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1. Introduction 
This contribution discusses reference numerology and symbol level alignment agreed in the RAN#86 meeting. 
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms
· Alignment within a subframe (working assumption)
· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
In order to ensure the same understanding of the above (potentially confusing) agreements within RAN1, we elaborate on the agreements through some example scenarios on alignments of multiple numerologies. The agreement on 1 ms alignment from RAN1#85 is also relevant to this discussion and reminded below:
· For the numerology with 15 kHz and larger subcarrier spacing, 1 msec alignment is supported.
We also address the following open issue from RAN1#86 and propose that all the UEs in a given NR carrier are configured the same reference numerology.
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier

· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not.
2. Time alignment for reference and non-reference numerologies
We discuss and elaborate on which alignment rule to apply between reference numerology and symbol level alignment. By using the example numerology scenarios presented below, we show that the agreements mean that the numerology alignments are performed as follows from a UE perspective:
· transmissions using the reference numerology - the reference numerology itself becomes the reference for alignment
· transmissions using a different numerology from the reference numerology – applies symbol level alignment to the reference numerology. 

It is noted that the reference numerology, such as CP length for each symbol index, can be defined in NR specs for each subcarrier spacing and CP type. The transmissions using the reference numerology can follow the numerologies specified in the specs. The exemplary scenarios provided below can explain the alignment operations more clearly.
Scenario 1 (Figure 1):

· All UEs have 15 kHz SCS as the reference numerology

· Network configures the whole frequency resource with 15 kHz eMBB subframes

· A UE is scheduled for a URLLC data with 60 kHz SCS within a subframe, with using a mini-slot of eight symbols
· The URLLC data shares the same frequency resource region with the eMBB data
In this example scenario, as the URLLC data uses 60 kHz SCS which is different from the reference numerology 15 kHz SCS, the eight OFDM symbols of the URLLC data should be aligned at the symbol boundaries of the 15 kHz SCS, as illustrated in Figure 1. It is noted that the URLLC symbols on 15 kHz symnbol#7 has longer duration due to the alignment with symbol#7 of the reference numerology, which has longer CP duration than the other symbols for the 15 kHz SCS reference numerology. 
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Figure 1. 15 kHz SCS is reference, 60 kHz SCS is TDM multiplexed within a subframe.

Scenario 2 (Figure 2):

· All UEs have 15 kHz SCS as the reference numerology

· Network configures the whole frequency resource with 15 kHz eMBB subframes

· A UE is scheduled for a URLLC data with 60 kHz SCS within a subframe, with using a mini-slot of eight symbols 
· The URLLC data occupies separate frequency resource region from the eMBB data
The above Scenario 2 is different from Scenario 1 in that the eMBB and the URLCC data are transmitted on separate frequency resource region. All the other assumptions are identical. In time alignment perspective, Scenario 2 is the same as Scenario 1 because the URLLC data uses 60 kHz SCS which is not the reference numerology. Therefore, the URLLC symbols should be aligned with the 15 kHz eMBB symbols at symbol boundaries as illustrated in Figure 2. Whether the eMBB and the URLLC traffic uses the same or different frequency resource region is irrelevant to the time alignment. From each UE perspective, whether the numerology of the transmitted channel/signal is the reference numerology or not determines the time alignment rule. 
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Figure 2. 15 kHz SCS is reference, 60 kHz SCS is FDM multiplexed within a subframe.

Scenario 3 (Figure 3):

