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Introduction
In this paper, we discuss the issue regarding single or two MAC entities for URLLC. We also discuss the design of LCP procedure for URLLC. 
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Discussion
In RAN2 #97 meeting, RAN2 agreed to support PDCP PDU duplication as a redundancy scheme for URLLC for CA case, but it is FFS whether there is a single or two MAC entities. 
Agreement :

-
For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.
FFS whether this is a single or two MAC entities
One MAC entity with enhanced LCP procedure is sufficient. The reason is that even though we allow two MAC entities, if two duplicate PDCP PDUs are generated per PDCP PDU for a URLLC radio bearer, there will be three logical channels associated with the URLLC radio bearer. One of the two MAC entities still needs to handle two of the logical channels. If a MAC entity can handle two or more logical channels of the same URLLC radio bearer, we do not see a necessity to support two MAC entities.               

Proposal 
1: Single MAC entity is allowed for URLLC.
It was agreed to support more than one logical channel so that duplicate PDCP PDUs are sent over different carriers. The question is how a UE performs logical channel prioritization for URLLC.
When a MAC entity receives an uplink grant, the LCP allocates resources to logical channels and assembles a MAC PDU. Data from different logical channels can be multiplexed in the same MAC PDU as long as they do not belong to the same PDCP PDU. However, in order to simplify LCP procedure, for a URLLC radio bearer, when the MAC receives an uplink grant, the LCP should allocate resources to at most one of associated logical channels. 

Proposal 2: For a URLLC radio bearer, when MAC receives an uplink grant, LCP should allocate resources to at most one of associated logical channels. 
In the last meeting, it has been mentioned that a logical channel can be mapped to a specific carrier. The downside would be lack of scheduling flexibility. If the mapped carrier suffers from interference, the gNB may need to reconfigure the mapping, which could incur interruption time. 
Alternatively, the LCP can maintain a counter for each logical channel that is associated with a URLLC radio bearer. This counter is used to count the amount of data that have been transmitted for the logical channel. A logical channel is eligible to be transmitted on a carrier if its counter value is larger than or equal to the counter value of the last logical channel transmitted on the carrier for the same URLLC radio bearer. If there are multiple eligible logical channels, the one with smallest counter value is selected. 
For example, in Fig. 1, a URLLC radio bearer is associated with logical channel 1 and logical channel 2. The counter 1 and counter 2 are used to count the amount of data transmitted for the logical channel 1 and logical channel 2, respectively.
In Fig. 1(a), the MAC receives an uplink grant for transmission on the carrier 1. Both logical channel 1 and logical channel 2 are eligible for transmission on the carrier 1. Without loss of generality we assume logical channel 1 is transmitted on the carrier 1. The amount of data transmitted is 2. 
In Fig. 1(b), the MAC receives another uplink grant for transmission on carrier 2. Both logical channels are eligible for transmission. Because logical channel 2 has a smaller counter value, it is selected for transmission. The amount of data transmitted is 3.
In Fig. 1(c), another uplink grant is received for transmission on carrier 3. Both logical channels are eligible for transmission. Because logical channel 1 has a smaller counter value, it is selected for transmission. The amount of data transmitted is 2.
In Fig. 1(d), another uplink grant is received for transmission on carrier 1. Both logical channels are eligible for transmission. Because logical channel 2 has a smaller counter value, it is selected for transmission. The amount of data transmitted is 1. 
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Fig. 1: An example of counter-based LCP for URLLC.
Proposal 3: The LCP procedure described above should be considered for URLLC. 
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Conclusion

In conclusion, we have the following proposals. 
Proposal 
1: Single MAC entity is sufficient for URLLC.
Proposal 2: For a URLLC radio bearer, when MAC receives an uplink grant, LCP should allocate resources to at most one of associated logical channels. 
Proposal 3: The LCP procedure described above should be considered for URLLC.
1
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