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1 Introduction
In the RAN2 #99 meeting, we discussed the prioritization between MAC CE and LCH. This issue was raised due to the following phenomenon.
· In LTE, the priority between MAC CE and LCH is hard-coded, where MAC CE generally has a higher priority than LCH. If this approach is used in NR, it can happen that the transmission of URLLC data is delayed due to that of MAC CE.
In this contribution, we will summarize several methods that have been proposed so far and will share our view on this issue.
2 Discussion
According to 36.321 [1], it is described that the MAC entity shall take into account the following relative priority in decreasing order.
· MAC control element for C-RNTI or data from UL-CCCH;
· MAC control element for DPR;
· MAC control element for SPS confirmation;
· MAC control element for BSR, with exception of BSR included for padding;
· MAC control element for PHR, extended PHR, or dual connectivity PHR;
· MAC control element for sidelink BSR, with exception of sidelink BSR included for padding;
· Data from any logical channel, except data from UL-CCCH;
· MAC control element for recommended bit rate query;
· MAC control element for BSR included for padding;
· MAC control element for sidelink BSR included for padding.
Since data from any logical channel has a lower priority than some of the MAC CEs, the allocated UL resource will be used to transmit these MAC CEs first and then the remaining resource will be used to transmit data from any logical channel through the LCP procedure. This method of handling MAC CE is still applicable to NR especially for eMBB. However, in case of URLLC that should keep the strict latency requirement, it is questionable whether the hard-coded priority between MAC CE and LCH is enough to support URLLC.
To make further progress on this issue, we identify the following options from the online discussion and the contributions submitted to the last meeting [2][3][4].
Option 1) No special handling in specification
This option suggests to adopt the LTE-like approach and to leave this issue as gNB implementation.
· The priority between MAC CE and LCH is hard-coded as in LTE.
· The gNB simply allocates UL resource large enough to accommodate both MAC CE and URLLC data.
Although there is no impact on specification, we should investigate whether this option is not really harmful to support URLLC. We will take a look at this aspect later in this contribution.
Option 2) Configurable priority between MAC CE and LCH
This options suggests to give the gNB the capability to (re)configure the priority between MAC CE and LCH.
· The default priority between MAC CE and LCH is hard-coded as in LTE.
· The special priority for URLLC is configured by the gNB and applied to the LCP procedure when URLLC data is arrived at UE’s buffer.
It is obvious that this option is useful to support URLLC by setting the special priority in a way that URLLC data has a higher priority than MAC CE. However, it needs additional works for specification, such as how to define the special priority, when to switch between the default priority and the special priority, and so on.
Option 3) Mapping restriction between MAC CE and numerology/TTI
This option suggests to avoid the situation where MAC CE and URLLC data are simultaneously transmitted on the same resource.
· The default priority between MAC CE and LCH is hard-coded as in LTE.
· The gNB configures a set of numerologies/TTI durations/etc. that are not allowed to transmit MAC CE, which might be mapped to the LCH for URLLC.
· The UE transmits MAC CE only when the UL resource that is allowed to transmit MAC CE is allocated.
This option might be useful when the UE uses multiple services, for instance, eMBB and URLLC, where MAC CE can be transmitted with eMBB data, instead of URLLC data. However, it might not work for the UE that uses URLLC only. In this case, simultaneous transmission of MAC CE and URLLC on the same resource is unavoidable. The pros and cons of each option are summarized in Table 1.

Table 1 Comparison of Options 1, 2 and 3
	
	Pros
	Cons

	Option 1
	• No additional specification is needed.
	• Careful investigation is needed on whether it is not harmful to support URLLC.

	Option 2
	• The priority of URLLC data can be configured higher than that of MAC CE
	• Additional specification is needed.

	Option 3
	• Avoid simultaneous transmission of MAC and URLLC data on the same resource.
	• Additional specification is needed.
• Not useful for URLLC only UE.



Observation 1: If NR adopts the relative priority between MAC CE and LCH specified in LTE, it can happen that the transmission of URLLC data is delayed due to the MAC CE whose priority is higher than URLLC data.
Observation 2: We have identified the following options to handle the prioritization issue between MAC CE and LCH.
· Option 1: No special handling in specification (i.e., scheduling issue)
· Option 2: Configurable priority between MAC CE and LCH
· Option 3: Mapping restriction between MAC CE and numerology/TTI
Observation 3: Additional specification is required to support the configurable priority between MAC CE and LCH (i.e., Option 2) and the mapping restriction between MAC CE and numerology/TTI (i.e., Option 3), which may need non-negligible online/offline discussion time.
If we consider the limited timeline for NR specification, it is beneficial that the prioritization between MAC CE and LCH is treated without an impact on specification (i.e., Option 1). In this context, we now investigate whether this option is not harmful to support URLLC.
Among the MAC CEs that have a higher priority than data, we need to focus on BSR and PHR, since the other MAC CEs have their own purposes (i.e., random access or SPS) or special applications (i.e., NB-IoT or sidelink).
The size of BSR could be as big as 10 bytes (8 LCGs) and the size of PHR could be as big as 16 bytes (assuming 5 serving cells, PUCCH SCell configured). The maximum size would occur only in limited scenarios so that the size would be usually just a few bytes in normal scenario.
It would be difficult to correctly estimate the frequency of those MAC CEs. However, since the frequency of PHR is somehow controlled by periodicPHR-Timer, the gNB has means to manage the frequency to an acceptable level. If we assume that the timer is set to 100 ms, the expected data rate due to PHR would be just few hundreds of bytes per second, which might be no considerable burden to URLLC data handling. Regular BSR is not prohibited by timer, but no application would generate new data, for example, every ms. Even if such traffic exists, the gNB can control the occurrence of regular BSR by not mapping such traffic with LCG. Then, it would be logical that the expected data rate of BSR would also be just few hundreds of bytes per second.
Observation 4: BSR and PHR may not cause significant data rates so that may be no considerable burden to the transmission of URLLC data, although their priorities are higher than that of URLLC data.
Proposal: We propose the following method to handle the prioritization between MAC CE and LCH.
· The priority between MAC CE and LCH is hard-coded as in LTE.
· How to handle URLLC data with MAC CE is a gNB implementation issue.
· For instance, the gNB simply allocates UL resource large enough to accommodate both MAC CE and URLLC data.
3 Conclusions
Observation 1: If NR adopts the relative priority between MAC CE and LCH specified in LTE, it can happen that the transmission of URLLC data is delayed due to the MAC CE whose priority is higher than URLLC data.
Observation 2: We have identified the following options to handle the prioritization issue between MAC CE and LCH.
· Option 1: No special handling in specification (i.e., scheduling issue)
· Option 2: Configurable priority between MAC CE and LCH
· Option 3: Mapping restriction between MAC CE and numerology/TTI
Observation 3: Additional specification is required to support the configurable priority between MAC CE and LCH (i.e., Option 2) and the mapping restriction between MAC CE and numerology/TTI (i.e., Option 3), which may need non-negligible online/offline discussion time.
Observation 4: BSR and PHR may not cause significant data rates so that may be no considerable burden to the transmission of URLLC data, although their priorities are higher than that of URLLC data.
Proposal: We propose the following method to handle the prioritization between MAC CE and LCH.
· The priority between MAC CE and LCH is hard-coded as in LTE.
· How to handle URLLC data with MAC CE is a gNB implementation issue.
· For instance, the gNB simply allocates UL resource large enough to accommodate both MAC CE and URLLC data.
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