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

Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  
multiple of 20MHz 
· 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.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included
[bookmark: _Ref178064866]2	Discussion
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:

· [bookmark: _Hlk525634278]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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[bookmark: _Ref524529042]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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[bookmark: _Ref524530857]	Mode 1	Mode 2
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: 	Comment by Reem: During the discussions Thomas mentioned something about the receiver side filtering, but now I’m not sure what was the problem.

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. Furthermore, there are no RAN4 requirements for leakage outside a BWP which is problematic in unlicensed spectrum. 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 to control leakage into the LBT bandwidth pieces for which LBT fails. Furthermore, it is expected that RAN4 would also need to defined guard bands at the edges of the BWP in case the BWP spans less than the full bandwidth of the carrier (a likely scenario)  to control leakage outside the BWP. 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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[bookmark: _Ref525637543]Figure 3: Exemplary transmission with guardbands for the case of LBT failure in one of the LBT bandwidth pieces.

We note that if RAN4 decides not to specify intra-BWP guard bands, the implication for RAN1 may be that transmission in a BWP may proceed only if LBT succeeds in all LBT bandwidth pieces. In other words, Mode 2 (single wideband carrier) is only used if coupled with wideband LBT sensing. Based on this discussion we propose to send an LS to RAN4 requesting whether or not intra-BWP guard bands are needed and if so, the feasibility of developing adjacent channel leakage requirements within a BWP. A draft LS is included in [2].

[bookmark: _Toc525638713][bookmark: _Toc525913253][bookmark: _GoBack]Send an LS to RAN4 requesting whether or not intra-BWP guard bands and BWP-edge guard bands are needed for wideband carrier operation where a BWP spans multiple LBT bandwidth pieces. A draft LS in included in [2].
3	Conclusion
Based on the discussion in this paper, we propose the following:
Proposal 1	Send an LS to RAN4 requesting whether or not intra-BWP guard bands are needed for wideband carrier operation where a BWP spans multiple LBT bandwidth pieces.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TS 36.104, “Base station radio transmission and reception,” v15.3.0, June 2018.
[bookmark: _Ref525667846]R1-1811308, “Draft LS to RAN4 on CACLR for wideband carrier operation in NR-U,” Ericsson, RAN1#94b, October 2018.

	4/4	
image3.png
BWP Edge
Guardband

Intra-BWP

Guardbands

Adjacent Channel
Leakage

>

20 MHz
LBT
bandwidth
piece

80 MHz
BWP

Single

™ Wideband CC




image1.png
Four
™ 20 MHz CC's

20 MHz
LBT
bandwidth
piece

[ 80 MHz

BWP

Single

™ Wideband CC




image2.png
Adjacent Channel
Leakage

40 MHz out of
~ 80 MHzBWPis
transmitted

Two out of four
~ 20 MHz CC's are
transmitted





