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1. Introduction
RAN1 has achieved following agreement and working assumption [1]:
	Agreement:
· The number of subcarriers per PRB is 12
Working assumption:
· Adopt RB grid for FDM as it was agreed in TDM



In this contribution, we discuss remaining aspects of frame structure focusing on frequency-domain.

2. Subcarrier grid for nested resource block structure
Although the nested RB grid structure was agreed for multiplexing multiple numerologies in TDM at the RAN1#86 and also as working assumption for FDM in the RAN1#86bis, we point out that there are still some possible ambiguities how to locate the subcarrier center frequencies within each RB for different SCSs, or in other words how to define RB boundaries while keeping the nested RB structure. The upper part of Fig. 1 illustrates the agreed nested RB grid structure whereas the lower part shows 4 possible options/ambiguities of RB boundary for 4f0 SCS, just as an example, without exceeding the RB grid boundary based on the reference numerology of f0 SCS. Each red circle denotes center SC frequency. To resolve such ambiguities, the following proposal is made.
Proposal 1: 
· RAN1 to clarify the exact subcarrier locations within RB (or equivalently RB boundaries) per numerology according to the agreed nested RB structure.
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Fig. 1: An example of 4 possible options/ambiguities of RB boundary for SCS of 4f0 without exceeding the RB grid boundaries of the reference numerology.

To understand the impacts of the ambiguous options and how such ambiguities above could be resolved, we start with a straightforward approach illustrated in Fig. 2 where we consider four different SCSs of f0, 2f0, 4f0, and 8f0, just as an example. The first SCs for all the different SCSs are aligned on the first SC of the reference numerology of SCS of f0. In this approach, however, it is observed that interference to neighbor RBs is strongly biased to the left, i.e. towards the lower frequencies in Fig. 2, in particular for wider SCSs.
Observation 1
· Interference to neighbor RBs can be strongly biased in case of FDM of multiple numerologies in one carrier.
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Fig. 2: A straightforward approach to align the first SCs of all the SCSs.
To alleviate such strong interference bias for FDM of multiple numerologies, one can consider introducing some offsets for center SC frequencies according to the amount of SCSs. To be more specific, there are 2n choices as offset values (including zero offset) for SCS of 2n f0, without exceeding the RB grid boundaries based on the reference numerology. For example, for n=1, i.e., SCS of 2f0, there are only two possible offset values; either no offset (as shown in Fig. 3) or offset f0 to the right. The both options for n=1 result in no essential difference; interference is slightly biased to the left (as shown in Fig. 3) or to the right. For n=2 (or 3), i.e., SCSs of 4f0 (or 8f0), there are 4 (or 8) choices as offset values. Fig. 1 shows 4 offset values for n=2. It should be noted, though, that not all the combinations of the offset values among different SCSs are possible, if we consider the agreed nested SC mapping rule.
Figs. 3 and 4 illustrate two examples of introducing offsets, while satisfying the nested SC mapping rule. In the both figures, the interference to neighbor RBs is more balanced as compared to Fig. 2. Offset values other than Figs. 3 and 4 are also possible.
Observation 2: 
· SCS dependent frequency offsets can mitigate strongly biased interference to neighbor RBs. Such offset values for different SCSs can be chosen to satisfy the nested SC mapping rule.
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Fig. 3: An example of offsets to the first SCs for some SCSs, while keeping the nested SC mapping.
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Fig. 4: Another example of offset to the first SC, while keeping the nested SC mapping.

When we take a closer look into Figs. 3 and 4, we can make further observations as follows. The interference to neighbor RBs by the SCS 4f0 in Fig. 4 is more biased than that in Fig. 3, but more balanced interference is achieved for the SCS 8f0 in Fig. 4. Considering that interference to neighbor RBs is stronger with wider SC, the offset values in Fig. 4 may lead to less critical interference than in Fig. 3. On the other hand, if 8f0 is not often used or not needed at all, i.e., the offsets in Fig. 3 for up to 4f0 lead to more balanced interference to neighbor RBs than in Fig. 4. Therefore, proper combination of SCS dependent frequency offset values may depend on the range of SCSs to consider. Besides, the choice of offset values may affect other aspects of NR frame design such as reference signals. Thus, we make the following observations and proposal.
Observation 3: 
· Proper combination of SCS dependent frequency offset values may depend on the range of SCSs to consider.
Observation 4: 
· SCS dependent frequency offset values may affect other aspects of NR frame design such as reference signals.
Proposal 2: 
· RAN1 to adopt SCS dependent frequency offsets per numerology for NR.
· Offset values are defined with respect to the reference numerology
· Offset values are configurable by NW

3. Conclusion
In this contribution, we presented our views on subcarrier grid for nested resource block structure. Following observations and proposals were provided.
Observation 1
· Interference to neighbor RBs can be strongly biased in case of FDM of multiple numerologies in one carrier.
Observation 2: 
· SCS dependent frequency offsets can mitigate strongly biased interference to neighbor RBs. Such offset values for different SCSs can be chosen to satisfy the nested SC mapping rule.
Observation 3: 
· Proper combination of SCS dependent frequency offset values may depend on the range of SCSs to consider.
Observation 4: 
· SCS dependent frequency offset values may affect other aspects of NR frame design such as reference signals.
Proposal 1: 
· RAN1 to clarify the exact subcarrier locations within RB (or equivalently RB boundaries) per numerology according to the agreed nested RB structure.
Proposal 2: 
· RAN1 to adopt SCS dependent frequency offsets per numerology for NR.
· Offset values are defined with respect to the reference numerology
· Offset values are configurable by NW
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