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1 Introduction
A study item on NR based access to unlicensed spectrum has been concluded in RAN#82 plenary in December 2018. At the same time, a new WI has been approved on NR-U in 5 and 6 GHz [2] which involves RAN4. According to the WID, the RF and RRM core work will start from RAN4#90 (February 2019) and RAN4#90bis (April 2019), respectively. The core part of the WI is scheduled to be completed by RAN4#94 (February 2020).
In RAN4#89, we provided a detailed analysis on wideband operation for NR-U as in [7]. In this contribution, we further describe our understanding related to wideband operation related to the questions posed in this LS [8] and provide our response to be sent to RAN1 in [9]. 
2 Latest RAN1 LS [8] 
An LS has been sent to RAN4 from RAN1 in [3]. RAN4 has replied in [6]. A further LS was sent to RAN4 in [8]. The LS mentioned following RAN1 agreements:

==================================

RAN1 has discussed both DL and UL transmission on a wideband carrier (> 20 MHz) in unlicensed spectrum and made the following agreements:

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 discontiguous 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)

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.

Please note that amongst a variety of options listed in [1], RAN1 agreed to adopt options 2 and 3 for DL wide-band operation and not to support multiple active BWP operation for both DL and UL. RAN1 respectfully asks RAN4 for a response to FFS parts in the above agreement, in addition to any pending input to questions as requested in [1].

[1]
R1-1812026
“LS on wideband carrier operation for NR-U”, RAN1

===================================

3 Background
In the original LS from RAN1 [3], two different options for channel BW larger than 20MHz has been mentioned:

1. Mode-1: CA of 20 MHz channels, multiple cells configured

2. Mode-2: One channel BW with single (multiple) BWP(s): wideband/BWP

These two above modes are shown below:
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3.1 Channel BW and BWP

In the 3GPP specs, a channel bandwidth supports a carrier that can contain one of more BWP. Following definition is available in BS spec:

5.3
BS channel bandwidth
5.3.1
General

The BS channel bandwidth supports a single NR RF carrier in the uplink or downlink at the Base Station. Different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS. The placement of the UE channel bandwidth is flexible but can only be completely within the BS channel bandwidth. The BS shall be able to transmit to and/or receive from one or more UE Bandwidth parts that are smaller than or equal to the number of carrier resource blocks on the RF carrier, in any part of the carrier resource blocks.
Similar definitions are also available in UE spec:

5.3.1
General

The UE channel bandwidth supports a single NR RF carrier in the uplink or downlink at the UE. From a BS perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS. Transmission of multiple carriers to the same UE (CA) or multiple carriers to different UEs within the BS channel bandwidth can be supported. 

From a UE perspective, the UE is configured with one or more BWP / carriers, each with its own UE channel bandwidth. The UE does not need to be aware of the BS channel bandwidth or how the BS allocates bandwidth to different UEs.

Note that, transmitter and receiver requirements in 3GPP apply for the channel bandwidth, not the BWP. In the wideband/BWP case the channel bandwidth is that of the “wideband channel”. For CA, 3GPP requirements apply for the aggregated carriers configured

At the same time, it is worth noting that, in the ETSI standard, the channel bandwidth of an operating channel is always 20 MHz, but the aggregated/bonded bandwidth is used for unwanted emissions requirements (e.g. spectrum mask). LBT and ED/PD is always measured across an operating channel bandwidth (and the averaged per MHz).
3.2 The spectrum mask in the EN harmonized standard

It is worth noting here that, all transmitters in 5GHz with 20MHz carrier bandwidth are regulated to satisfy an emission mask as shown below, according to ETSI EN 301 893:
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Figure 1 Transmit spectral power mask
The mean Power Density (measured with a 1 MHz measurement bandwidth) of the Transmitter unwanted emissions within the 5 GHz RLAN bands shall not exceed the limits of the mask provided in Figure 1 or an absolute level of ‑30 dBm/MHz, whichever is greater. The limits in Figure 1 are relative to the maximum Power Density of the RLAN device when measured with a reference bandwidth of 1 MHz.

< emissions are specified down to -30 dBm/MHz >

The above mask is only applicable within the band(s) of operation. Beyond the band edges the requirements for Transmitter unwanted emissions outside the 5 GHz RLAN bands apply. In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet the limits provided in Figure 1.

For Transmitter unwanted emissions within the 5 GHz RLAN bands, simultaneous transmissions in adjacent channels may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels used simultaneously.

< From an emissions perspective, simultaneous transmissions in aggregated/bonded operating channel (each of 20 MHz channel bandwidth) can be considered as one wide bandwidth. Hence if an 80 MHz bonded channel falls back to a 40 MHz bandwidth due to LBT failure, then the emission bandwidth is also reduced.>

For simultaneous transmissions in multiple non-adjacent channels, the overall transmit spectral power mask is constructed in the following manner. First, a mask as provided in Figure 1 is applied to each of the channels. Then, for each frequency point, the greatest value from the spectral masks of all the channels assessed shall be taken as the overall spectral mask requirement at that frequency.

