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1. Introduction
In RAN2#97bis meeting, the following agreement was reached for LCP [1]:
-
Priority, PBR concept is used in NR as a baseline. 

-
For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer.  FFS on the details of how it is signalled 

-
Logical channel priority is configured per UE as a baseline.  FFS is anything needs to be done to done to treat logical channels differently
In this contribution, we analyze the remaining issues on the logical channel priority to support the introduction of multiple numerologies.
2. Discussion
2.1. Numerology and TTI
In NR, numerologies are identified via scaled SCS and length of CP in PHY layer. On the other hand, TTI is the minimum scheduling time unit from MAC perspective, corresponding to a number of consecutive symbols in the time domain. From latency point of view, it seems that LCP could only take the TTI duration of the UL grant into account. However, the numerology used for data transmission can be reconfigured/switched by a gNB semi-statically or even dynamically based on conditions such as UE speed changes, operating carrier frequency changes, channel delay spread changes or transmission mode changes, etc. Subcarrier and CP length could be selected to minimize the impact of frequency spread and delay spread. Therefore, not only the TTI duration, but also other characteristics of the numerology have impacts on the mapping between the logical channel and the numerology. To ensure forward compatibility with the possibility of introducing new numerologies or new features of numerologies in the future, we propose that MAC should be aware of the numerology of the allocated grant in addition to TTI length.
Proposal 1: MAC should be aware of the numerology of the allocated grant beyond TTI length.
MAC is expected to receive the details of the allocated grant from the PHY layer, as agreed in RAN2. For the PHY layer, the information should be derived from the grant itself (e.g. from the PRB locations) or from the control resource set for the grant (e.g. from the DCI format or indication field in the DCI).  However, the DCI or the control channel design should be left to RAN1.
Proposal 2: the grant information, including the numerology/TTI, is indicated to the UE via the grant itself or via the control resource set for the grant. The detailed design of the DCI or the control channel should be left to RAN1.
2.2. Priority per numerology
In RAN2#97bis, it is agreed that priority concept is used in NR and logical channel priority is configured per UE as a baseline. In LTE, the logical channel priority is assigned on a per UE basis since only one numerology is configured for the PUSCH. In NR, numerology specific priority should be supported to encourage data from a specific logical channel to be put into the MAC PDU which will be transmitted on more suitable numerologies. For instance, it is expected that eMBB data is more likely to be embedded into the MAC PDU for transmission on the numerologies with long TTI. On the other hand, the URLLC service should be de-prioritized on the numerology of long TTI compared with eMBB service.
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Figure 2 Numerology specific logical channel priority handling

Proposal 3: A single logical channel can be configured with numerology specific priority.
Figure 2 illustrates two alternatives of numerology specific logical channel priority handling rules, where each logical channel is configured to be associated with both numerology 1 and numerology 2. In Figure 2(a), similar LCP procedure as in LTE can be applied. For each numerology, the UE first allocates the resource to each logical channel to satisfy the PBR in a decreasing order of priority and then allocates the remaining resource for the remaining data associated with each logical channel in order of priority.

In Figure 2(b), a primary and a secondary logical channel group is defined for each numerology. For numerology 1, the primary logical channel group contains logical channel LCH1-LCH3, whilst the secondary logical channel group contains logical channels LCH4-LCH6. With this hierarchical logical channel grouping stem, logical channels LCH4-LCH6 can only be served on numerology 1 if the data of the logical channels LCH1-LCH3 have been exhausted. The same procedure applies to the LCP procedure on numerology 2, where the logical channels LCH1-LCH3 which belongs to the secondary logical channel group of numerology 2 are de-prioritized and are prohibited to use the radio resource if the logical channels LCH4-LCH6 which belongs to the primary logical channel group of numerology 2 still have data to transmit. 
The second alternative implies that different logical channels are treated in different steps of the LCP procedure. The benefit of the second alternative is to avoid eMBB data occupies the short TTI resource before all the URLLC data has been served. It also implies that URLLC data has opportunities for transmission on the long TTI resource if the short TTI resource is not allocated or not adequate in this TTI. Compared with the first alternative, the second alternative is more efficient at differentiating handling of logical channels based on the property of the numerology. 
Proposal 4: LCP rule should allow some logical channels to be precluded and to be served only after the data of the primary logical channels is exhausted.
2.3. PBR per numerology

In LTE, Prioritized Bit Rate (PBR) is defined for each logical channel, in order to transmit data in order of importance but also to avoid starvation of data with lower priority. Therefore, the PBR is the minimum data rate guaranteed for the logical channel. Configuration of PBR for a logical channel per numerology (e.g. value A for a first numerology and value B for a second numerology) violates such rules and may lead to unexpected results. For example, the minimum data rate of the logical channel will be determined not only by the PBR but also by the numerology of the allocated grant and number of grants allocated within a specific time period. Consequently, we propose that PBR per UE in LTE should be reused in NR and should be meet only once within a pre-defined time duration (e.g. a reference time unit: 1ms)

Proposal 5: PBR is configured per UE for each logical channel and should be meet only once within a pre-defined time duration. 

2.4. UL grant processing order
In CA case configured with multiple numerologies across different carriers, when a specific logical channel is mapped to a group of numerologies, the UE may need to construct multiple MAC PDUs for TBs from multiple carriers configured with distinct numerologies simultaneously. If the UE performs LCP sequentially on these UL grants from different carriers/numerologies, the amount of data of each logical channel put into the MAC PDUs may be different, as how much data UE sends in a numerology on one carrier also depends on how much data UE has for the resources left after PBR is satisfied. The processing order of UL grants from different carrier/numerologies may be determined either by network configuration, or by pre-defined criterion. The purpose of the numerology prioritization is for network to correctly calculate the amount of data expected from each logical channel and to allocate UL grant properly.
Proposal 6: When a logical channel is associated with multiple numerologies, the processing order of UL grants of different carriers/numerologies may be determined either by network configuration, or by pre-defined criterion. 
2.5. LCP procedure

From the analysis above we propose the entire LCP follows:
1． Select a UL grant for processing according to network configuration or pre-defined criterion, if CA with multiple numerologies is configured.

2． Select the associated logical channels for the numerology/TTI duration of this UL grant.

3． Apply LCP on the logical channels selected in step 2.

4． Apply LCP on other logical channels if there is room left in the grant after step 3.
Proposal 7：The LCP in NR should be carried out according to the above procedure.
3. Conclusion
In this contribution, we analyze the remaining issues on the logical channel priority to support the introduction of multiple numerologies, and we have the following proposals:
Proposal 1: MAC should be aware of the numerology of the allocated grant in addition to TTI length.
Proposal 2: the grant information, including the numerology/TTI, is indicated to the UE via the grant itself or via the control resource set for the grant. The detailed design of the DCI or the control channel should be left to RAN1.
Proposal 3: A single logical channel can be configured with numerology specific priority.
Proposal 4: LCP rule should allow some logical channels to be precluded and to be served only after the data of the primary logical channels is exhausted.

Proposal 5: PBR is configured per UE for each logical channel and should be meet only once within a pre-defined time duration. 
Proposal 6: When a logical channel is associated with multiple numerologies, the processing order of UL grants of different carriers/numerologies may be determined either by network configuration, or by pre-defined criterion.
Proposal 7: The LCP in NR should be carried out according to the above procedure.
4. Reference

[1] RAN2#97bis chairman minutes

3GPP


_1539234627.vsd
UE


5G-NB 


SR/BSR


UL grant (Numerology 1)



