3GPP TSG RAN WG2 #58
R2-072060
7th – 11th May, 2007

Kobe, Japan
Agenda Item:
4.11.1
Source: 
Alcatel-Lucent, LG Electronics
Title:  
Discussion on Data forwarding options for intra-LTE Handover 

Document for:
Discussion and decision
1. Introduction

Data forwarding has been discussed in the previous meeting without any conclusion.  With the location of PDCP in eNB, the issue of RoHC context transfer was left  as an open issue.  With the decision to have ciphering in the PDCP and hence the need for PDCP sequence numbers, all options for data forwarding are possible.  This document discusses the  different options 

2. Discussion

Two data forwarding options listed and discussed in the document R2-071294 were full forwarding and selective forwarding.  These, and a third option of RoHC context transfer are discussed in more detail below.

2.1. Full forwarding:

This option is described in more detail in R2-071294.  In this option, the packets starting with the first unacked packet is forwarded from the source to target eNB.  The entire protocol stack is re-initialised and all packets buffered below PDCP are flushed both by the network and the UE.   No data is forwarded for the UL on the network side.  

Procedure in the UE:

On receipt of the HO command, the UE resets RLC, PDCP and RoHC and clears all its lower layer buffers for the UL and DL.  It then starts will the buffered PDCP SDUs.  But under normal operation, packets should be buffered in RLC and PDCP until all packets below it are fully acked by the receiver.
Impact of full forwarding on the radio interface:
All packets starting with the first unacked packet are sent again over the radio both for the uplink and downlink.  This is clearly the least efficient in terms of radio interface.   With HARQ, most of the RLC packets are expected to be successful over the radio.  Given the high data rate supported over the radio, one can expect several outstanding packets in the buffer at any time most of which have been received successfully, thanks to HARQ.  Thus, full forwarding will unnecessarily repeat several successfully received packets over the radio.  This is not only inefficient over the radio but also increases the effective interruption time since these repeated packets are prioritised over fresh data by the target eNB.  

With HARQ RTT of 5ms and 4 repetitions, typical delay per packet over MAC is around 20ms.  Even with an RLC window size that amounts to a buffering of order of 100ms of data, there could potentially be about 100ms buffered data, most of which would have been received successfully already.  This 100ms of buffered data that is repeated on the target cell will effectively increase the HO interruption time by around the same amount., i.e., 100ms.  

2.2. Selective forwarding

The next option is selective forwarding of outstanding packets.  With this option, if packet 3 is unacked, while packets 4-6 are acked, only packet 3 is forwarded and re-transmitted over the radio.   There can be several variations of selective forwarding in that the PDCP SDUs or PDCP PDUs can be forwarded and also how they are handled on the target side.

The simplest of these is to forward all UL and DL PDCP SDUs of the unacked packets along with their respective PDCP SNs and the last used PDCP SNs from the source eNB to target eNB.  The PDCP SN is not reset after a HO.   Thus in the example above for DL, the SDU of packet 3 in the example above is forwarded.  The target side prioritises packet 3 over other packets and sends it first to the UE.  For the UL, selective forwarding means that  the buffered packets must be forwarded to the target side along with the corresponding PDCP SNs.  The UE re-txs only packets that have not been acked by the network.  This is also described in more detail in R2-071294.
The other options like forwarding PDCP PDUs are also possible.   But they all have the same fundamental principle that only unacked data is re-transmitted over the radio.  A comparison of the different selective forwarding mechanism can be made if it is decided to use selective forwarding.

For its radio efficiency, it is more complicated compared to full forwarding with most of the complexity being on the network side.  

Procedure in the UE:

On receipt of the HO command, the UE resets RLC and RoHC but maintains the PDCP SNs.  It processes an outstanding packets in the DL through RoHC but buffers them until any holes in the packet stream are filled.  On receipt of the missing packets from the target cell, it re-sequences before feeding to the higher layers.    
For the UL, any the unacked PDCP SDUs packet are identified along with their PDCP SNs.  The UE then first transmits the outstanding packets in the correct sequence towards the target cell with the re-initiated protocol stack but continuing with the old PDCP SNs.  
Under normal operation, as soon as a packet has been successfully identified as received , it can be removed from the PDCP SDU buffer.  So this requires also less buffering in the UE.

