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1
Introduction
Considering the requirements of URLLC, some special data processing procedures are needed. In this contribution, the handling and processing of URLLC data in L2 are discussed.
2
Discussion
2.1
PDCP process
In LTE, the service provided by PDCP entity includes header compression, ciphering and routing. 
- Header compression
Header compression in PDCP not only reduces the loads of TCP/IP headerbut also  increases the reliability of the transmission on the Uu interface,  therefore this function is useful for URLLC.
- Ciphering
Ciphering is  a time-consuming function compared with other functions used for data processing. Whether this function is necessary depends on the requirement on the delay and the safety.
 - Routing
In DC, the PDCP entity decides which leg shall be selected to transmit the PDCP PDUs, and routes these PDUs to the RLC entity of the selected leg. Obviously, if URLLC data is routed in PDCP entity, the delay of X2 interface shall be minimized, otherwise, the delay of X2 interface may exceed the total delay requirement of URLLC. 
In NR, there are three alternatives of DC architectures as in figure 1. For alternative 1, both MgNB and SgNB could guarantee the QoS of URLLC, so it is  the MeNB’s responsibility to decide whether the MeNB or the SeNB shall be selected to transmit the URLLC packet. For alternative 2 and alternative 3, the URLLC packets can only be routed to the NR gNB, since LTE NB could not provide the satisfied delay performance less than 0.5ms. 
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Figure 1: URLLC transmission in three DC architectures
In LTE, a PDCP PDU can be transmitted via MeNB OR SeNB. For URLLC data, the duplication transmission is beneficial for the delay and reliability performance, where a PDCP PDU shall be delivered to both the MeNB and the SeNB for transmission. This duplication routing mechanism could only be applied in alternative 1. Furthermore, this duplication routing mechanism is transparent to RLC layer. The performance of PDCP duplication routing is analysed in [1].
Proposal 1: If delay of X2 interface is less than URLLC latency requirement, duplicate routing of URLLC data can be applied by PDCP in the MgNB.
If any one of the legs could provide sufficient QoS for URLLC, duplicate routing illustrated above would not be needed. For the DL, whether duplicate transmission via PDCP split bearer is used is left to the network implementation, and the UE can discard the duplicated PDCP PDUs if duplication reception is detected. For the UL, the UE shall be configured to apply this duplicate routing.
Proposal 2: PDCP in the UE supports packet duplication and routing of duplicates via different links.
2.2
RLC process
There are 2 fundamental RLC functions in NR: segmentation and ARQ
                                    Table 1: the function and RLC mode
	Segmentation
	ARQ
	RLC mode

	Not used
	Not used
	TM

	Used
	Not used
	UM

	Not used
	Used
	AM

	Used
	Used
	AM


Whether segmentation is used or not depends on the packet size. The packet size of URLLC has been determined to be 32-200 Bytes in RAN1 [2], but without the final agreement about the frequency of packet size change. We consider 3 cases:
Case 1: Packet size is semi-statically configured to one value

In this case, the grant free resource with fixed TB size shall be applied to URLLC session, and this TB size could be same with or larger than the configured packet size, so the segmentation is not needed.
Case 2: Packet size is semi-statically configured to several values

One possibility is to assign multiple grant free resources associated with these packet sizes. When a packet arrives, the corresponding grant free resource will be selected to transmit this packet, and therefore segmentation is not needed as well. This solution need additional resources and may introduce extra delay. 
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Figure 2:

Another solution is to assign only one type of grant free resource according to one of the configured packet sizes and use segmentation.
Case 3: Packet size is dynamic

In this case, segmentation is needed.
Another issue is the ARQ function. In LTE, RLC PDU or PDU segments may be retransmitted when the RLC status report is received which indicates this RLC PDU or PDU segments has not arrived before the T-reordering expires. However, such retransmission mechanism is not suitable for URLLC data because of strict delay budget requirement. One possibility is to trigger the RLC PDU or PDU segment retransmission before receiving the RLC status report, i.e. blind retransmission. 
  However, such a function could as well be performed by HARQ retransmission in MAC, which avoids creating the same TB twice. The only possible advantage of using blind ARQ in RLC would be that it could provide higher reliability if both transmissions are on different cells. However, selecting a cell with high SINR to transmit the URLLC data could also avoid this.
Proposal 3: RLC retransmission (ARQ) is not used for URLLC.
2.3
MAC process
Considering the delay budget and reliability requirement of URLLC data, special processing in MAC is necessary. Current HARQ retransmission based on the ACK/NACK might be too slow, so the blind retransmission could be considered. The URLLC packet shall be retransmitted until:
· The corresponding ACK is received, or
· The time expires and the packets become invalid and useless, or
· The pre-defined number of retransmission is reached. For example, if the BLER for one transmission is 90%, gNB could configure that one URLLC TB could be retransmitted at least5 times in order to attain the BLER of 99.999%.
Proposal 4: HARQ retransmission without feedback is supported.
In LTE, HARQ retransmission always happens on the same cell, so if the radio conditions degrades suddenly and such a situation lasts longer than 0.5ms, HARQ transmission cannot solve the problem. In this case, some enhancement to the current HARQ retransmission is needed. We consider 2 alternatives of enhancement to  solve this issue:
· Alternative 1: duplicate transmission with separate HARQ process, and HARQ combination across cells
In this alternative, one TB is transmitted via different HARQ processes in different cells (cell 1 and cell 2 in the figure below) and an indication is provided to the receiver that the TBs in HARQ processes of different cells (#3 HARQ process in cell 1 and #5 HARQ process of cell 2 in the figure) shall be combined together. 
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 Figure 3: Duplicate transmission with separate HARQ process
The combination performance of this alternative is better than  the traditional HARQ retransmission via one cell, because it could combine the copies from multiple cells to take the advantage of the link diversity..
· Alternative 2: duplicate transmission with one HARQ process
For this alternative, one TB is identified by a single  HARQ process which transmits this TB via multiple cells. In the example of figure 4, the HARQ entity and HARQ process of cell 2 are not involved in the transmission. The HARQ process of cell 1 transmits copies of TB via the radio resource of cell 2, which is like the cross-cell scheduling in CA.  In the receiver side, the TBs from cell 1 and cell 2 are delivered to the HARQ process 3 of cell 1, and combined in the corresponding buffer.
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 Figure 4: Duplicate transmission with one HARQ process
In LTE, the transmission and retransmissions of a HARQ process stem from the same MAC TB. From this perspective, alternative 1 and alternative 2 are the same. In LTE, HARQ transmission and retransmission happen in the same cell. From this point, alternative 1 is more aligned with LTE. For alternative 1, the HARQ transmissions in two HARQ processes are independent, and these 2 copies could be combined in receiving side. If both of these two HARQ processes could not acquire the correct TB, the combination of these two HARQ processes may still provide the correct result. For alternative 2, one HARQ process could transmit one TB via two cells at the same time, which changes the fundamental principle of HARQ process. So, alternative 2 implies more modification to the current MAC procedure.
Proposal 5: MAC duplicate transmission shall be supported.
3
Conclusions
This contribution analyses URLLC process procedure, with the following proposals:

Proposal 1: If delay of X2 interface is less than URLLC latency requirement, duplicate routing of URLLC data can be applied by PDCP in the MgNB.
Proposal 2: PDCP in the UE supports packet duplication and routing of duplicates via different links.
Proposal 3: RLC retransmission (ARQ) is not used for URLLC .
 Proposal 4: HARQ retransmission without immediate feedback is supported.
Proposal 5: MAC duplicate transmission shall be supported.
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