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1   Introduction
In RAN2#96 meeting, there were following agreements:
96 Agreements

FFS: Whether RLC-AM can be used to provide the URLLC service requirements, and whether any optimizations are required for this.

3: 
Multi-connectivity (e.g. with packet duplication, link selection) should be studied for achieving the reliability requirements for URLLC. 

In this paper, we try to analyze the RLC mode operation for URLLC.
2   Discussion
As stated in TR 38.913, the requirement of URLLC is very strict, e.g. 0.5ms delay with 99.999% reliability for DL and UL. In order to achieve such high reliability, ARQ in AM RLC could be considered first. Currently, ARQ can achieve 99.999% reliability which can meet the requirement of reliability in URLLC easily. However, ARQ in current RLC AM is based on the status report from peer entity, which will take a rather long time, e.g. 75ms RLC RTT is assumed in LTE as depicted in Figure 1. It is obviously far from meeting the requirement of 0.5 ms delay for URLLC. 
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Figure 1 ARQ mechanism in current RLC AM 
Recently, short TTI was discussed in LTE and NR, which reduces both TTI length and processing time. Table 1 shows the RTT in AM with different length of TTI based on the following assumption:
· 10% or 5% BLER per HARQ transmission;
· Maximum 5 HARQ (re)transmission to achieve 99.999% reliability; 
· For all TTI length, 8*TTI length HARQ RTT is assumed.
Table 1 Delay in AM with different length of TTI 
	TTI length
	BLER per HARQ
	HARQ RTT(ms)
	HARQ Number
	ARQ RTT(ms)
	Required ARQ Number
	Total delay（ms）

	1 
	10%
	8*1
	5 
	72 
	1
	36

	1
	10%
	8*1
	2
	24
	3
	52

	0.14
	10%
	8*0.14
	5
	10.29
	1
	5.14

	0.14
	10%
	8*0.14
	2
	3.73
	3
	7.43

	0.07
	10%
	8*0.07
	5
	5.14
	1
	2.57

	0.07
	10%
	8*0.07
	2
	1.71
	3
	3.71

	1 
	5%
	8*1
	5 
	72 
	1
	28

	1
	5%
	8*1
	2
	24
	3
	36

	0.14
	5%
	8*0.14
	5
	10.29
	1
	4

	0.14
	5%
	8*0.14
	2
	3.42
	3
	5.14

	0.07
	5%
	8*0.07
	5
	5.14
	1
	2

	0.07
	5%
	8*0.07
	2
	1.71
	3
	2.57


According to above Table 1, it can be seen that even the short TTI is used, the requirement of delay cannot be met at all under 99.999% reliability requirement. What’s more, for RLC AM, the reordering window is based on “push”, which leads to long latency naturally. Therefore, if RLC transmission is performed for higher reliability for URLLC, transmission-feedback-retransmission based scheme i.e. AM is not feasible. 
Besides, in early discussion for Rel-8 LTE, a scheme called ARQ-HARQ interaction based on local NACK from MAC transmitting side was proposed in [1] for faster ARQ retransmission as shown in Figure 2. In the transmitting side a local HARQ failure indication, referred to as Local NACK from the HARQ level to the ARQ level, can be used immediately to speed up possible ARQ retransmissions of relevant data. This is much simpler and faster than waiting for normal ARQ status report from peer entity. 
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Figure 2 Faster ARQ retransmission based on local NACK
In order to evaluate the performance of the related mechanism, here a brief calculation of delay based on local NACK is shown in Table 2. We assume that 
· 10% or 5% HARQ BLER; 
· 0 ms HARQ-ARQ interaction;
· For all TTI length, 8*TTI length HARQ RTT is assumed 
Table 2 Delay in AM based on local NACK
	TTI length
	BLER per HARQ
	HARQ RTT(ms)
	HARQ Number
	ARQ RTT(ms)
	Required ARQ Number
	Total delay（ms）