· UE#1 is configured with 15 kHz SCS as the reference numerology 

· UE#2 is configured with 60 kHz SCS as the reference numerology

· UE#2 is scheduled multiple URLLC traffic within a 1 ms internal where eMBB traffic has been scheduled to UE#1
In this Scenario 3, an important question is whether the 60 kHz SCS URLLC traffic for UE#2 should be aligned at symbol boundaries of 15 kHz eMBB traffic for UE#1. The correct answer is that the URLLC traffic for UE#2 follows only the reference numerology corresponding to 60 kHz subcarrier spacing as illustrated in Figure 3. This is because 60 kHz SCS is the reference numerology form the UE#2 perspective. As the URLLC and the eMBB data are sent from different UEs using their own reference numerologies, symbol alignment does not need to be met. The subframe duration of the URLLC traffic is 0.25 ms which is four times scale-down of 1 ms interval in accordance to the scale-up of the subcarrier spacing to 60 kHz. It is noted that the subframes of 60 kHz URLLC traffic and the subframes of 15 kHz eMBB traffic are aligned at every 1 ms boundary, but symbol boundary is not aligned each other because each SCS employs its own reference numerology for each symbol index.
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Figure 3. UE#1 15 kHz SCS reference, UE#2 60 kHz SCS reference.

Based on the observations above, we provide the following remarks about the agreements on reference numerology and symbol alignment. 

Remark on agreements (reference numerology and symbol alignment)
· In case of transmission using a reference numerology

· The reference numerology itself is the reference for alignment.
· The reference numerology values (CP length for each symbol index, number of symbols per subframe) can be defined in NR specs for each subcarrier spacing and CP type.
· In case of transmission using a numerology different from the reference numerology
· The transmitted symbols are aligned at symbol boundaries of the reference numerology.

3. Single vs. multiple reference numerology
Reference numerology defines subframe duration for a given NR carrier, from each UE perspective. Any benefit and need to allow for different reference numerologies among the UEs in a given carrier are unclear yet. On the other hand, defining a single reference numerology per carrier can offer multiple benefits. 

If the reference numerology is the same among the UEs in a given carrier, multiplexing and alignment of multiple numerologies becomes cleaner and can reduce the implementation overhead at gNBs. Referring to Figures 2 and 3 in the previous section, URLLC symbol timings in Figure 2 and Figure 3are different although both URLLC traffic uses 60 kHz subcarrier spacing. This is because 60 kHz SCS for the URLLC in Figure 2 is not a reference numerology for the UE, but the URLLC in Figure 3 has 60 kHz SCS as a reference numerology. If reference numerologies can be different between UEs, the two transmissions using even the same SCS can have different symbol timings depending on whether each of the transmissions is based on a reference numerology or not. This can complicate the symbol timing handling at gNB. If only a single reference numerology is defined in a given carrier, the subcarrier spacing of a transmission unambiguously defines the symbol timing along with reference to the reference numerology. 
Also, a single (= cell common) reference numerology in a given carrier enables the UEs to receive DL control channels without acquiring any UE specific configuration information, because the UEs may receive the information about the reference numerology during initial access procedure. This allows to avoid any potential chicken-egg problem which could occur during state transition into the active state due to the issue that a UE specific reference numerology is difficult to be informed to the UE without being aware of the numerology the UE should use to receive DL control and data channels. 
On the other hand, mMTC services may need to employ smaller subcarrier spacing than eMBB and URLLC, and mMTC specific UEs may benefit from being configured a reference numerology suited to the mMTC services. Whether multiple reference numerologies should be supported considering this scenario is for further investigation. 
Proposal (single vs. multiple reference numerology)
· A single reference numerology is defined in a given carrier and applied to all the UEs (FFS: mMTC).
4. Conclusion 

In this contribution, we discussed and elaborated on reference numerology and alignment of multiple numerologies based on the agreements from RAN1#86b. We also addressed the open issue of whether to allow different reference numerologies to different UEs for a given NR carrier. Based on the observations and discussions, we provide the following remarks and proposal:
Remarks on agreements (reference numerology and symbol alignment)
· In case of transmission using a reference numerology

· The reference numerology itself is the reference for alignment.

· The reference numerology values (CP length for each symbol index, number of symbols per subframe) can be defined in NR specs for each subcarrier spacing and CP type.

· In case of transmission using a numerology different from the reference numerology

· The transmitted symbols are aligned at symbol boundaries of the reference numerology.

Proposal (single vs. multiple reference numerology)
· A single reference numerology is defined in a given carrier and applied to all the UEs (FFS: mMTC).
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