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Introduction
Wideband operation for NR-U is fraught with a number of unresolved challenges.  Many of these stem from the notion of sub-bands within the wideband channel that may or may not be allocated depending on LBT outcome.  This contribution discusses the potential configuration of sub-bands and their impact to determination of guard-bands.  A number of proposals are presented including a proposal that the notion of sub-bands within the wideband channel is dismissed and the wideband channel is used in its entirety or not at all for each LBT instance.
Discussion
One feature of NR-U is the ability to support wideband channels that contain 20 MHz sub-bands or multiples thereof within them.  Under consideration are channels with bandwidths of 20, 40, 60, 80, and 100 MHz.  Within the wider channels, there may be one or more sub-bands each a multiple of 20 MHz (or perhaps 10 MHz for some deployments) that may be allocated or non-allocated.  For example, within a 100 MHz channel a sub-band configuration might be represented as (0, 20, 40, 0) where sub-band 0 is unallocated, sub-band 1 is occupied by a 20 MHz sub-band, sub-bands 2 and 3 are occupied by a 40 MHz sub-band, and sub-band 4 is unallocated.  Configurations can also consist of non-contiguous sub-bands if one or more sub-band(s) in between two sub-bands is unallocated, for example (0, 40, 0, 20) using the same notation as above.  The number of possible configurations becomes large for wide channels as illustrated below in Figure 1.  
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Figure 1.  Possible sub-band configurations within a wideband channel.  Non-contiguous sub-band configurations are highlighted in red font.
For 20 MHz, 40 MHz, and 80 MHz bandwidth the placement of channels within the band is dictated by the channel raster [1] to approximately align with WiFi channels (at least for the coexistence case) while the placement of sub-bands within the channels is not fully agreed yet.  However, a proposal has been discussed [2] to utilize a common PRB grid across the 5 GHz band and to restrict interior guard bands to be multiples of PRB’s [3] so that all sub-bands within the band can be RB indexed relative to Point A.  Not all aspects of [2] have been agreed, but the concept of having a common PRB grid could enable placement of sub-bands and their associated guardbands to be implemented by network scheduling of RB’s within the wideband channel. 
It is the responsibility of RAN4 to define the necessary guard band sizes.  As described in [2], there are carrier guard bands and in-carrier guard bands.  It is assumed that the network scheduler will allocate RB’s for UL and DL as well as leaving RB’s associated with guard bands unallocated.  One benefit of a scheduling-based approach is that guard bands can be allocated or non-allocated dynamically – for example, it has been proposed [5] that the first slot 0 transmission of a COT before LBT outcome is available is scheduled with in-carrier guard bands while subsequent slot 1 and beyond transmissions within the COT may be scheduled without the guard band between sub-bands both passing LBT.  The disadvantage of a scheduling-based approach for guard band is that the UE is responsible to meet regulatory emission requirements.  Since the UE relies on guard bands to meet emission requirements and the presence and size of guard bands on the uplink is dependent upon dynamic network scheduling (not even based on configuration which could be argued as semi-static), then the UE’s compliance to regulatory requirements may be called into question.  The UE will therefore need to monitor the scheduling of RB’s in the guard band and autonomously ignore the grant, drop the transmission or equivalent behavior to ensure that it can meet emission requirements.
Proposal 0:  In a grant-based dynamic guard band scheme, the UE must be allowed to autonomously drop the uplink grant if the unallocated RB’s intended to be used as guard band do not conform to the assumptions and specifications used to enable emissions compliance.
Proposal 0 is a pre-requisite to the ensuing discussion.
To determine necessary guard bands, RAN4 will conduct simulations and measurements to characterize the emissions for uplink and possibly ACS and blocking for downlink if needed.  In order to conduct such simulations and measurements, participating companies need to model the placement of sub-bands within the channel.  Moreover, at least in principle, all possible configurations of sub-bands within a wideband channel need to be analyzed.  The number of possibilities is too large.  To help facilitate the work, it is proposed that simplifying assumptions be taken.  These simplifying assumptions may eventually be reflected in the specification as limits to applicability of the requirements.  For example, it has already been agreed that in-carrier guard bands would only be multiples or PRB’s [3].  The following further assumptions are proposed

Proposal 1.  Carrier guard bands at the edge of the band are at least as large as provided by Table 5.3.3-1 of TS 38.101-1 for NR, regardless of the sub-band configuration within the channel.
Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1450
	1410
	1370



Proposal 2. Carrier guard bands when located away from the edge of the band are at least as large as NR guard bands from Table 5.3.3-1 of TS 38.101-1 rounded up to the next PRB.  
Proposal 1 states that if an 80 MHz channel is placed at the edge of Band n46, the guard band provided at that edge is at least 925 kHz wide for 30 kHz SCS.  Proposal 2 states that at any other 80 MHz channel edge which lies inside of Band n46, the guard band should also be at least 925 kHz wide, but rounded up to 3 RB’s. Thus, the channel edge inside the band will be larger than channel edges at the edge of the band due to the RB resolution.  Therefore, all guard bands within the channel will be multiples of PRB’s whether they are inter-carrier or intra-carrier.
Proposal 3. In-carrier guard bands are calculated on a per-sub-band basis independent of any adjacent sub-band.
