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Introduction
In this tdoc, we discuss the number of LCGs that should be supported in NR. We also discuss the maximum and minimum buffer size for NR.
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Discussion
Services such as URLLC, eMBB, and mMTC are supported in NR. It may be desirable to differentiate URLLC service from other services and handle it differently. In general logical channels with the same traffic type can be configured in the same LCG. The same numerologies can be used to transfer data for logical channels in the same LCG. When a gNB receives a BSR for a LCG, the gNB knows which numerology should be used for an uplink transmission. In the last meeting, there are proposals to support per-LgCh logical channel BSR. However, that could be achieved by configuring a LCG with only one logical channel. Therefore, we think it is sufficient to support per-LCG BSR in NR. 
Proposal 1: NR supports per-LCG BSR.
In LTE, the maximum number of LCGs is 4. In NR because new service URLLC and multiple numerologies are supported, the number of LCGs may need to be increased. There are 5 high reliability and low latency scenarios described in the TR 22.862. The 5 scenarios are industrial factory automation, industrial process automation, ultra-reliable communication, VR/AR, and local UAV collaboration and connectivity. 

The ultra-reliable communications supports mission critical services as shown in the following table. For those applications, most uplink transmissions are related to remote control and transmission of critical information. 

	Ultra-reliable communication
	1 Industrial control systems (from sensor to actuator, very low latency for some applications)
2 Mobile Health Care, remote monitoring, diagnosis and treatment
3 Real time control of vehicles, road traffic, accident prevention
4 Wide area monitoring and control systems for smart grids
5 Communication of critical information with preferential handling for public safety scenarios
6 Multimedia Priority Service (MPS) providing priority communications to authorized users for national security and emergency preparedness
7 Substation protection and control
8 Smart grid system with distributed sensors and management
9 Public Safety


For example, a user may utilize VoIP to collaborate with his colleagues to remotely control machines. To ensure safety, the user also wears sensors and transmits heartbeat/temperature to the control centre. During the communications, the user may also receive or transmit instant messages from/to other colleagues. This example runs out of 4 LCGs, resulting in no rooms for other traffic types. 
Also RAN2 has agreed to support PDU duplication. Two logical channels are associated with each URLLC radio bearer. If RAN2 agrees to restrict transmission of the two logical channels to different CCs, the two logical channels should be configured in different LCGs; otherwise, the gNB does not know on which CC it should grant an uplink transmission. Therefore, NR may need to support more than 4 LCGs.   
In NR, if only 4 LCGs are supported, the UE have two MAC entities providing total 8 LCGs in EN-DC case. But in SA case, there is only one MAC entity providing 4 LCGs which may not be adequate in some scenarios. If NR supports 8 LCGs, in either NSA or SA, 8 LCGs could support most URLLC cases.  

Proposal 2: NR supports 8 LCGs.
In LTE the minimum buffer size (BS) is defined according to VoIP SID size. We think that is still applicable to NR. So we proposed to support minimum BS to be the size for transporting a VoIP SDI. 

Proposal 3: In NR the minimum buffer size is the size for transporting a VoIP SDI.
In LTE, the maximum BS is 150 Kbytes and 3 Mbytes for normal and extended BS, respectively. The 3 Mbytes is derived based on the assumptions that the processing and latency are 2 RTT (i.e. 16ms), transport block size is 75376 bits, and there are 5 CCs and 4 layers MIMO. In NR we have two options to decide the maximum BS:
· Option 1: NR supports maximum BS of 3 Mbytes as LTE.

· Option 2: The Maximum BS is derived by maximum transport block supported by NR.

As described in the previous section, one of high reliability and low latency use case is VR/AR that has critical requirements on transfer bandwidth. An example is to play 8K VR/AR video with 250 Mbps data rate. With this 250 Mbps data rate, the 8K video generates (250*16/1000)/8 = 0.5 Mbytes within 16 ms. The 0.5 Mbytes is still smaller than 3 Mbytes that can be reported to a gNB. In most cases, there would be at most one 8K video on the uplink. Other traffic type such as VoIP have smaller data rate compared to the 8K video so the maximum BS of 3 Mbytes could still be reused in NR.
Alternatively, the maximum BS can be derived from the maximum transport block size, sported number of CCs, etc, in NR. Although the resulting maximum BS could be larger enough to allow a LCG to fill up an empty transport block, that may be a rare case. To support such a case, the length of buffer size field in MAC control element may need to increase, which could incur more signaling overhead. Also when a new maximum transport block is introduced, the buffer size table should be updated to reflect the change.        

Proposal 4: In NR the maximum buffer size is 3 Mbytes.
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Conclusions
In conclusion, we have the following proposals. 
Proposal 1: NR supports per-LCG BSR.
Proposal 2: NR supports 8 LCGs.

Proposal 3: In NR the minimum buffer size is the size for transporting a VoIP SDI.
Proposal 4: In NR the maximum buffer size is 3 Mbytes.
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