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1   Introduction
In RAN2#100 and #101 meetings, the following agreements [1] [2] were made for support of RLC AM for packet duplication. 
	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.

Agreements in RAN2#101
1
Support of RLC AM for packet duplication via DC for DRB.

2
Support of RLC AM for packet duplication via CA for DRB.


However, in RAN#79 meeting, it was agreed that Rel-15 URLLC focusing on 1ms latency bound [3] as shown below:

	Way forward on LTE URLLC WI

· To support enhanced reliability focusing on 1ms latency bound in Rel-15, only the following are to be specified by June:
· PCFICH reliability: Semi-static configuration of PCFICH duration to avoid PCFICH reliability impacting the overall DL reliability (RAN2 led)
· Blind/HARQ-less repetition for scheduled DL-SCH operation (RAN1 led)
· Finalise details of RAN1 agreement to support blind/HARQ-less PDSCH repetition.
· Using legacy (S/E)PDCCH, (S)PUCCH formats (if applicable); any discussion of potential DCI modifications is limited to support of blind/HARQ-less repetition
· All four variants (as identified in RAN1#92) are valid for further discussion. 
· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)
· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)
· PDCP data duplication (RAN2)
· For the solutions above, introduce any necessary UE and base station core requirements [RAN4]
· Second priority (best effort only): Provision of sufficiently granular time reference value to a UE (RAN2) 
Any possible Rel-16 work is to be discussed in the context of overall Rel-16 work planning.


In this paper, we will revisit the agreements of support of RLC AM for DRB in URLLC by taking into account RAN plenary agreements.
2   Discussion

In NR, it has been assumed that ARQ is not to be used for URLLC in RAN2 Adhoc meeting [4]:
	1
RLC retransmission (ARQ) is not assumed to be used for meeting the strict user plane latency requirements of URLLC.


However, in RAN2#101 meeting, RLC AM is agreed to be supported for packet duplication for DRB, which is conflict with the agreements in RAN#79. Here we will analysis the problem of RLC AM for packet duplication.

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


It can be observed from Table1 that the minimum delay is 4ms with 0.14 (2OS) TTI length. Therefore, it is impossible to meeting the requirement of 1ms latency in URLLC with above assumption. 

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. Obviously, the relaxation of latency is conflict with RAN plenary meeting. We assume the reliability relaxation is still valid. Table 2 shows the RTT in AM with different length of TTI based on the following assumption with relaxed reliability:

· 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


The same as above observation, the minimum delay with relaxed reliability is 4ms which doesn’t meet the requirement of 1ms latency for URLLC. Therefore, RLC AM for DRB in CA and DC cases should not supported for URLLC.
Observation: The latency of RLC AM cannot meet the requirement of 1ms latency in URLLC.
Proposal: RLC AM for DRB in CA and DC cases is not supported for URLLC.
3   Conclusion

In this paper, we revisited the agreement of support of RLC AM for URLLC. We observed and proposed:
Observation: The latency of RLC AM cannot meet the requirement of 1ms latency in URLLC.
Proposal: RLC AM for DRB in CA and DC cases is not supported for URLLC.
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