It will be beneficial to be able to treat each sub-band as separable. In other words, when simulating the in-carrier guard band, the simulation should only need to consider the sub-band of interest irrespective of what sub-bands are in adjacent channels.  For example, if the configuration is (0,20,40,0), when simulating the in carrier guard band for the 20 MHz second sub-band, the guard band should be symmetrical and indifferent to the fact that there is an empty sub-band to the left and a 40 MHz allocated sub-band to the right.  Similarly, for the 40 MHz sub-band, the only consideration should be that the sub-band itself is 40 MHz.  To accomplish this, the guard bands should be defined on a per-sub-band basis.  For example, in the guard between 20 MHz and 40 MHz allocated sub-band, the minimum guard band for NR according to Table 5.3.3-1 of TS 38.101-1 is 805 kHz and 905 kHz for 20 MHz and 40 MHz channels, respectively, with 30 kHz SCS.  Therefore, while the total guard between the two sub-bands could be regarded as the sum of the individual guard bands, i.e., 1710 kHz, each guard band should instead be treated independently.  Therefore, the 20 MHz sub-band should be afforded a guard band of 805 kHz rounded up to the nearest PRB to be 3 RB’s.  Similarly, the 40 MHz sub-band should be 905 kHz rounded up to be 3 RB’s.  The total separation at the interface between the 20 MHz and 40 MHz sub-bands would then be 6 RB’s.  It is recognized that if the two sub-bands were to be treated together, the total separation would be 1710 kHz which rounds up to be 5 RB’s.  Therefore, by treating each sub-band independently, an extra RB is sacrificed in the process.  However, given the simplification offered by independent sub-band treatment and the aforementioned observation that the UE needs to autonomously make a determination whether the scheduled guard band is sufficient for it to meet emission requirements, it is proposed that the potential loss of a single RB in the in-carrier guard band is justified.
Proposal 4a. Only contiguous sub-band configurations are studied and specified (for both uplink and downlink).  The proposal that only contiguous sub-band configurations are specified is already made in [8], but the proposal here extends that to downlink as well.
The reasoning provided in [8] to consider only contiguous sub-band transmission on the uplink is that emission requirements are not well understood, RAN1 has not yet defined resource allocation for transmission of PUSCH across multiple sub-bands, and the amount of work required to complete specifications for both contiguous and non-contiguous allocations in the time remaining to complete the work item.  In addition to these reasons, for non-contiguous allocations, the expected power backoff is large [6] to comply with at least in-channel regulatory requirements making these types of configurations less useful in deployment.  For the downlink, it has been previously agreed [7] that basestation transmission of downlink sub-bands that are non-contiguous is feasible, but conditioned on in-carrier leakage requirements being WiFi-like (e.g. 20 dBr).  Since then, however, there has been ongoing discussion on the in-carrier leakage emission requirement with some companies proposing a transmission mask between non-contiguous sub-bands that is based on the ETSI multi-carrier mask.  Therefore, further study would be needed on the basestation transmitter to be able to support non-contiguous sub-bands.  The same condition on feasibility was also made for contiguous sub-bands so even if non-contiguous sub-bands are excluded, there is still work that remains.  
Proposal 4b. Consider the restriction that only configurations where the entire wideband channel is allocated are studied and specified (for both uplink and downlink).
With this proposal, only fully populated sub-band configurations are considered.  This removes configurations where there are unallocated sub-bands either at the edge of the wideband channel or in the interior of the wideband channel.  Since the previous agreement on feasibility for downlink was conditioned on WiFi-like requirements for both contiguous and non-contiguous sub-bands, and given that WiFi-like requirements (e.g. 20 dBr) have been challenged recently by several companies not only in 3GPP but also in ETSI, then the only unconditional conclusion that can be drawn is only fully allocated wideband channels can be supported.  The situation is the same for the uplink.  Other aspect such as radio imperfections have not been fully considered.  It has been discussed [4],[6] that LO and IQ image imperfections in the radio can lead to emissions violations in the wideband channel; yet, these are not properly reflected in ETSI regulatory requirements.  If so, then either radio design should be improved or regulatory requirements would need to be modified which is a procedure whose outcome is uncertain.  In fact, the only certainty with changing regulatory requirements is that even if possible, it will not be a contentious-free timely process.  All of these problems can be averted by restricted transmission, both uplink and downlink, to the case where all LBT sub-bands within the wideband channel are allocated.  In fact, with this proposal even the discussion of in-carrier guard bands can be avoided since the net effect is only a single wideband transmission covering the entire channel.  If agreed, an LS should be sent to inform RAN1 of RAN4’s agreement on wideband operation.  Moreover, if proposal 4b is agreed, all other proposals in this contribution are obsoleted.
Conclusion
In this contribution, several aspects related to wideband operation have been discussed.  One of the responsibilities of RAN4 is to define the required guard band sizes for sub-bands within a wideband carrier.  However, in order to effectively assess these guard bands, some understanding and agreement was be made on how RB’s and sub-bands will be placed within the wideband channel since the location of RB’s has an impact on spurious emissions generated.  The number of sub-band configurations is large, so simplifying assumptions have been proposed.
Proposal 0:  In a grant-based dynamic guard band scheme, the UE must be allowed to autonomously drop the uplink grant if the unallocated RB’s intended to be used as guard band do not conform to the assumptions and specifications used to enable emissions compliance.
Proposal 1.  Carrier guard bands at the edge of the band are at least as large as provided by Table 5.3.3-1 of TS 38.101-1 for NR, regardless of the sub-band configuration within the channel.
Proposal 2. Carrier guard bands when located away from the edge of the band are at least as large as NR guard bands from Table 5.3.3-1 of TS 38.101-1 rounded up to the next PRB.  
Proposal 3. In-carrier guard bands are calculated on a per-sub-band basis independent of any adjacent sub-band.
Proposal 4a. Only contiguous sub-band configurations are studied and specified (for both uplink and downlink).  The proposal that only contiguous sub-band configurations are specified is already made in [8], but the proposal here extends that to downlink as well.
Proposal 4b. Consider the restriction that only configurations where the entire wideband channel is allocated are studied and specified (for both uplink and downlink).
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