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1 Introduction 
At the April RAN3 meeting in Sophia Antipolis, it was agreed that the downlink user-plane mobility solution shall rely on packet forwarding from the source eNB to the target eNB. Several contributions addressed the aspect of how to realize this forwarding ([2] -‎[5]). From the contributions, two different approaches can be identified, where one is based on a full RLC context transfer (corresponding to RLC PDU forwarding) and the other is based on RLC SDU forwarding. RAN3 also issued an LS to RAN2 on this topic, in order to clarify the foreseen user-plane forwarding concept in LTE ‎[1].
In the present contribution, we analyze these two options. Our analysis reveals that the considerable complexity increase following a full RLC context transfer solution is not justified by the potential efficiency gains. Based on our analysis we therefore propose that RAN2 agrees on a simple solution where RLC SDUs are the user-plane units forwarded during handover. 
2 RLC SDU or RLC PDU forwarding  
In this section, we analyze the two identified options for user-plane handover: RLC PDU forwarding and RLC SDU forwarding. First, we focus on the downlink aspects followed by reflections on the uplink issues.  
2.1 Definitions 

To retain clarity throughout the rest of this sequel, we here list a number of definitions that are used: 

The RLC includes the outer ARQ protocol (oARQ) in accordance with the RAN2 agreement. The oARQ re-transmission unit is thus an RLC PDU. 
An RLC SDU is a PDCP PDU (including a PDCP header). Pending RAN2 decisions, the RLC layer may include segmentation and concatenation functionality ‎[6].  Here, we assume that RLC include these functions, i.e. an RLC PDU can be (or contain) one (or several) segment(s) of one (or several) RLC SDU(s). 
RLC PDUs are sequence-numbered. The RLC SDU does not have an RLC sequence number, but it includes the PDCP sequence number (though possibly not visible to the protocol layers below PDCP ‎[1]).  
2.2 DL RLC PDU forwarding 

In the RLC PDU forwarding solution, all unacknowledged RLC PDUs are forwarded from the Source eNB to the Target eNB. RLC SDUs of which no RLC PDUs have yet been formed are also forwarded. The RLC PDU forwarding solution is thus characterized by a full RLC state-transfer from the source eNB to the target eNB, such that the target eNB can continue the transmission exactly from the state at which the source eNB suspended its transmission. 
Example: 
The forwarded RLC PDUs can be a set of non-consecutive PDUs, e.g. {34, 35, 41, 42} followed by un-segmented RLC SDUs, say {25, 26, 27}
. In this example, the PDUs {36 – 40} have already been acknowledged at the Source eNB, and do not need to be forwarded.  
Pros: 

· No re-transmissions of already acknowledged payload, potentially resulting in a somewhat higher efficiency compared to the SDU forwarding solution. 

Cons: 

· Complexity: The whole RLC state has to be forwarded. The Target eNB need to be informed about the RLC window state variables, sequence numbers etc before it can commence any user-plane transmission to the UE. 

· RLC segmentation format: any RLC segmentation performed by the Source eNB may not be suitable for the conditions in the Target NB. Re-segmentation of the forwarded RLC PDUs may be needed in the Target eNB. 
· Forwarding of the RLC state has to take place also when there is no user-plane transmission, because the RLC state-variables have to be established in the target eNB before the handover can be completed.

· The RLC state of currently inactive Radio Bearers has to be established at each handover.

· Quick consecutive handovers may suffer in performance in case the RLC state has not been fully confirmed in the target eNB before a new handover is issued.

