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1 Introduction

In the last RAN3#68 meeting, the topic of "forth and back data forwarding over Un" was discussed, with no conclusions. [1][2] both propose solution that DeNB stop transmission to RN, and starts to buffer data locally, when receiving HO Ack message. 
In this document, we further analyse the gain of potential optimization, and also its potential impact on the system.

2 Discussion

In [3], the interruption time during UE HO for intra-frequency EUTRAN FDD-FDD is specified as,

“
Tinterrupt = Tsearch + TIU + 20 ms

Where:
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.”
With prepared HO, Tsearch is 0, since the target is prepared and already known. ForTIU, it is recommended to use 1ms to satify the delay requirement for LTE-A in [6], even though technically it can be up to 30ms. But a relative big number of 10ms is assumend for estimation in this paper. In this case, Tinterrupt is 30ms. 
2.1 Gain Estimation with Optimization Solution

To estimate how much resource can be saved with optimized solution, the main factors are 1) Data forth and back forwarding time; 2) UE traffic rate during HO; 3) frequency of RN outbound UE HO; 4) number of RNs within one DeNB. In this document, some assumption figures are proposed to these parameters. 

· Data forth and back forwarding time
To avoid the forth and back data forwarding on Un interface, DeNB is proposed to start buffering, storing and redirecting received data locally starting from when source DeNB receives HO Ack message. Without such optimisation, data would go through RN and be back to the DeNB until the path switch procedure is completed. If t1 equals the interval between reception of HO Ack at the DeNB and reception of HO COMMAND at the UE an if t2 equals the time needed for the path switch procedure to be propagated from target to S/P GW, the total time during which data would be sent back and forward between DeNB and RN is t1 + Interruption Time + t2. 
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	Component
	Description
	Time [ms]

	Interruption time
	UE Interruption Time during HO
	30ms

	t1
	Between DeNB receiving HO Req Ack, and UE receiving HO Command from RN

-processing time in DeNB, 1.5ms [5]; 

-transmission time from DeNB to RN, 1ms [5];

-processing time in RN, 1.5ms [5];

-transmission time from RN to UE, 1ms [5];

-processing time in UE, 5ms;
	t1 = 10ms

	t2
	Path Switch Procedures

-transmission time from target to MME, 2-15ms [5];

-processing time in MME, 5ms* [5];

-transmission time from MME to UE SGW, 2-15ms [5];

-processing time in UE SGW, 5ms;
	t2=14ms - 40ms

(t2 is 0, if Target is source DeNB or Target is the RN with same DeNB)

	
	                                      Total Time
	10.5+t1+t2 = 54ms-80ms


*the 15ms delay in [5] includes UE context retrieval of 10ms.
80ms is assumed for following estimation. 

· UE traffic rate during HO

In most of cases, for Relay used for coverage extension, UE traffic rate will not be high when HO happens, since UE is in the cell edge at that time. 100kbps and 500kbps are used in following estimation.

· Number of RN in one DeNB

In Release 10, Relay is used for coverage extentsion, and up to 10 RNs may be configured with one DeNB [7].
· Number of RN outbound UEs HO per seconde
In [5], statistic information about the number of handover between Pico NB and Macro NB in UMTS network is provided, in which 1 outbound handover happens every 2 seconds (0.5/s) for High-rise duilding scenario in Dense Population area at Peak of Congestion Time. Since coverage extension is Relay's typcial usage in Release 10, which is not be dense population area, the handover frequency should be much much smaller than 0.5/s in Desnse Population at Peak of Congestion Time, but still a relative high number of 1 outbound handover every 4 seconds (0.25/s) is assumed for following estimation. 
Based on above assumptions, the saved resource of DeNB’s radio link in worst scenario is estimated in the following table. 

	UE traffic rate
	Number of RNs in one DeNB
	Outbound HO Frequency 
	Total Time

(worst case)
	Total Saved resource of DeNB's radio link 

 (DL and UL are same)

	100kbps
	10
	0.25/s
	80ms
	100kbps*10*0.25/s*80ms=25kbps

	500kbps
	10
	0.25/s
	80ms
	500kbps*10*0.25/s*80ms=100kbps


But, it is noted that real saved resource should be much less than those specified in above table, since values assumed for most of involved parameters in above estimation are  actually exagerated a lot, 
· if target is DeNB of source RN, or the RN has the same DeNB with source RN, t2 is 0 in this case, since Path Switch Request is not required, which is much smaller than 40ms used in above estimation; 
· during HO, UE most probably has relative low traffic, but not as much as 500kbps, since UE is in cell edge of RN at that time;
· outbound HO frequency 1 handover every 4 seconds is also exaggerated very much for Relay in Rel-10, since typically only very limited UEs in RN.  

Based above estimation, it can be seen that the gain of optimization is not obvious. 

Observation 1: Gain achieved from optimization of back and forward traffic propagation in terms of radio resource efficiency of DeNB is minor.  

2.2 Impact of Optimized Solution

If source DeNB starts to buffer data and stop transmission to RN when receiving HO Ack message, RN may run out of UE's data shortly after DeNB stops forwarding.  If for any reason the RN decides to halt the handover at the time of or right after receiving the Handover Ack message, the RN will initiates HO Cancel procedure to ask the DeNB to continue with data forwarding. However, given that the DeNB stopped forwarding data to the DeNB, the UE may experience some QoS degradation due to interruption of data received by the RN. 

On the other side, a solution based on currently standardized UE HO with no optimization, has no such kind of risk. 

Observation 2: UE may experience degradation in case of Handover cancellation after the Handover Ack has been generated.  

Moreover, as specified in [4], the following packets need to be forwarded from source to target for HO, 

· For RLC-AM DRBs, upon handover, the source eNB may forward in order to the target eNB all downlink PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source eNB may also forward without a PDCP SN fresh data arriving over S1 to the target eNB.
· For RLC-UM DRBs, upon handover, the source eNB does not forward to the target eNB downlink PDCP SDUs for which transmission had been completed in the source cell. PDCP SDUs that have not been transmitted may be forwarded. In addition, the source eNB may forward fresh downlink data arriving over S1 to the target eNB. 
Therefore, potential PDCP packets retransmission for packets that are not acknowledged for RLC-AM DRBs and are not transmitted to UE for RLC-UM DRBs, can not be totally avoided by RN even in case of an optimised mobility solution. Even though these packets may use very small radio resource, bearers to forward them are still needed to be setup, leaving the complexity of the system unaltered.

Observation 3: No gain to system complexity with optimized solution, since PDCP packets from source to target cannot be totally avoided. 

Based on above three observations, the following is proposed.

Proposal: Not to support optimization for back and forward data forwarding on Un interface within Release 10.  

3 Conclusion

In this document we discussed forth and back data forwarding and gave the following proposal:

Proposal: Not to support optimization for back and forward data forwarding on Un interface within Release 10.  
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