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1 Introduction
NR (New Radio Access Technology) will be designed in a way that a variety of services with different technical requirements will be supported in a single framework. For this purpose, RAN1 and RAN2 study several techniques from the air interface point of view. In particular, RAN1 discusses how to efficiently support multiple numerologies, each of which will be probably used for a specific service. With regard to this issue, the following shows some agreements made in the last RAN1 meeting.

	Agreements:
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective


	Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain


The above RAN1 agreements describe that NR considers multiplexing different numerologies and/or use cases in TDM and/or FDM within/across one or more subframes for a UE. Although there will be further discussion, they can be a reasonable baseline to discuss this issue in RAN2.
A lot of contributions that were submitted to the last RAN2 meeting suggest guidelines on how to design the RAN part of network slicing. One of the main issues in this discussion is whether each slice uses dedicated radio resources (e.g., time, frequency and preamble) or shared radio resources. If a set of radio resources are assigned to each slice in a dedicated manner, it can be avoided that one slice blocks other slices. On the other hand, if several slices share common radio resources, underutilization of the resources can be avoided. Both of these two options have pros and cons so that further discussion on how to allocate available radio resources to multiple slices should be required.
In this contribution, we consider the case where several slices share common radio resources for higher radio resource utilization. Moreover, we assume that each (or some) of the slices uses different numerologies, for example, slices S1 and S2 use numerologies N1 and N2, respectively. On the basis of such a scenario, we focus on a UL scheduling issue, that is, how a UE that currently has UL traffic of different slices in its buffer performs transmission? Note that the same issue exists in DL but highly depends on implementation. On the other hand, in case of UL, some MAC procedures including LCP (Logical Channel Prioritization) are required to be standardized to support this scenario. This aspect is also discussed in our companion contribution [1]. In this context, we will review the LCP in LTE and discuss how it should be improved in NR if a UE simultaneously uses multiple services that operate on different numerologies.
2 Motivation of LCP Enhancement in NR
Throughout this contribution, we have the following assumptions to discuss the issue described in the previous section.

	1. A UE is simultaneously using multiple slices (or services) denoted by S1 and S2.
2. The slices, S1 and S2, mainly use different numerologies, N1 and N2, respectively.
A. This does not preclude that S1 (S2) can be transmitted on N2 (N1).
3. S1 and S2 share common radio resources (i.e., time and frequency resources).
4. The TTI length of N2, denoted by TTI2, is shorter than that of N1, denoted by TTI1 (i.e., TTI1 > TTI2).
5. The service on S2 requires shorter latency than that on S1.
6. The UE currently has UL traffic of S1 and S2 to transmit in its buffer.
7. Each slice corresponds to a set of logical channels.


Some of the above assumptions (e.g., the assumption 1) are aligned with the description of network slicing in TR 22.891 [2]. As a result, having the following proposal is beneficial to make progress on the RAN2 discussion of the RAN part of network slicing.

Proposal 1: The following assumptions can be considered as a baseline for the discussion on the RAN part of network slicing.

(1) A UE can use multiple slices simultaneously.
(2) One slice either uses dedicated radio resources or shares radio resources with other slices.
(3) Radio resources with different numerologies can be assigned to a UE to support multiple slices.

If we met the similar situation in LTE, the UE would perform UL scheduling based on the LCP procedure. The following shows the brief summary of the LCP in LTE.
	The Logical Channel Prioritization procedure is applied when a new transmission is performed. The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j.
The MAC entity shall allocate resources to the logical channels in the following steps:

· Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order.
· Step 2: The MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1.

· Step 3: If any resources remain, all the logical channels are served in a strict decreasing priority order until either the data for that logical channel or the UL grant is exhausted, whichever comes first.


The above LCP procedure may work well for multiple services that use the same numerologies (i.e., the same TTI length). Then, what should we consider further on top of this LCP in order to support multiple services that mainly use different numerologies in NR?
Note that, since different numerologies have different TTI lengths and processing times, they show different HARQ timelines (i.e., from initial transmission to ACK/NACK to retransmission), as illustrated in Fig. 1.
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Figure 1 Different HARQ timelines for different TTI lengths
If we reconsider our assumptions from the perspective of the use of different numerologies, the following two cases can be observed.
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Figure 2 Impact of using multiple numerologies on LCP from latency perspective
(  Case 1
At T1, the UL resource with the numerology N1 is allocated to the UE.
· The UE puts all the UL traffic of S1 and S2 into the allocated resource with N1.
· We herein assume that the size of the allocated resource is enough.

