwidth pieces. Leakage occurs into the other two adjacent CCs/bandwidth pieces.
In either mode, there is leakage from the transmissions on the used CCs/bandwidth pieces into the adjacent 20 MHz channels for which LBT fails. This is equally equivalent for both UL and DL transmissions. To address this issue for CA-based operation (Mode 1), it is assumed that it is straightforward for RAN4 to introduce requirements for NR-U that are analogous to the cumulative adjacent channel leakage ratio (CACLR) requirements for LTE-LAA [1, Section 6.6.2.2] which are defined on a per-CC basis: 

The Cumulative Adjacent Channel Leakage power Ratio (CACLR) in a sub-block gap or the Inter RF Bandwidth gap is the ratio of:

a)
the sum of the filtered mean power centred on the assigned channel frequencies for the two carriers adjacent to each side of the sub-block gap or the Inter RF Bandwidth gap, and

b)
the filtered mean power centred on a frequency channel adjacent to one of the respective sub-block edges or Base Station RF Bandwidth edges.

The RAN4 specifications would then set a maximum value on the CACLR which accounts for leakage from CCs on either side of a transmission gap, i.e., leakage from CC1 and CC3 into CC2 and leakage from CC3 into CC4 as shown for Mode 1 in Figure 1. From an implementation perspective, the device complies with this requirement by appropriate RF filtering of the transmissions on each CC to limit the leakage into adjacent CC’s.

For Mode 2, however, there is no precedent in LTE-LAA on leakage requirements between LBT bandwidth pieces since BWPs are new to NR. However, it is clear that in order for Mode 2 to function, and comply with unlicensed band regulations, RAN4 would need to consider requirements for in-channel leakage for all combinations of intra-BWP gaps. Due to RF filtering considerations, it is expected than RAN4 would then need to define guard bands on either side of the LBT bandwidth piece(s) for which LBT passes in to control leakage into the LBT bandwidth pieces for which LBT fails. Figure 3 shows an exemplary transmission with guard bands for the case when LBT fails in one of the LBT bandwidth pieces.
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Figure 3: Exemplary transmission with guardbands for the case of LBT failure in one of the LBT bandwidth pieces.
3 UE and BS operations
As explained in the previous section, there is a need to study the feasibility of UE and BS operations in such wideband operations in 5GHz. 

For both UE and BS (i.e. for both DL and UL), the leakage parameters inside the part where LBT fails needs to be investigated. Similarly, at the UE and BS receiver, the selectivity levels also need to be discussed. 

In the study item phase, how these new requirements can be specified later can also be discussed to some extent. 
4 Conclusion
Depending on RAN1 decisions on NR-U operations, RAN4 may need to define requirements within a BWP, which is new. These new requirements need to be investigated and discussed in detail in RAN4. 
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