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Introduction
At the last RAN1 #94bis meeting, RAN1 discussed wideband operation of NR-U whereby wideband implies a carrier bandwidth of larger than 20MHz. While wideband operation of NR is readily specified in Rel. 15, the novelty in NR-U is that Listen-Before-Talk, i.e., the channel access mechanism of NR when operated in unlicensed spectrum, relies on “LBT subbands” of granularity 20MHz. The channel access procedure thus subdivides the bandwidth on which NR-U DL and UL transmissions occur into chunks of 20MHz, e.g., when the NR carrier in unlicensed spectrum is 40 or 80 MHz wide. When the NR-U UE performs energy detection as part of the - channel access mechanism, it does so per 20 MHz LBT subband. Consequently, the channel is assessed as clear or busy per 20 MHz chunk. From a RAN1 perspective, this simply means that resource allocation should also be performed at least with 20 MHz granularity as a NR-U UE can only be scheduled for transmissions on LBT subbands that are considered idle.
However, RAN1 identified several other issues pertaining to blockage and leakage of energy in the RF domain. These lie in the domain of RAN4 expertise. Hence, RAN1 sent the liaison statement in [1] to RAN4 in their last meeting. In this contribution, we provide further details on the motivation of the various options and give our preference on a possible solution. 
On wideband carrier operation for NR-U
Listen-Before-Talk, the channel access mechanism of NR when operated in unlicensed spectrum, inherently divides any carrier of bandwidth larger than 20 MHz into chunks of 20 MHz. This is because energy detection is performed per 20 MHz LBT subband and consequently, each 20 MHz chunk of a wideband carrier is assessed separately whether it is considered idle or busy. 
While NR in Release 15 specified efficient mechanisms to operate UEs of various RF bandwidths in a single wideband carrier, RF requirements such as out-of-band emission masks are only defined for carriers, not for bandwidth parts. In NR-U, however, because of the discrepancy between carrier bandwidths and LBT bandwidths, a need for RF requirements within a carrier arises. This is illustrated in Figure 1 which RAN4 received from RAN1 is [1]. 
The exact same use case was also discussed in RAN1 during Rel. 15, e.g., in [2][3]. RAN1 ultimately agreed to not support in Rel. 15 the use case illustrated in Figure 2 in licensed spectrum. Hence, Rel. 15 supports non-contiguous intra-band spectrum only by using the carrier aggregation framework. 
Carrier aggregation defines each subband as carrier whereby each carrier basically operates independently. In particular, RF filters can be defined per carrier and cells can be defined per carrier, namely, the serving cells. From a specification perspective, this can be considered efficient. However, from an implementation perspective, such a duplication is rather inefficient, especially in the context of non-contiguous intra-band spectrum.  
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[bookmark: _Ref528933877]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 1 out of 4 defined LBT sub-bands.
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[bookmark: _Ref528934152]Figure 2: Supporting non-contiguous spectrum

In fact, the aforementioned inefficiencies were the starting point of the bandwidth part discussions during the Rel. 15 study item—together with the UE power savings aspect, the two of which were merged by RAN1 into one concept. Hence, even though RAN1 agreed to not support non-contiguous intra-band spectrum using the bandwidth part concept as illustrated in Figure 2, the benefits of single wideband carriers identified during the NR study item still hold true. For example, in [4], the following is observed:
	Cons: Guard band between each CC wastes spectrum resources. Each carrier is by nature an independent carrier with, e.g., duplicated synchronization channels and carrier-specific RS on each carrier, also a waste of spectrum resources. Unless there is joint scheduling through joint DCI among all the carriers, the control channel overhead is large. Also the management of CCs, e.g. configuration/release, activation/deactivation, etc., can be very complicated especially if the number of CCs is very large.
[…]
Observation 2: Support for wide-band spectrum via massive CA is inefficient for 5G due to higher overhead and higher complexity of carrier management.


Hence, the resurrection of the concept for NR-based access in unlicensed spectrum comes as no surprise.  Moreover, the situation in NR-U is fundamentally different, namely, easier as compared to Rel. 15 in that the subbands come in multiples of a single bandwidth of 20 MHz. In licensed spectrum, because NR defines many different system bandwidths, this was not the case and hence, the effort in RAN4 would have been considerably higher. Here, however, RAN4 can rely on the fact that all non-contiguous subbands are an integer multiple of 20 MHz. 
When it comes to solutions to the problems identified by RAN1 in their LS, 3GPP is thus presented with the following tradeoff: In order to support non-contiguous subbands in a wider bandwidth, should the burden be on the protocol stack or the RF? A carrier based solution that uses the carrier aggregation framework to support non-contiguous subbands in a wider bandwidth duplicates the protocol stack for each LBT subband by rendering each LBT subband a serving cell. From an RF perspective, however, each 20 MHz subband can reuse the existing carrier based framework to define RF requirements for inband blocking and leakage. A bandwidth part solution, on the other hand, renders the entire non-contiguous wideband spectrum a single cell, however, RAN4 needs to define requirements for inband blocking and RF leakage. It is, however, pointed out that the subband sizes in NR-U are very deterministic and multiples of a single subband bandwidth of 20 MHz. 
Lastly, at least some drawbacks of the carrier aggregation framework to support non-contiguous spectrum can be alleviated by allowing zero-guard band implementations of multiple 20 MHz filters. For example, bandwidths of multiples of 20 MHz are realized by defining multiple zero-guard band carriers whereby EVM at the edge of each carrier increases due to the lack of guardbands. While this solution does not address any of the overheads and inefficiencies in the protocol stack, at least spectrum utilization can be increased for NR-U. 
In light of the above, we ask RAN4 to take into account the overheads and inefficiencies of carrier based solutions when discussing solutions to the RAN1 LS. If a bandwidth part based solution with RF requirements within a single wideband carrier is deemed infeasible or too complex, we ask RAN4 to at least consider zero-guard band implementations of the carrier aggregation framework if deemed feasible. Lastly, when discussing solutions for non-contiguous spectrum in unlicensed bands, we ask RAN4 to consider the regular structure of LBT subbands (i.e. 20 MHz bandwidth and specific location) to optimize their solution. While RAN4 cannot discuss topics outside their scope such as the NR protocol stack, if RAN4 deems bandwidth part based solutions within a single carrier feasible for NR-U at least with moderate specification effort, we ask RAN4 to seriously consider specifying such solutions given the immense overhead and inefficiency of CA based solutions that render each LBT subband a serving cell.
Proposals:
· RAN4 to take into account the overheads and inefficiencies of carrier based solutions when discussing solutions to the RAN1 LS
· If a bandwidth part based solution with RF requirements within a single wideband carrier is deemed infeasible or too complex, RAN4 to consider zero-guard band implementations of the carrier aggregation framework 
· When discussing solutions for non-contiguous spectrum in unlicensed bands, RAN4 to consider the regular structure of LBT subbands to optimize their solution
Conclusion
In this contributions, we provided further details on the motivation of the various options in the RAN1 LS on NR-U wideband operation. We also presented our preferences on a possible solutions. The following is proposed:
· RAN4 to take into account the overheads and inefficiencies of carrier based solutions when discussing solutions to the RAN1 LS
· If a bandwidth part based solution with RF requirements within a single wideband carrier is deemed infeasible or too complex, RAN4 to consider zero-guard band implementations of the carrier aggregation framework 
· [bookmark: _GoBack]When discussing solutions for non-contiguous spectrum in unlicensed bands, RAN4 to consider the regular structure of LBT subbands to optimize their solution
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