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1   Introduction
In RAN2#99bis and #100 meetings, the following agreements [1] [2]:

	Agreements in RAN2#99bis
1
PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
2
RAN2 works on PDCP data duplication for both CA and DC.

3
At least UM bearers are supported for PDCP duplication via CA.
Agreements in RAN2#100

1
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.
2
Support RLC UM for packet duplication via DC.


For the RLC AM for DRB case for PDCP duplication, it is an open issue, so this paper is to provide our analysis on this issue.
2   Discussion

In NR, it has been assumed that ARQ is not to be used for URLLC in RAN2 Adhoc meeting [3]:

	1
RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC.


However, in later RAN2#99 meeting, RLC AM for DRBs with DC/CA duplication is deprioritized and it is still possible to be supported.

	Priority in user plane session for addressing the stage 3 details:

1
UM for DRBs with CA and DC duplication; SRBs (AM) with DC duplication;

2
SRBs (AM) with CA duplication

3
AM for DRBs with DC duplication

4
AM for DRBs with CA duplication


Here we will analysis the case of RLC AM for DRB for packet duplication, and both DC and CA scenarios are considered.

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 0.5ms 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 lengths 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.
It is noted that for 10% BLER per HARQ, in order to achieve 99.999% reliability, the “HARQ Number” * “Required HARQ Number” should be equal or larger than lg(1-99.999%)/lg(10%) = 5; while for 5% BLER per HARQ, the “HARQ Number” * “Required HARQ Number” should be equal or larger than 4. The total delay is the duration from the first reception to the last HARQ feedback.
Table 1: Delay in AM with 99.999% reliability
	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 (2OS)
	10%
	8*0.14
	5
	10.29
	1
	5.14

	0.14 (2OS)
	10%
	8*0.14
	2
	3.73
	3
	7.43

	1
	5%
	8*1
	4
	56
	1
	28

	1
	5%
	8*1
	1
	8
	4
	28

	0.14 (2OS)
	5%
	8*0.14
	4
	8
	1
	4

	0.14 (2OS)
	5%
	8*0.14
	1
	1.14
	4
	4


In RAN1#90bis meeting, it is agreed in addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms. That means, both the reliability and latency requirements are relaxed. Table 2 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 99.99% reliability;
· For all TTI length, 8*TTI length HARQ RTT is assumed.
Table 2: Delay in AM with 99.99% reliability

	TTI length
	BLER per HARQ
	HARQ RTT(ms)
	HARQ Number
	ARQ RTT(ms)
	Required ARQ Number
	Total delay（ms）

	1
	10%
	8*1
	4
	56
	1
	60

	1
	10%
	8*1
	1
	8
	4
	36

	0.14 (2OS)
	10%
	8*0.14
	4
	8
	1
	8.57

	0.14 (2OS)
	10%
	8*0.14
	1
	1.14
	4
	5.14

	1
	5%
	8*1
	4
	56
	1
	28

	1
	5%
	8*1
	1
	8
	4
	28

	0.14 (2OS)
	5%
	8*0.14
	4
	8
	1
	4

	0.14 (2OS)
	5%
	8*0.14
	1
	1.14
	4
	4


In Table 1, with 99.999% reliability and 1ms latency requirements, it is impossible because no configurations can meet such requirements. In table 2, with 99.99% reliability and 10ms latency requirements, it is possible if some configurations are used, i.e. highlighted rows. 
.
Observation: For the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10ms, it can be met via short TTI mechanisms with RLC AM.
Proposal: It is proposed RAN2 to agree on supporting RLC AM for DRB for PDCP duplication.
3   Conclusion

In this paper, we discussed the support of RLC AM for DRB duplication. We have an observation:

Observation: For the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10ms, it can be met via short TTI mechanisms with RLC AM.

Based on observation, from technical point of view, it is possible to consider RLC AM for DRB for PDCP duplication, and it is useful for URLLC services. So we propose:
Proposal: It is proposed RAN2 to agree on supporting RLC AM for DRB for PDCP duplication.
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