3GPP TSG-RAN WG2 Meeting #96
R2-168845
Reno, USA, 14th – 18th November 2016
Agenda item:
9.2.1.2
Source:
Samsung
Title:
Packet Duplication for URLLC
Document for:
Discussion & Decision
1 Introduction

In RAN1#86bis meeting [1], RAN1 made the following agreement on URLLC:
	· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data

· Further study TTI duration and achievable latency based on at least one retransmission

· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)

· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability


In RAN1 perspective, small HARQ BLER by robust channel coding and short HARQ RTT by short TTI (e.g. based on minislot) can be considered to meet the tight latency and reliability requirement of URLLC.
In RAN2 perspective, one possible solution to satisfy the requirement is packet duplication via multiple links (e.g., both MeNB-leg and SeNB-leg in dual connectivity) [2]. This paper investigates the efficiency of packet duplication.
2 Discussion
2.1 Packet Duplication in LTE Dual Connectivity
In LTE, both RLC and PDCP have duplication detection function based on sequence number. Hence, if TX PDCP sends duplicated packet via different legs, only PDCP PDU which arrives earlier can be processed at RX PDCP. The PDCP PDU which arrives later is discarded without any change in specification. Also, packet duplication does not violate to other layer-2 functions. Furthermore, in-sequence delivery of RLC was deleted in the last RAN2 meeting. This agreement eliminates additional latency due to RLC reordering when packet duplication is performed.

Observation 1. Implementation does not have restriction of packet duplication in NR user plane protocol. 
2.2 Inefficiency
Even though packet duplication may have some improvement on reliability and latency, there are some disadvantages due to protocol architecture as follows:

· Air resource consumption: Packet duplication consumes more physical resource because double resource allocations at both legs are required. 
· No coding gain: At least 3 dB SINR gain by chase combining or incremental redundancy cannot be achieved for double resource usage. 

· Doubled processing: For duplicated packets, separate RLC/MAC/PHY processing is required in both legs. (e.g. concatenation, segmentation, reassembly, channel coding, etc.)

· Useless retransmission:  If one PDU is successfully delivered and the other PDU fails to initial transmission, the retransmission of the PDU is not necessary. However, ARQ/HARQ operates transparently to higher layer (i.e., PDCP duplication function). In this case, useless retransmission cannot be stopped. 
Observation 2. Packet duplication may be wasted in several aspects.
2.3 Performance on L2 Latency
The more fundamental question is when and how much packet duplication reduces L2 latency for URLLC requirement. In order to see the performance on L2 latency of packet duplication, we conduct a simulation which considers TTI, X2 latency and HARQ BLER.
In the simulation we assume 8-TTI constant HARQ RTT and RLC UM. One PDCP PDU per one TTI is transmitted via both legs. According to the agreement during the last RAN2 meeting, single reordering at RX anchor point is assumed (i.e., PDCP reordering).  Additional processing time (e.g. security processing, scheduling latency) is ignored. Total 100,000 PDCP PDU per simulation run are generated.  For each parameter combination, L2 latency is obtained by taking the average from 1,000 separate simulation runs. In this subsection, we assume perfect HARQ feedback, i.e., HARQ feedback does not fail.
2.3.1 Symmetric BLER 
Table. 1 compares L2 latency between packet transmission via only MeNB and packet duplication for HARQ RTT, HARQ BLER of initial transmission, and X2 latency. In each case, mean L2 latency, 2% maximum latency, and standard deviation of L2 latency are derived. HARQ BLER for retransmission is assumed to be 0.001 because combining gain is expected for retransmission. Also, BLERs for both legs are the same, i.e., symmetric BLER. This assumption can be applied to the case that both legs operate in the similar frequencies, i.e., HF (High Frequency) + HF or LF (Low Frequency) + LF scenario.
From Table 1, we can obtain the following results:

· Under non-ideal X2 (large X2 latency), packet duplication does not have much latency improvement. The packet via SeNB leg experiencing X2 latency arrives late at the receiver. In this case, packet arrival by retransmission via MeNB may be faster than initial transmission via SeNB. As X2 converges to zero, the packet duplication gives latency reduction.
· Under low BLER for initial transmission, packet duplication does not have much latency improvement. This low BLER can be considered as a basic assumption in URLLC because this application should minimize the number of retransmissions. According to deployment, network can decide the appropriate target BLER value.
· Under short HARQ RTT, packet duplication does not have much latency improvement. The reason is similar to the case of non-ideal X2. Fast retransmission due to short HARQ RTT may be more efficient than duplication.
Observation 3. Packet duplication gives latency improvement when high BLER, long HARQ RTT and almost ideal X2 are satisfied.

	HARQ RTT=8ms

	BLER
(1st TX)
	X2 Latency
	MeNB Only
	Duplication
	Remark

	
	
	Mean
	2% max
	Std Dev
	Mean
	2% max
	Std Dev
	

	0.1
	0ms
	3.88ms
	9.00ms
	3.30ms
	1.35ms
	4.32ms
	1.37ms
	Effective

	
	0.2ms
	3.88ms
	9.00ms
	3.30ms
	1.37ms
	4.32ms
	1.37ms
	Effective

	
	1ms
	3.88ms
	9.00ms
	3.30ms
	1.43ms
	4.34ms
	1.36ms
	Effective

	
	10ms
	3.88ms
	9.00ms
	3.30ms
	3.88ms
	9.00ms
	3.30ms
	Wasteful

	0.01
	0ms
	1.35ms
	4.40ms
	1.38ms
	1.00ms
	1.00ms
	0.11ms
	Effective

	
	0.2ms
	1.35ms
	4.40ms
	1.38ms
	1.01ms
	1.00ms
	0.12ms
	Effective

	
	1ms
	1.35ms
	4.40ms
	1.38ms
	1.01ms
	1.00ms
	0.16ms
	Effective

	
	10ms
	1.35ms
	4.40ms
	1.38ms
	1.35ms
	4.34ms
	1.37ms
	Wasteful

	0.001
	0ms
	1.04ms
	1.00ms
	0.44ms
	1.00ms
	1.00ms
	0.02ms
	Reducing Std Dev

	
	0.2ms
	1.04ms
	1.00ms
	0.44ms
	1.00ms
	1.00ms
	0.01ms
	Reducing Std Dev

	
	1ms
	1.04ms
	1.00ms
	0.44ms
	1.00ms
	1.00ms
	0.03ms
	Reducing Std Dev

	
	10ms
	1.04ms
	1.00ms
	0.44ms
	1.04ms
	1.00ms
	0.44ms
	Wasteful

	HARQ RTT=1ms

	BLER
(1st TX)
	X2 Latency
	MeNB Only
	Duplication
	Remark

	
	
	Mean
	2% max
	Std Dev
	Mean
	2% max
	Std Dev
	

	0.1
	0ms
	0.225ms
	1.125ms
	0.301ms
	0.135ms
	0.125ms
	0.099ms
	Effective

	
	0.2ms
	0.225ms
	1.125ms
	0.301ms
	0.153ms
	0.325ms
	0.113ms
	Effective

	
	1ms
	0.225ms
	1.125ms
	0.301ms
	0.225ms
	1.125ms
	0.300ms
	Wasteful

	
	10ms
	0.225ms
	1.125ms
	0.301ms
	0.225ms
	1.125ms
	0.301ms
	Wasteful

	0.01
	0ms
	0.135ms
	0.125ms
	0.099ms
	0.125ms
	0.125ms
	0.008ms
	Effective

	
	0.2ms
	0.135ms
	0.125ms
	0.099ms
	0.127ms
	0.125ms
	0.022ms
	Effective

	
	1ms
	0.135ms
	0.125ms
	0.099ms
	0.135ms
	0.125ms
	0.099ms
	Wasteful

	
	10ms
	0.135ms
	0.125ms
	0.099ms
	0.135ms
	0.125ms
	0.099ms
	Wasteful

	0.001
	0ms
	0.126ms
	0.125ms
	0.031ms
	0.125ms
	0.125ms
	0.000ms
	Reducing Std Dev