Hence for the wideband case, the spectrum mask must be met using the emission bandwidth equal to contiguous or non-contiguous operating channels. Each of the active subbands within the BWP is part of the emission bandwidth, not the subbands within the BWPs for which the LBT has failed. 

The 3GPP requirements on unwanted emissions (e.g. the mask) apply for the channel bandwidth, i.e. the entire wideband channel for the wideband/BWP method, not the BWP. No guarantee that an in-band BWP meets any requirements. For CA the 3GPP requirements apply for an emissions bandwidth equal to the aggregated bandwidth configured.

Observation: 

· It is easier to meet the ETSI spectrum mask if the channel filter is modified to fit the active BWP, the emission requirement must be met in the LBT subbands within BWP where LBT is not successful. . 

· This implies filter reconfiguration (or can imply) between COT (i.e. between two different LBT instances) for the wideband/BWP approach. 

· The CA approach has the advantage that each 20 MHz channel configured (the same bandwidth as an “operating channel” in the ETSI-standard) can be filtered without reconfiguration. 

· This applies for both BS and UE.

3.3 Receiver selectivity

As mentioned earlier, 3GPP requirements are specified for channel bandwidth, not BWP. ACS and in-band blocking are specified w r t channel bandwidths, and aggregated BW in the case of CA (essentially single-CC requirements scaled).

For CA with multiple cells, the selectivity and in-band blocking requirement will be improved for each of the CC activated in a given COT, unless the filter bandwidth is reconfigured to fit the subbands within the BWP where LBT is successful in the wideband/BWP approach.

When a number of carriers are aggregated, depending on the design, the PRBs can be allocated in the gap between carriers. Note that, the channel spacing is also specified in the harmonized standard so there are no flexibility available. However, the wideband/BWP method requires (or may require) filter reconfiguration and thus increased time between COTs.

3.4 Wideband operation and LBT
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Figure 2 Example LBT success in wideband operation
As shown in Figure 2, if the LBT fails in any of the LBT sub-band(s), any of the above may happen. For the left most case, when LBT is successful in all LBT subbands, then wideband operation comprising all of the LBT subbands can happen. For other cases, as explained in Section 3.2, the emission mask needs to be satisfied for transmissions in LBT sub-bands where LBT fails. For example, using a wideband carrier (of 80MHz as an example here) with no transmission within the 3rd LBT sub-bands, the above mentioned emission requirements may be extremely challenging to satisfy. This is true for both the UEs and gNBs. 

There are two possible solution cases, as follows:
1. Use a single filter for wideband carrier, however ensure a deep attenuation in the LBT subbands where LBT fails; or

2. Use separate filters covering LBT subbands where LBT is successful. 

Please note that, depending on LBT outcome on any of the carriers within these 4 carriers, there may be 16 different combinations for 80MHz case where any of the above options may be needed. 

In right most 2 cases in Figure 2, ACLR-like attenuation requirement is needed for both of the subbands where LBT fails. Thus, a new leakage requirement in the gap which is an in-carrier emission requirement (for wideband operation) however as strict as ACLR are needed. The requirement within a carrier is defined as in-band emission for UE. In-band emission is always less stricter than ACLR or CACLR. Note that, no such requirement is defined for gNB.
If we want to consider the two right-most cases as non-contiguous intra-band CA, then CACLR will apply for the gap, however this needs reconfigurations of CA, which will introduce large reconfiguration delay, at least in the order of ~500us. The delay due to non-contiguous CA activation may be very large in the order of ms. 
4 Reply from LS from RAN4
We propose to reply RAN1 as shown in this section. 
===============
It is easier to meet the ETSI spectrum mask if the channel filter is modified to fit the active BWP, the emission requirement must be met in the LBT subbands within BWP where LBT is not successful. This implies filter reconfiguration (or can imply) between COT (i.e. between two different LBT instances) for the wideband/BWP approach. 

For both UE and gNB, usually the filter bandwidth is equal to total carrier bandwidth which is wideband in this case. For options that allow non-contiguous transmissions from either the gNB or UE, the filter needs to include attenuation within the filter passband at the “gaps” where CCA fails, which can be challenging for 5GHz. Feasibility studies from filter design point of view needs to be done for 5GHz if new flexibilities (e.g., adaptivity, etc.) in filter performance are required.
The CA approach has the advantage that each 20 MHz channel configured (the same bandwidth as an “operating channel” in the ETSI-standard) can be filtered without reconfiguration. This applies for both BS and UE.

For CA with multiple cells, the selectivity and in-band blocking requirement will be improved for each of the CC activated in a given COT compared to wideband/BWP approach, unless the filter bandwidth is reconfigured to fit subbands within the BWP where LBT is successful in the wideband/BWP approach

When a number of carriers are aggregated in CA mode, depending on the design, the PRBs can be allocated in the gap between carriers. Note that, the channel spacing is also specified in the harmonized standard so there are no flexibility available. However, the wideband/BWP method requires (or may require) filter reconfiguration and thus increased time between COTs.

===============

5 Conclusion
In this contribution, we described our understanding related to wideband operation for NR-U.

Based on this understanding, we proposed to send a reply LS to RAN1 as in [9]. 
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