3GPP TSG-RAN WG2 Meeting #95
R2-165179
Gothenburg, Sweden, 22nd – 26th August 2016
Agenda Item:
9.4.2.3 (Other user plane aspects)
Source: 
Fujitsu
Title:
MAC function for URLLC support
Document for:
Discussion and Decision
1. Introduction
For URLLC, the target for user plane latency is 0.5ms for UL, and 0.5ms for DL, where the latency is defined as L2/L3-to-L2/L3 delay [1]. This contribution looks at QoS handling and logical channel prioritization for URLLC in MAC layer.
2. QoS handling: Logical Channel Prioritization
Logical channel prioritization (LCP) was specified from LTE Rel-8 MAC specification for supporting QoS handling.
	LCP procedure in TS36.321


5.4.3
Multiplexing and assembly

5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD).

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. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

-
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. If the PBR of a logical channel is set to “infinity”, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);

-
Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
	End


As in the above procedure, the LCP procedure in LTE/LTE-Advanced is aiming at guarantee of the bit rate of the data traffic in order to avoid starvation. On the other hand, for URLLC traffic in NR, the guarantee of the latency of the data traffic should be the target. The question is if the current LCP procedure based on the bit rate can guarantee the latency for URLLC in NR. 

Fig.1 depicts an example. Example 1 is a case where LC=1 conveys URLLC traffic. The PRB is assume to be 2, which means that the 2 packets need to be transmitted in order to meet the latency requirement. Example 2 is a case where LC=1 (Logical Channel 1) also conveys URLLC traffic. The PRB is set to infinity to allocate radio resources immediately when URLLC data is available for transmission to meet the latency requirement. In both examples, LC=2 conveys other traffic and the PRB is set to 4.
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Fig.1 Example behaviour when legacy LCP is applied to URLLC data.
In Example 1, it is assumed that the radio condition is not so good, so that the UE cannot receive enough UL resources and the resource size is assumed to be 3. If this is the case, the UE behaviour is not clear since the UL grant distribution to each bearer is up to the UE implementation. One of basic UL grant distributions is proportional to the PRB i.e. one packet can be transmitted for LC=1 and two packets can be transmitted for LC=2 at the first transmission timing. However, in this allocation, the URLLC cannot meet the latency requirement since it needs to transmit two packets at every transmission timing. For example, at the second transmission timing, the first packet cannot meet the latency requirement of URLCC e.g. 0.5ms since the queueing delay (D) becomes 1.0.
To address this under-resource allocation, a straightforward approach is to set PRB of LC=1 is Infinity. In Example 2, all UL grant are allocated to LC=1 according to the LCP procedure. Although it causes the over-resource allocation, i.e. the resource allocation for the last packet is not needed and it should be transmitted in the second transmission timing, the URLLC can meet the latency requirement for URLCC e.g. 0.5ms . Drawback of this method is that it causes the starvation of LC=2 at the fist timing of the resource allocation.
With these examples, the LCP procedure based on PRB seems not to be so suitable to handle traffic with latency requirement. It is better to be handled by other parameters not PRB. One candidate is a parameter, e.g. Latency, to meet the requirement of delay requirement. It could be set to 0.5ms for URLLC. The detailed LCP procedure using Latency is FFS for now and could be discussed later. If we take one example, it would be that the queueing delay (D) of packet is measured and the UL resource are allocated to only packets that D is close to Latency. With this example method, packets are always transmitted within the latency requirement.
Proposal 1:
RAN2 is respectfully asked to identify challenges of LCP procedure in NR and study enhanced LCP procedure.
3. Summary of Proposals
Based on the above discussions, our proposals are described in the following.
Proposal 1:
RAN2 is respectfully asked to identify challenges of LCP procedure in NR and study enhanced LCP procedure.
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