	
	0.2ms
	0.126ms
	0.125ms
	0.031ms
	0.125ms
	0.125ms
	0.006ms
	Reducing Std Dev

	
	1ms
	0.126ms
	0.125ms
	0.031ms
	0.126ms
	0.125ms
	0.031ms
	Wasteful

	
	10ms
	0.126ms
	0.125ms
	0.031ms
	0.126ms
	0.125ms
	0.031ms
	Wasteful


Table 1. L2 Latency of packet duplication for symmetric BLER
2.3.2 Asymmetric BLER  
Due to the frequency characteristics, target BLER may not be set to the same value for both legs. For example, MeNB leg and SeNB leg operate in LF and HF, respectively. In this case, BLER for SeNB leg may be set to higher value due to fragile channel characteristics whereas BLER for MeNB is set to very low value for reliability. We call it asymmetric BLER. Table 2 shows the results under asymmetric BLER and 0.001 retransmission BLER. As similar to symmetric BLER case, duplication is effective only for relatively high BLER of reliable link (MeNB in the simulation) and small X2 latency. Otherwise, mean and 2% max latency are not decreased because these values are already small due to high reliability of MeNB link. However, standard deviation of L2 latency is reduced for 0.001 BLER of reliable link and small X2 latency, because transmission via SeNB with relatively high BLER reduces the retransmission delay.
Observation 4. In asymmetric BLER case, duplication gives latency improvement when high BLER of reliable link and small X2 latency are satisfied.
	HARQ RTT=8ms

	BLER (MeNB, 1st TX)
	BLER
(SeNB, 1st TX)
	X2 latency
	MeNB Only
	Duplication
	Remark

	
	
	
	Mean
	2% max
	Std Dev
	Mean
	2% max
	Std Dev
	

	0.01
	0.1
	0ms
	1.353ms
	4.395ms
	1.378ms
	1.036ms
	1.000ms
	0.443ms
	Effective

	
	
	0.2ms
	1.353ms
	4.395ms
	1.378ms
	1.038ms
	1.000ms
	0.444ms
	Effective

	
	
	1ms
	1.353ms
	4.395ms
	1.378ms
	1.045ms
	1.000ms
	0.453ms
	Effective

	
	
	10ms
	1.353ms
	4.395ms
	1.378ms
	1.352ms
	4.301ms
	1.369ms
	Wasteful

	0.001
	0.1
	0ms
	1.036ms
	1.000ms
	0.445ms
	1.004ms
	1.000ms
	0.109ms
	Reducing Std Dev

	
	
	0.2ms
	1.036ms
	1.000ms
	0.445ms
	1.004ms
	1.000ms
	0.111ms
	Reducing Std Dev

	
	
	1ms
	1.036ms
	1.000ms
	0.445ms
	1.004ms
	1.000ms
	0.122ms
	Reducing Std Dev

	
	
	10ms
	1.036ms
	1.000ms
	0.445ms
	1.036ms
	1.000ms
	0.444ms
	Wasteful

	
	0.01
	0ms
	1.036ms
	1.000ms
	0.445ms
	1.000ms
	1.000ms
	0.014ms
	Reducing Std Dev

	
	
	0.2ms
	1.036ms
	1.000ms
	0.445ms
	1.001ms
	1.000ms
	0.020ms
	Reducing Std Dev

	
	
	1ms
	1.036ms
	1.000ms
	0.445ms
	1.001ms
	1.000ms
	0.043ms
	Reducing Std Dev

	
	
	10ms
	1.036ms
	1.000ms
	0.445ms
	1.036ms
	1.000ms
	0.445ms
	Wasteful


Table 2. L2 Latency of packet duplication for asymmetric BLER
2.4 Performance on Packet Loss

