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1   Introduction
In this contribution, based on the HARQ RTT scheme in the Un interface described in [1], we provide the analysis and corresponding simulation result of the UP latency performance in the two-hop inband relay system. In addition, the potential factors which impact the UP latency are discussed.
2   FDD UP latency analysis for inband relay
In the two-hop relay system, the UP latency consists of the delay on the Un interface and the one on Uu interface. The delay for each hop mainly includes five components as described in [2], i.e. the sender processing time, frame alignment time, TTI duration time, the receiver processing time and HARQ retransmission time. The UP latency is shown in the following figure: 
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Figure 1  UP latency for two-hop link
In the figure above, Tfdl_Un and Tfdl_Uu means the frame alignment time on Un and Uu interface respectively, and Thdl_Un and Thdl_Uu means the HARQ retransmission time on Un and Uu interface respectively. It’s reasonable to assume that the sender/receiver processing time and the TTI duration in each hop are the same as Rel-8 system. And in the unload condition, the RN will send packet to the PDCP sublayer in second hop immediately after it gets packet from the PDCP sublayer in the first hop. In other words, the buffering time between the two hops is neglectable. Assuming that the probabilities of retransmission on Un and Uu are pdl_Un and pdl_Uu, thus the two-hop UP latency is calculated by 
DUP_dl[ms] = 7 + Tfdl_Un + Tfdl_Uu + pdl_Un* Thdl_Un  + pdl_Uu * Thdl_Uu.
Likewise, the calculation in uplink UP latency is the same with the one in downlink.
2.1   Downlink UP latency

In the case of in-band relay with resource partition, the access link and the backhaul link are TDMed. After receiving the downlink data from S1-U interface, DeNB will wait for the nearest backhaul subframe to send the downlink data to relay. Likewise, relay will wait for the nearest access link subframe to send the data to UE. The waiting time in each link is the frame alignment time, which depends on the backhaul subframe configuration. 
In general, we observe that the main factors of backhaul subframe configuration on two-hop UP latency are

· Frame alignment time
a) With the increase of backhaul subframes configured, Tfdl_Un shall be reduced;

b) With the increase of backhaul subframes configured, Tfdl_Uu shall be increased;
· HARQ retransmission time
a) Thdl_Un depends on the design of HARQ RTT on Un interface. Currently, several candidate schemes are proposed in RAN1. In this contribution, we adopt 8&16ms HARQ RTT scheme in order to analyze the UP latency in two-hop inband relay system.
b) Considering the compatibility with Rel-8 UE, Thdl_Uu should be the same as that in Rel-8. But if the retransmission subframe on Uu interface has conflict with the backhaul subframe, UE will find the next available opportunity to retransmit, Therefore, while calculating the UP latency in this case, it can be viewed as that the Thdl_Uu is increased;
According to the description in [1], there are 8 basic subsets for backhaul configuration, which does not include DL subframes {0, 4, 5, 9} and the corresponding UL subframes {4, 8, 9, 3}. These basic subsets can be configured as backhaul separately or jointly, and each subset consists of three UL/DL backhaul subframes in four radio frames with 8&16ms HARQ RTT. As an example in Figure 2, one basic subset (subset 0, gray block in the figure) is configured as backhaul. 
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Figure 2  One basic subset for backhaul in subframes with 8&16ms periodicity
As an contrast, in Figure 3, all the eight basic subsets are configured as backhaul link jointly.
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Figure 3  Eight basic subsets for backhaul in subframes with 8&16ms periodicity

According to the analysis above, we perform the simulation on two-hop UP latency under four different cases:

· Case 1: no HARQ on Un ，no HARQ on Uu interface;

· Case 2: no HARQ on Un interface, and 10% BLER on Uu interface;

· Case 3: 10% BLER on Un interface, and no HARQ on Uu interface;

· Case 4: 10% BLER on both Un and Uu interface;

The corresponding simulation results are shown in the following figure:
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Figure 4  DL Two-hop UP latency analysis 
In Figure 4, X axis denotes different number of subset(s) configured as backhaul configuration, i.e. 1 means one subset (subset 0) is configured as backhaul, 2 means two subsets (subset 0 & subset 1) are configured as backhaul, and so on. The Y axis denotes the results of two-hop UP latency under different backhaul configuration cases.
2.2   Uplink UP latency

In uplink, the radio resource on Un interface is assigned by DeNB, and the radio resource on Uu interface is assigned by relay.

In the case of pre-schedule (i.e. UE and relay may always have radio resource to transmit uplink data), due to the Uplink backhaul configuration is symmetrical with the downlink, so if no HARQ on Un and Uu interface, the UP latency in Uplink is equal to the one in downlink. In addition, in this contribution, Uplink HARQ on Un interface is synchronous. Considering the HARQ in the Uu and/or Un interface, the detailed simulation results can be referred to in the following figure:
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Figure 5  UL Two-hop UP latency analysis
2.3   Observations

In this paper, we analyze the uplink and downlink transmission latency in two-hop link. Based on simulation results, we have the following observation:

Observation 1:  The UP latency in two-hop in-band relay system is impacted significantly by the HARQ RTT scheme in the Un interface.

Observation 2:  The UP latency in two-hop in-band relay system is impacted significantly by the backhaul link subframe configuration.

Observation 2.1:  In case of only one subset configured as backhaul subframes, the UP latency is higher than twice of that in Rel-8.

Observation 2.2:  The UP latency decreases with the increase of Un subframes configured.  

Observation 2.3: However, the incremental benefit also start to diminish after three subsets are configured for the Un subframes.
Observation 3:  The UP latency in two-hop in-band relay system is impacted significantly by the retransmission probability.
3   Conclusion

Based on the observations above, we have the following proposals:
Proposal 1:  RAN2 is requested to evaluate the user plane latency according to different backhaul link HARQ RTT schemes.
Proposal 2:  While making decision on the backhaul link configuration, the impact on the UP latency should be considered.
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