(  Case 2
At T1, the UL resource with the numerology N1 is allocated to the UE.
· The UE only puts the UL traffic of S1 into the allocated resource with N1.
· The UE does not put the UL traffic of S2 into the allocated resource with N1 since it knows S2 mainly uses the resource with N2.
At T2, the UL resource with the numerology N2 is allocated to the UE.
· The UE puts the UL traffic of S2 into the allocated resource with N2.
· Note that Case 2 is the same as the situation where S1 and S2 use separate radio resources.
We now compare these two cases from the latency perspective. Fig. 2 shows that the resource that has a longer HARQ timeline is allocated earlier. Then, how does the UE use this resource to transmit the UL traffic of S1 and S2 that have different latency requirements?
If the UE does not know that the resource with N2 having a shorter TTI will be allocated within a certain deadline, it is the best choice to put all the UL traffic in the buffer into the currently available resource (i.e., the resource with N1) as early as possible.
On the other hand, if the UE knows that the resource with N2 having a shorter TTI will be allocated within a certain deadline, it is the best choice to put the UL traffic of each service into the resource that is mainly used for the service. By doing so, the traffic of S2 can be received earlier than that of S1 although it is transmitted later. This phenomenon is illustrated in Fig. 2.
However, it is difficult for a UE to know future scheduling information in advance (e.g., knowing at T1 whether the resource with N2 will be scheduled within a certain deadline or not). As a result, it can be a reasonable approach that a pre-defined rule of the LCP procedure reflects not only the priority among logical channels (or services/slices) but also that among numerologies (or TTI lengths).

Observation 1: When multiple services and multiple numerologies are simultaneously supported to a UE using shared radio resources, the mechanism for the UE to use a given resource (e.g., LCP) affects the performance of each service especially with respect to latency.
3 Possible Options for LCP Enhancement in NR
To tackle this problem, we suggest the following options for LCP.
(  Option 1
The LCP procedure in NR supports prioritization among different services for a specific numerology. In other words, numerology-specific logical channel priorities are defined by RRC and the UL scheduling is performed based on these priorities. The following describes an example of this option.
· When the UE puts its UL traffic into the allocated resource with the numerology N1, the following priority among different services is applied: S1 > S2 for N1.
· When the UE puts its UL traffic into the allocated resource with the numerology N2, the following priority among different services is applied: S2 > S1 for N2.
( Option 2
The UE has a default priority among services. In addition, when allocating UL grant, the eNB indicates the service that has the highest priority for this UL grant. Note that the service with the highest priority may depend on the numerology of the allocated UL resource. The following shows an example of this option.
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Figure 3 LCP adaptation based on default priority and 5G-NB indication
( Option 3
UL traffic of a certain service that has stringent latency requirement is allowed to transmit multiple times within a pre-defined deadline using the resources with different numerologies.
The pros and cons of these options are summarized in Table 1.
Table 1 Comparison of the options
	
	Pros
	Cons

	Option 1
	A pre-defined rule is used so that no additional real-time signalling is required.
	The LCP procedure becomes more complex due to the consideration of multiple numerologies.

	Option 2
	The eNB can control the UL transmission according to the numerology of the UL resource.
	UL grant should indicate the service with the highest priority so that overhead in control channel increases.

	Option 3
	The UE and the eNB try their best to achieve QoS in terms of latency by allowing multiple transmissions on different numerologies.
	A waste of UL resources is expected.


Proposal 1: The following assumptions can be considered as a baseline for the discussion on the RAN part of network slicing.

(1) A UE can use multiple slices simultaneously.

(2) One slice either uses dedicated radio resources or shares radio resources with other slices.
(3) Radio resources with different numerologies can be assigned to a UE to support multiple slices.

Proposal 2: The following operations should be considered to enhance the LCP procedure in LTE considering multiple services and multiple numerologies supported in NR.
(1) The LCP procedure in NR supports prioritization among different services for a specific numerology.
(2) A UE can adapt its LCP based on the pre-configured default priority and a dynamic indication of priority information from an eNB.
(3) UL traffic of a certain service that has stringent latency requirement is allowed to transmit multiple times within a pre-defined deadline using the resources with different numerologies.
4 Conclusion
Observation 1: When multiple services and multiple numerologies are simultaneously supported to a UE using shared radio resources, the mechanism for the UE to use a given resource (e.g., LCP) affects the performance of each service especially with respect to latency.
Proposal 1: The following assumptions can be considered as a baseline for the discussion on the RAN part of network slicing.

(1) A UE can use multiple slices simultaneously.

(2) One slice either uses dedicated radio resources or shares radio resources with other slices.
(3) Radio resources with different numerologies can be assigned to a UE to support multiple slices.
Proposal 2: The following operations should be considered to enhance the LCP procedure in LTE considering multiple services and multiple numerologies supported in NR.
(1) The LCP procedure in NR supports prioritization among different services for a specific numerology.
(2) A UE can adapt its LCP based on the pre-configured default priority and a dynamic indication of priority information from an eNB.

(3) UL traffic of a certain service that has stringent latency requirement is allowed to transmit multiple times within a pre-defined deadline using the resources with different numerologies.
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