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1 Introduction

RAN3 was assigned below tasks in the last RAN2/3 joint session. 

· RAN3 provide input on expected backhaul characteristics (typical latency, packet loss rate (if not congested) and in-sequence delivery probability) between CN, MeNB and SeNB. 

· RAN3 will discuss those backhaul issues and the assumptions made by RAN2 before the joint meeting with RAN2.

So this document discuss the small cell backhaul characteristics, such as typical latency, packet loss rate and in-sequence delivery probability, between CN and MeNB, between MeNB and SeNB based on the assumption made for S1/X2 in Rel-8.
2 Discussion
2.1 Control plane backhaul
S1 and X2 control signaling is carried by the SCTP protocol above IP, showed in the below figure. As a reliable transport protocol, the SCTP can guarantee the in-sequence delivery, because of the SSN included in each stream. According to the discussion made during the LTE feasibility study, the packet loss in Control plane is lower than 10-8. The transmission delay is between 2ms and 15ms. Processing delay in eNB is 4ms. 
[image: image1.png]



Figure 1 Control Plane of X2
For the small cell, the assumption currently is there is only one S1 control plane for a particular UE. The transmission of signalling for resource aggregation comprises two segments, MME from/to MeNB, MeNB from/to PeNB. The transmission delay between MME and MeNB is same as the S1 backhaul delay, it is 6ms to 19 ms [2] (processing delay + transmission delay). From the MeNB to the SeNB, assuming we re-use X2 interface for Xn, the backhaul delay is same as X2. It is from 10ms to 20 ms.  
The MeNB and SeNB need to exchange messages if the bearer is setup in the SeNB. The overall ERAB setup delay is increased. But for the dedicate bearer setup, the delay is not a sensitive parameter. If the ERAB is setup during the RRC connection setup procedure, the total Idle->Active delay is increased. Currently, rough speaking, the Idle->Active delay is about 50ms to 70ms, increase 20ms mostly still satisfy Idle->Active transition requirement 100ms. But in long latency case, the transition time will exceed the requirement. It could be solved by no radio resource aggregations during the procedure of Idle->Active transition.
In summary: For the control plane:
· in-sequence delivery is guaranteed .
· Packet loss is lower than 10-8
· S1-C transmission delay 2ms – 15 ms
· X2-C transmission delay is same as S1, backhaul delay = 10ms to 20ms
2.2 User plane backhaul
S1/X2 user plane data is carried by UPD above IP, showing in the right figure. 
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Figure 2 User Plane of X2
UDP is not a reliable delivery protocol. The in-sequence delivery and duplication protection are not guaranteed in the user plane. UDP transmission speed is high but packet loss is also high. 
If CN split architecture is applied, the user plane is either from SGW to MeNB or from SGW to SeNB, the transmission path is same as the normal S1 user plane. So the packet loss or in-delivery transmission requirement is similar as the normal S1 user plane. We assumed the packet loss for LTE S1 is abnormal case. If the transport protocol meets the normal S1 user plane requirement, it also meets small cell user plane.
If RAN split architecture is applied, the data transmission delay is increased since the data is going through two segments of path, from SGW to MeNB and from MeNB to SeNB, the probability of data loss and in-sequence delivery is also increased in theory. But we think it is not a big problem since currently some mechanism already use two segments transmission in the user plane, e.g. HeNB with GW, Relay. 
In summary: for the user plane:

· in-sequence delivery isn’t guaranteed
· Packet loss and out of sequence arrival is abnormal event.
· Transmission delay is smaller than control plane
3 Conclusion
It discussed the backhaul characteristics for small cell. Generally, we think existing backhaul in S1 and X2 also can fulfil the small cell requirements. Xn reusing X2 backhaul is not the bottleneck.
Conclusion: 
· Packet loss on the interface between MeNB and SeNB is rare.

· There is no bottleneck in the backhaul i.e. S1 and Xn. 

· Xn can re-use X2 interface backhaul.
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