	1 
	10%
	8*1
	5 
	36 
	1
	36

	1
	10%
	8*1
	2
	12
	3
	36

	0.14
	10%
	8*0.14
	5
	5.14
	1
	5.14

	0.14
	10%
	8*0.14
	2
	1.71
	3
	5.14

	0.07
	10%
	8*0.07
	5
	2.57
	1
	2.57

	0.07
	10%
	8*0.07
	2
	0.86
	3
	2.57

	1 
	5%
	8*1
	5 
	36 
	1
	28

	1
	5%
	8*1
	2
	12
	3
	23

	0.14
	5%
	8*0.14
	5
	5.14
	1
	4

	0.14
	5%
	8*0.14
	2
	1.71
	3
	4

	0.07
	5%
	8*0.07
	5
	2.57
	1
	2

	0.07
	5%
	8*0.07
	2
	0.86
	3
	2


As observed in Table 2, the shortest latency based on local NACK is 2 ms in condition of 1OS short TTI. In other conditions, the latency becomes longer. In all, although the mechanism of ARQ based on local NACK is faster than traditional ARQ, it is still hard to meet the requirement because of the serial procedure of transmission-feedback-retransmission. Besides, the change of ARQ principle from “retransmission upon NACK” to “retransmission until ACK is received” will increase the transmission load significantly as more retransmission is needed before ACK is received. 
In a summary, RLC AM cannot meet the requirement of URLLC due to the delay of feedback. 
Observation 1: To meet the requirement of URLLC, RLC transmission cannot rely on the feedback mechanism, i.e. AM is not feasible.
Proposal 1: to meet the requirement of URLLC, RLC AM should not be considered.
Considering the delay due to feedback, another solution is that the RLC entity performs duplicated transmission blindly. In this scheme, RLC sends the same data several times to MAC without waiting for any feedback (i.e. blindly). Then MAC will transmit each of duplicated RLC PDUs based on MAC schemes.[2]
In the following sections, we will analyze RLC blind duplication with TM and UM respectively.
2.2   Blind duplication based on RLC TM 
If blind duplication is performed in RLC TM, it seems that both low latency and high reliability can be achieved. The RLC entity just duplicates each PDCP PDU several times without waiting for any feedback and indication. It seems simpler and easier. 
However, as is known, RLC TM does nothing with a packet, i.e. no segmentation, no adding SN. If blind duplication is performed based on RLC TM mode, there will be following issues to be addressed:
· Because of no SN, RLC receiving side cannot perform duplication detection and discard, in addition, because of no PDCP entity for RLC TM mode, duplication detection in PDCP is not feasible. Then amounts of duplicated packets may be delivered to upper layer which results in heavy processing load. 
· Because of no SN, RLC receiving side cannot perform in-sequence delivery to upper layer.
· Because of no segmentation, the UL grant/ DL assignment shall be large enough to accommodate all the duplicated packets, which limits the resource allocation and degrades the resource efficiency.
· Because of duplication operated above MAC layer, MAC may multiplex the duplications of a same PDCP PDU into one TB. In this case, there will be no reliability gain.
Therefore, blind duplication based on RLC TM is not feasible to meet the requirement of URLLC.
Observation 2: blind duplication based on RLC TM is not feasible to meet the requirement of URLLC.
2.3   Blind duplication based on RLC UM
In RLC UM, segmentation and adding SN are both supported. So the issues of the first 3 bullets mentioned above for RLC TM can be well solved.
However, the remaining issue and some other issues should be taken into account:
· Because the RLC constructs a RLC PDU according to MAC indication, a same duplication of a RLC PDU cannot be constructed due to different RLC PDU size indicated by MAC. It has to resegment the RLC PDU and record how many duplicates are transmitted for each byte of a RLC SDU. Accordingly, additional complexity is expected.
· For RLC UM, the reordering window is pull based. It means that some packets may be lost when the packets have been pulled out of the receiving window, which results in low reliability.
· The same issue, as mentioned in RLC TM mode, is that duplications may be multiplexed into one TB which decreases reliability obviously.
Therefore, there is still much challenge to use blind duplication based on RLC UM for URLLC.
Observation3: there is much challenge to use blind duplication based on RLC UM for URLLC.
Besides, for the scheme of blind duplication based on both RLC TM and RLC UM, more radio resource will consume for blind transmission. Thus, the efficiency of duplication at RLC layer will decrease. 
In a summary, according to above observations and analysis, it is not feasible to introduce RLC level duplication for URLLC. In addition, based on the progress of previous meeting, PDCP level duplication/reordering (at least for DC) shall be supported anyway; it seems no additional benefit to introduce the RLC level duplication for now. Therefore, we propose not to support RLC level duplication for URLLC.
Proposal 2: not support RLC level duplication for URLLC.
3   Conclusion
In this paper, we discussed the RLC mode operation for URLLC and we have the following observations and proposals:
 Observation 1: To meet the requirement of URLLC, RLC transmission cannot rely on the feedback mechanism, i.e. AM is not feasible.
Proposal 1: to meet the requirement of URLLC, RLC AM should not be considered.
Observation 2: blind duplication based on RLC TM is not feasible to meet the requirement of URLLC.
Observation 3: there is much challenge to use blind duplication based on RLC UM for URLLC.
Proposal 2: not support RLC level duplication for URLLC.
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