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1 Introduction

Based on the framework of single MAC entity as proposed in [1], we should further consider which aspects in the MAC should be improved considering supporting large diversity of services and different numerologies in NR. In this contribution, we focus on the logical channel multiplexing/prioritization issues and enhancements which can be regarded as the answer to the second FFS from last RAN2 #96 meeting:
Agreements

1
A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.

FFS: Whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)

FFS: Whether a single logical channel can be mapped to one or more numerology/TTI duration.
FFS: Whether a single HARQ entity can support one or more numerology/TTI duration

2 Discussion
2.1 Logical channel prioritization in LTE

In LTE, data from different logical channel can be multiplexed in one transport channel by applying the procedure of logical channel prioritization (LCP). The motivation for LCP procedure in LTE is that different logical channel carries data from different radio bearers which have different QoS levels. When a new transmission is initiated, the MAC is responsible for multiplexing the data from different logical channels in the same granted resources. Then it is the LCP which decides the amount of data for each logical channel to be multiplexed in the granted resources. By doing so, the UE can in principle satisfy the QoS of different radio bearers in a proper way.
It should be noted that there is only one single numerology supported by LTE physical layer, which is 1ms TTI duration. Thus, the LCP procedure is not designed for supporting the multiple numerologies case in physical layer. In LTE, each logical channel is maintained with a variable PBR (prioritized bit rate) which is configured by the RRC singling. The PBR could guarantee the minimum data rate for each logical channel even when the logical channel has lowest priority. There are mainly two steps for the LCP implementation. In the first step, each logical channel is served with the amount of data limited by the PBR*TTI. After all the logical channels are served by corresponding PBR and if there is any resource space left in the grant, the second step is performed with no limitation of the resources again until either the grant resources are exhausted or there is no data in the logical channels.
Observation 1 The LCP procedure in LTE is designed for the case that the physical layer can only support one single numerology case.
In NR, it has been agreed in RAN1 that NR should support multiple numerologies, on one carrier or on different carriers. The services that the NR should support may have larger variety of QoS levels than that in LTE, for example, the URLLC requires ultra low latency while eMBB requires higher throughput. Those different services should be simultaneously served by the same UE which may have different numerologies in the physical layer. Basically, if the single MAC entity is adopted, the legacy LCP procedure in LTE can still be used as the baseline for handling the QoS requirements for different logical channels, since it can reduce the standardization complexity.

Proposal 1 LCP procedure in LTE could be taken as the baseline when considering logical channel multiplexing in NR.
2.2 Issues of logical channel multiplexing and prioritization in NR
There are some issues need to be carefully considered when there are multiple numerologies supported in the physical layer in NR. 
The first aspect is that how to map different logical channels in different grant with specific numerology. Intuitively, there are mainly three ways of mapping: fixed mapping, dynamic mapping and semi-static mapping, which are accordance to most of the companies views [1]
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[2]. We have summarized the meaning of the mapping and the pros and cons in the Table 1:
Table 1 Mapping between logical channels and numerologies
	
	Meaning
	Pros
	Cons

	Fixed mapping
	One logical can be only mapped to one set of numerologies
	No signalling overhead
LCP applied well
	Low resource efficiency

	Dynamic mapping
	One logical can be only dynamically mapped to one or several set of numerologies
	High resource efficiency
	Large signalling overhead

LCP need to be update

	Semi-static mapping
	Fixed mapping + signalling to indicate dynamic mapping
	Relatively high resource efficiency
	Relatively high overhead


In NR, we believe that each logical channel will have a set of associated numerologies which include a maximum TTI duration. For example, for those logical channels with URLLC packets, only the numerologies with relatively small TTI duration should be mapped in order to guarantee the minimum delay requirements. For the logical channels with eMBB packets, the numerologies with large TTI duration could be mapped in order to improve the throughput. The mapping relationship could be firstly configured by the high layer signalling, e.g., RRC signalling, thus there is no need for introducing DCI like signalling to inform the UE about the mapping when scheduled. 
The second aspect is, however, we should not restrict the mapping between logical channels and a set of numerologies. In order to improve the resource efficiency, the packets in the logical channels originally mapped to a specific set of numerologies are flexibly multiplexed into the granted resources with other different numerologies. For example, if a grant resources with numerology which is mapped to logical channel for URLLC has left space, it should have some way to let the eMBB packets in the logical channel originally mapped to large TTI numerology use the left space. In order to achieve this, semi-static mapping is an option, which has a better trade-off between signalling overhead and resource efficiency than other two options.
Proposal 2 NR could support semi-static mapping between logical channels and numerologies considering the trade-off between signalling overhead and resource efficiency.

The third aspect is that, the UE should have ways to indicate which numerology the grant is related to. This issue is related to the interface design between PHY and MAC, since in current LTE, the grant is indicated by the downlink control information through certain format, e.g., DCI format 0 or 4, as shown in the Figure 1. As we can see in the figure, the UE can not identify which numerology the grant use if we still reuse the DCI format 0 or 4. So it’s preferred to add a new DCI format or update the existing formats to let the UE know the numerology used for the grant. Then, the specific problem is which information should be included in the updated DCI format. We think one of the options is to include the maximum TTI the numerology can support, of course other information could be also included. The main motivation is that in the current RAN 1 meeting, it has been agreed that at least the TTI for different numerology should be visible to the MAC, and the other reason is that the TTI is the key factors to influence the delay which is important to some delay sensitive services.
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Figure 1 One example of DCI format 0 and 4
Proposal 3 The TTI durations for different numerologies should be visible to the MAC layer in order to perform the logical channel and numerology mapping.

Proposal 4 Whether the TTI durations should be included in one of the DCI formats or not needs to be studied. 

2.3 Suggested steps of logical channel multiplexing in NR

Based on the above analysis, a proposed procedure of logical channel multiplexing in NR is shown below based on the semi-static mapping between logical channels and numerologies. 
Step 1: mapping logical channels with a set of numerologies through high layer signalling;

Step 2: applying legacy LCP for those logical channels which can be mapped to the numerology provided by the given grant.

Step 3: applying legacy LCP for other logical channels when the given grant has left space.
Those steps are different from the current LCP in LTE, and the detailed signalling design could be further studied.
Proposal 5 The procedure of logical channel multiplexing in NR proposed above could be considered. 
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
The LCP procedure in LTE is designed for the case that the physical layer can only support one single numerology case.
Proposal 1
LCP procedure in LTE could be taken as the baseline when considering logical channel multiplexing in NR.
Proposal 2
NR could support semi-static mapping between logical channels and numerologies considering the trade-off between signalling overhead and resource efficiency.
Proposal 3
The TTI durations for different numerologies should be visible to the MAC layer in order to perform the logical channel and numerology mapping.
Proposal 4
Whether the TTI durations should be included in one of the DCI formats or not needs to be studied. 

Proposal 5
The procedure of logical channel multiplexing in NR proposed above could be considered.
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