Impact of full forwarding on the radio interface:
This option is obviously more efficient over the radio since packets successfully received are not re-transmitted over the radio.  Compared to the full forwarding option, it can save significant “interruption” time for the new data during HO of the order of 100ms. 

2.3. RoHC context transfer

The third main alternative is to transfer RoHC context from the source to the target eNB.  This is clearly the most radio efficient solution since there is no need to send the full headers in the target cell.  
A snapshot of the RoHC compressor and de-compressor is taken from the source cell and forwarded to the target cell.  The target RoHC is then initialised with this transferred  context.  PDCP SNs also are transferred.  Again, there are several variations possible on what is transferred.  One possibility is described in more detail below.

This is almost identical to the selective forwarding mechanism.  The main difference being that it is the header compressed buffered data that is sent to the target eNB.  Thus, for the DL, any buffered header compressed data is forwarded to the target eNB along with their SNs.  This data is then handled by the PDCP in the target eNB as with selective forwarding except that it does not need to be header compressed again.  For the UL, all buffered data that is waiting to be fed to the decompressor because of some missing packet will also be forwarded to the target eNB.  The target eNB processes these packets through its decompressor after it has received the missing packets. 
With VoIP, there is unlikely to be more than one packet in the buffer and that too only if using RLC-AM equivalent.  Note that dropping these packets will have less impact on the system performance compared to the increased efficiency of not re-sending the full headers.

Procedure in the UE:

On the UE, the procedure is again almost identical to selective forwarding (like PDCP SNs are retained) except that RoHC is not reset.  For the DL, the UE buffers any outstanding packets before the decompressor.  After receipt of these outstanding packets from the target eNB, it then forwards all the packets to the RoHC de-compressor.    For the UL, any outstanding compressed packet are sent over the re-initialised target eNB protocol stack.  There is no impact on RoHC itself.   If RLC-AM is not used for RoHC bearers, then there are no outstanding packets.  Packets are processed through RoHC as soon as they are received successfully.   RoHC context transfer on the network should have no impact on the RoHC in the terminal.

Impact of full forwarding on the radio interface:
This is clearly the most efficient over the radio.  After a HO, there is no need to send the full headers Since this is almost an extension of selective forwarding, it benefits from the radio efficiency of only sending unacked packets over the target eNB. 

2.4. Impact of forwarding timer on HO interruption time

All solutions require that the target eNB prioritise packets from the source eNB before packets from the SAEGW.  Hence they all require some indication to the target eNB that the buffered packets are complete and the target can start delivering fresh packets over S1.  The target side has no means to identify when the forwarded buffered packets are finished and when it can start fresh packets.  

The simplest solution is to use a timer at the target cell but since this timer must be set for the worst case scenario can lead to unnecessary interruption to the user data (or result in data arriving out of sequence) since the target eNB cannot send fresh data from the SAEGW even it has no further data from the source until the timer has expired.     

Hence it is proposed that alternative solution must be looked at.  The problem fundamentally comes from the fact that the aGW is unaware of the HO preparation phase and has no means to mark the packet sent to the source and subsequently to the target side as the last packet.  Many solutions are possible here and should be studied further to reduce interruption time.  
3. Conclusion and proposal

The contribution looked at the different data forwarding options during intra-LTE Handover.  Full forwarding is not only inefficient but also leads to significant increase in HO interruption time.  Selective forwarding is significantly more efficient and avoids any increase to the interruption time at the expense of some increase in network complexity but with only margin increase in UE complexity.  RoHC context forwarding can also further avoid radio inefficiencies for VoIP and has almost no additional complexity in the terminal.

Since the increase in complexity is largely on the network and shown to be not significant, it is hence proposed that the most radio efficient data forwarding mechanism must be chosen for data forwarding during HO.  In terms of radio efficiency, RoHC context forwarding with selective forwarding is the most efficient followed by selective forwarding.

