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Spectral utilization and RB alignment have been discussed for several RAN4 meetings. However, there is still some confusion on how to derive the RB placement in a channel and a WF to study this issue further was agreed [1]. In this paper we further analyze this topic and present some proposals.
2. 	Discussion
RB placement in a channel and alignment among numerologies was discussed previous meetings, however, there still is some confusion. The WF agreed in [1] is listing several open issues that should be addressed. We elaborate on this issue below and present solutions to the problems raised. RAN1 previously agreed that subcarrier 0 of a higher order numerology has to be aligned with subcarrier 0 of a lower order numerology. This agreement introduces some boundariers on RB alignment, however, is not enough to derive the boundaries of all the RBs in a channel.
RAN4 agreed the maximum spectral utilization for different numerologies in [2]. Considering this and the RAN1 agreement described above there could still be multiple ways to alocate RBs with different numerologies in a channel. This is illustrated in Figures 1-a and 1-b with a 5MHz example and 15kHz and 30kHz numerologies.


 
Figure 1-a. RB placement in a 5MHz channel							Figure 1-b. RB placement in a 5MHz channel
From the agreed spectral utilization the minimum guardband needed to meet the emission requirements can be derived. The RBs for all numerologies have to be placed in the channel such that this minimum guardband is met. This introduces another boundary on the RB placement options, however, most likely this is not enough to derive the RB placement as will be discussed below.
NR design introduces a lot of flexibility in how the UEs operate in different channel bandwidths. It is already agreed that UEs could support different channel bandwdiths and should be able to operate in different gNB channel bandwidths(e.g. UE operates in 100MHz while the gNB channel is 400MHz). In order to enable such operation and to also maintain future compatibility(e.g. addition of new channel bandwdiths), the UE should be able to operate in any gNB channel bandwidth in a transparent way(UE does not need to be aware of the gNB channel bandwidth). As such, UE should be able to derive the RB placement/alignment for supported numerologies without knowing the gNB channel bandwidth or boundaries. 
Observation 1. UE should be able to derive the RB placement/alignment for supported numerologies without knowing the gNB channel bandwidth or boundaries.
This observation is explained in Figure 2. In this example the gNB is operating a 10MHz channel and UE1 and UE2 are each assigned a 5MHz channel within this 10MHz channel. Depending on where the 5MHz channel is placed, the RB alignment is different from a UE point of view. The UE should be able to derive the RB placement without knowing the gNB channel bandwidth.


Figure 2. RB alignment for UEs operating a narrower channel within a larger gNB channel
In RAN4 it was already shown that based on the minimum guard band requirements and the RAN1 agreement on subcarrier 0 alignment, the resulting guardband could become asymmetric for some numerologies. Consequently, the number of RBs might have to be reduced compared to the maximum as documented in [2]. In order to maximize the spectral utilization, the gNB should be pick the “reference” subcarrier spacing for which it wants to optimize the spectral utilization and align the RBs among numerologies such that the minimum guardband is not violated. 
Observation 2. The gNB should pick the RB placement for different numerologies to optimize spectral utilization while meeting the minimum guardband requirements derived based on the maximum spectral utilization. 
In order for the UE to derive the RB placement that is chosen by the gNB, signaling from the gNB would be needed. The network would have to inform the UE of a reference point in which the subcarrier 0 for all numerologies supported in the channel is aligned. RAN4 should send an LS to RAN1/2 about the need for this signaling mechanism. The detailed signaling mechanism could be left to RAN1/2. Some possible signaling options for reference points are further discussed in [X]. 
Proposal 1. Introduce signaling from the gNB to the UE to enable the UE to derive the RB placement within the UE assigned channel. Send LS to RAN1/2 to ask them to introduce the necessary signaling.
One of the options described in [1] was to align RB#0 for all numerologies. Based on the agreed spectral utilization, this would lead to very inefficient utilization of spectrum because the RB locations would have to follow the highest order numerology to be used. This would results in an unnecessarily large guardband for lower order numerologies.
3. 	Conclusion
In this paper we further analyzed the RB placement/alignment for NR with different numerologies. We made the following observations and proposal:
Observation 1. UE should be able to derive the RB placement/alignment for supported numerologies without knowing the gNB channel bandwidth or boundaries.
Observation 2. The gNB should pick the RB placement for different numerologies to optimize spectral utilization while meeting the minimum guardband requirements derived based on the maximum spectral utilization. 
[bookmark: _GoBack]Proposal 1. Introduce signaling from the gNB to the UE to enable the UE to derive the RB placement within the UE assigned channel. Send LS to RAN1/2 to ask them to introduce the necessary signaling.
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