· RLC PDU losses during the forwarding create issues to be solved by the RLC protocol, since RLC in the target eNB cannot respond to re-transmission requests of RLC PDUs that it has not received (Example: Consider e.g. that RLC PDU #41 is lost in the example above). 
Despite the fact that the RLC PDU forwarding solution has the best resource efficiency over the air, we are concerned that the method may bring a considerable amount of complexity and vulnerability to context transfer losses.    
2.3 DL RLC SDU forwarding

In the RLC SDU forwarding solution, RLC SDUs are the units forwarded from the Source eNB to the Target eNB. All RLC SDUs including and following the first un-acknowledged (or partly acknowledged) RLC SDU are forwarded to the Target eNB. Very limited RLC state information (ideally none) need to be forwarded, since the RLC state can be reset in the Target eNB (similar to MAC-hs in UTRAN, which is reset in the target Node B). 
Example: 
SDU {23} is fully acknowledged (ACK), 
SDU {24} has outstanding segments (partly ACK), 
SDU{25, 26 ,27,…} not acknowledged or even transmitted. 
In this RLC SDU forwarding solution we forward all SDUs following the cumulative acknowledgement, i.e. SDUs {24, 25, 26,…} are forwarded.

Pros: 

· Simplicity: It is possible to re-set the whole RLC protocol in the Target eNB. No context need to be re-established. Minimal RLC control information (possibly none) transferred to Target eNB. 
· No RLC state-forwarding for inactive Radio Bearers, since the RLC/MAC can be reset in the target eNB.

· Robustness: The resumption of the transmission from the Target eNB is less dependent on the success of the RLC state forwarding, i.e. the transmission can be resumed from the Target eNB also in cases when the context transfer fails. 
Cons: 

· Compared to RLC PDU transfer, the solution can be slightly less efficient due to re-transmissions of already acknowledged payload from the Target eNB (SDU {24} in the example). The risk of such resource waste is higher at low bit-rates. 
· A somewhat higher risk of duplicate RLC SDU reception at the receiver. 
Note that the scheduler implementation in the Source eNB could minimize the number of outstanding RLC PDUs when the HO command is issued. The amount of doubled transmission from the Target eNB can then be reduced to a minimum – ideally none. 
Example: 
Assume an (average) Radio Bearer bit-rate of 250 kbps. Suppose that 750 bytes (one half of a large IP packet) on average are re-transmitted unnecessarily from the Target eNB (occupying the link for 24 ms) and that handovers occur once every 2.5 second. The resource waste (compared to a PDU forwarding solution) is then less than 1 %.   

We therefore conclude that, since handovers seldom occur more often than once in a couple of seconds, the waste caused by duplicate transmissions in the SDU forwarding solution is expected to be negligible.  
2.4 Uplink considerations

The uplink problem for user-plane mobility is slightly less complicated, since the transmitter (UE) remains the same during the handover. Still, there are issues of relevance that have to be considered when the choice of handover mechanism is made.    
An UL RLC PDU forwarding solution requires the Source eNB to forward partly received RLC SDUs (i.e. RLC PDUs) from the source eNB to the target eNB. The transmitter (UE) continues from its RLC state and transmits outstanding RLC PDUs to the target eNB. 

The UL RLC PDU forwarding solution is equipped with the same benefits and drawbacks as the corresponding DL solution: It can be somewhat more efficient in terms of radio resource usage, but it suffers from both complexity and vulnerabilities to e.g. loss of forwarded context and RLC PDUs. 
 In a simpler UL solution, the transmitter commences the transmission to the target eNB from the first unacknowledged RLC SDU. No forwarding of uplink user-plane data is needed from the source eNB to the target eNB and the RLC state can be re-set towards the target eNB. The solution could be somewhat less efficient in cases when the UE cannot finalize the transmission of outstanding SDUs to the source eNB prior to the handover. A somewhat higher risk of RLC SDU duplicates may also occur.
3 Conclusion and proposal

Based on our analysis, we find that the added complexity of a full RLC context transfer from the Source eNB to the target eNB does not justify the somewhat higher resource efficiency. We are concerned about both the complexity and the vulnerability of the RLC PDU forwarding solution. 
We therefore propose that RAN2 agrees on an RLC SDU forwarding solution were the RLC protocol is reset in the target eNB.  Duplicate transmissions can be reduced to a minimum by intelligent scheduling at times of handovers. 
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� Note that these numbers are not RLC sequence numbers, but “packet” or PDCP sequence numbers. 
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