In URLLC application, packet loss is an important factor for reliability. According to URLLC requirement [3], 10^(-5) loss rate should be satisfied. Also, the packet loss causes increasing overall L2 latency of other packets due to t-rerodering timer of reordering function. Therefore, this packet loss needs to be treated carefully. In this subsection, a basic mathematical analysis on packet loss probability is provided.
In HARQ, packet loss occurs by two cases: 1) maximum HARQ retransmissions 2) HARQ feedback error, i.e., transmitter misunderstands NACK as ACK (i.e. NACK misdetection). Let BLERk and PFF be BLER for k-th transmission and probability of NACK misdetection, respectively. Now, packet loss probability without packet duplication, denoted as PLoss,S, can be calculated by
PLoss,S  =
 BLER1*PFF  
+ BLER1*BLER2*(1- PFF)* PFF 

+ BLER1*BLER2* BLER3*(1- PFF)2* PFF 

+ … 
+ BLER1*BLER2* BLER3* … * BLERNmax (1- PFF)(Nmax-1)* PFF

+ BLER1*BLER2* BLER3* … * BLERNmax+1 (1- PFF)Nmax
where Nmax is the maximum number of HARQ retransmissions. The value of Nmax should be configured to satisfy the URLLC requirements on both latency and packet loss. Note that this necessity of retransmission is decided by RAN1 which is currently studying at least one HARQ retransmission for URLLC. Anyway in this subsection, we assume that one retransmission can meet URLLC latency requirements (e.g. HART RTT=0.5ms and Nmax=1).
Packet loss in one leg is independent of that in the other leg. Therefore, packet loss probability with packet duplication, denoted as PLoss,D , can be derived by PLoss,D   =  PLoss,S2.
	BLER 

(1st TX)
	PFF
	MeNB Only
	Duplication
	Remark

	0.1
	0.001
	1.01E-02
	1.02E-04
	Not Sufficient

	
	0.0001
	1.00E-02
	1.00E-04
	Not Sufficient

	
	0.00001
	1.00E-02
	1.00E-04
	Not Sufficient

	0.01
	0.001
	1.10E-04
	1.21E-08
	Effective

	
	0.0001
	1.01E-04
	1.02E-08
	Effective

	
	0.00001
	1.00E-04
	1.00E-08
	Effective

	0.001
	0.001
	2.00E-06
	4.00E-12
	Wasteful

	
	0.0001
	1.10E-06
	1.21E-12
	Wasteful

	
	0.00001
	1.01E-06
	1.02E-12
	Wasteful


Table 3. Packet loss probability
Table 3 compares packet loss probabilities between single transmission via MeNB and packet duplication. In the results, HARQ BLER for retransmission is assumed to be fixed at 0.001. We see that packet duplication significantly reduces packet loss probability. But, when HARQ BLER and is sufficiently small, packet loss probability for single transmission via MeNB is still less than 10^(-5), i.e., URLLC requirements. In this case, duplication for reliability may not be necessary. On the other hand, high BLER does not meet the reliability requirement even in packet duplication. Thus, controlling BLER by network seems more important in URLLC scenario. Low NACK misdetection probability slightly reduces the packet loss probability. But, typically small value of PFF may not have a significant influence on packet loss.
Observation 5. Packet duplication increases the reliability when HARQ BLER is high.

In typical network deployment, the network decides target BLER and has sufficient information on X2 delay, HARQ RTT and misdetection probability. Thus, network may know whether packet duplication under the current environment is effective or not. By considering those aspects, we propose the following proposals:
Proposal 1. Uplink packet duplication should not be allowed in non-ideal X2 and low BLER.
Proposal 2. Network should configure whether packet duplication is allowed for URLLC or not.
Proposal 3. At least for other applications except URLLC, packet duplication should not be allowed.
Proposal 4. RAN2 should study the case that packet duplication is efficient.

3 Conclusion

Based on discussion, we propose the following: 
Proposal 1. Uplink packet duplication should not be allowed in non-ideal X2 and low BLER.

Proposal 2. Network should configure whether packet duplication is allowed for URLLC or not.

Proposal 3. At least for other applications except URLLC, packet duplication should not be allowed.

Proposal 4. RAN2 should study the case that packet duplication is efficient.
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