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[bookmark: _Ref463014664]Introduction 
A study item on NR based access to unlicensed spectrum has been concluded in RAN#82 plenary in December 2018 [1]. 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 and RAN4#90bis, respectively.
In [4] RAN1 sent a reply to the reply LS RAN4 sent out in November meeting in Spokane. New FFS items are listed and an answer from RAN4 is expected. In this contribution we present our view on the FFS parts of RAN1 LS.
Discussion
In the last meeting, RAN1 drafted a LS in [4] that contains 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.

According to the first agreement, gNB may transmit in non-contiguous 20MHz blocks inside the active BWP of a wideband carrier based on the outcome of LBT. A simple example is shown in Figure 1.
[image: ]
[bookmark: _Ref975623]Figure 1. 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 only one 20MHz sub-band inside an 80MHz BWP. However, this is not always the case and more complicated LBT outcomes are not prevented. Related to this possibility, in [4] we find the following FFS item:
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
 
[bookmark: _Hlk1056940]We believe that further discussion is needed in RAN4 on this point. There are, in fact, different angles from which this FFS item may be addressed. We will try to summarize few aspects that in our view require attention.
Restrictions on supportable gaps
As stated in the second bullet, a gap may span one or multiple contiguous unsuccessful LBT sub-bands. 
[bookmark: _GoBack]If we consider a PDSCH transmission on 100MHz wideband carrier in which only the edge 20MHz LBT sub-bands pass LBT, we end up with a gap that spans three contiguous LBT sub-bands. This gap may be occupied by three different 20MHz jammers whose aggregated emissions would create more interference in the edge sub-bands where PDSCH channel is being transmitted compared to the case in which the gap spans only 20MHz. 
Observation 1: When defining the supportable gaps, system level considerations should be taken into account in order to ensure limited performance impact.
Restrictions on combinations of gaps
Based on the LBT outcome, it is possible to have either a combination of contiguous or non-contiguous 20MHz gaps.
As observed in the paragraph above, contiguous gaps combination may not be desirable because it may create excessive jamming to PDSCH transmissions occurring in the same channel. Further studies on the acceptable number of contiguous gaps may be necessary.
In case of non-contiguous combination of 20MHz-wide gaps, we believe there may not be need for any restriction on the combinations. Depending on the carrier bandwidth, different combinations of non-contiguous 20MHz chunks may arise, but in all cases emissions to transmissions in adjacent channels are expected to decrease since in-band power is decreasing.
Observation 2: Combinations of contiguous gaps may not be desirable; however, it may not be necessary to define restrictions on non-contiguous combinations of 20MHz-wide gaps.
Conclusions
This contribution aims at initiating a discussion on a reply to the RAN1 LS in [4]. One FFS item was addressed in this contribution leaving the one related to RRM work for future discussion when the RRM work will start in RAN4.
Based on the above discussion, we made the following observations:
Observation 1: When defining the supportable gaps, system level considerations should be taken into account in order to ensure limited performance impact.
Observation 2: Combinations of contiguous gaps may not be desirable; however, it may not be necessary to define restrictions on non-contiguous combinations of 20MHz-wide gaps.
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