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1
Introduction

This paper is to capture the summary of proposals on downlink reordering presented during RAN2#56 meeting [2] – [8] as well as the email discussion during 15th November 2006 – xx th November 2006. The following are some detailed discussion items for the email discussion. 

Email on point 2 above: DL packet re-ordering at handover (NEC)

· Is it needed? How strict does it need to be? If required, who will do it?
· Handling of RLC SDU Type 1 and RLC SDU Type 2
· Need for status reporting at HO? If yes, when after or before handover

Also RAN2 sented LS to RAN3 on the issue of out-of-sequence delivery and packet loss over S1 and X2 interface [1].　RAN3 will discuss this issues over email and will conclude 17th November 2006.
2
Summary of proposals
2.1
In-sequence delivery: Non-mobility case
For non-mobility case, there are three proposals for reordering (see also Figure 1 and 2):
· No reordering

· S1 shall provide some level of in-sequence delivery and/or new RoHC with delay tolerable can be employed.

· Source eNB reordering based on S1 SN

· Source eNB performs the reordering of received RLC SDU based on S1 sequence number.

· UE reordering based on PDCP SN

· UE PDCP layer performs the reordering based on PDCP SN.
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Figure 1: source eNB reordering for non-mobility cases
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Figure 2: UE PDCP layer reordering for non-mobility case

2.2 In-sequence delivery: Mobility case
Likewise non-mobility case, there are two proposals for mobility case as illustrated in Figure 3 and 4:

· Target eNB reordering based on S1 and X2 SN

· target eNB performs the reordering of received RLC SDU from source eNB and UPE based on S1 and X2 sequence number

· It is agreed that target ENB prioritise transmission for packets from source ENB (when both packets are there).
· UE reordering based on PDCP SN

· UE PDCP layer performs the reordering based on PDCP SN.
· Note that there is a view that UE does only perform this reordering during handover duration
.
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Figure 3: target eNB reordering based on S1 and X2 SN.
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Figure 4: UE reordering based on PDCP SN
2.3 What to forward

Currently the working assumption is that the source eNB shall forward all SDUs after the first non-acknowledged to target eNB. ASUSTeK proposed to forward all not-acknowledged SDUs (i.e. blue coloured SDUs in the following figure shall not be forward).
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Figure 5: What to forward at Handover

2.4
RLC Status Reporting during handover
During RAN2#56 Riga meeting, there were two proposals on the RLC status reporting during handover:  ,

-
LGE proposed UE sends RLC status report to target cell immediately after it handovers to target cell
-
the RLC status report is sent together with HO confirmation message (i.e. RRC signalling) in order to have faster response time. 
-
NEC proposed UE sends RLC status report to source cell just before it handovers to target cell
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3
Summary of email discussion
Is reordering needed at all (both non-mobility and mobility)? i.e. Does PDCP require in-sequence delivery
?
The following table shows the current preference each company:
	
	Non mobility
	Mobility

	NEC
	Conditionally Yes 
at source eNB depends on RoHC & if RAN3 can support S1 SN.
	Yes
at target eNB if RAN3 can support S1 and X2 SN

	LGE
	Yes 
at source eNB
	Yes
at target eNB

	Nokia
/Qualcomm
/Ericsson

/Siemens

/Panasonic

	Conditionally Yes 
at UE PDCP depends on RoHC & RAN3 assumption
	Yes 
at UE PDCP

	DoCoMo
	Preferably not required, but if required in UE PDCP
	Yes
at UE PDCP


	Samsung
	Probably not required, but if required at source eNB 
	Yes
at UE PDCP
(not that this concerns the re-ordering due to the handover, and e.g. not the re-ordering due to ARQ/HARQ at the target ENB)

	Motorola
	Not required. But UE PDCP reordering is needed for mobility case. Hence, can be used for non-mobility case as well.
	Yes. At the target eNodeB without the need for S1/
X2 sequence numbers. At UE PDCP using PDCP SN.

	ASUSTeK
	Not required but FIFO with order-difference marking is required
	Not required but FIFO with order-difference marking is required

	
	
	


The following is the summary of email discussion:
· Out-of-sequence delivery at S1

· RAN3 replied that S1 does not guarantee the in-sequence delivery of PDCP PDU. Unfortunately, RAN3 could not provide their view on the severity & frequency of out-of-sequence delivery at this stage. However there are views (Nokia, Samsung, DoCoMo, Ericsson) that the out-of-sequence should be rare event, e.g. route in-stability, in well managed transport network. Samsung commented that it would be strange to punish the UE for this rare cases, so the problem should be addressed at S1 peer (eNB for DL).
· New RoHC for LTE?
· Does LTE require a new RoHC which can handle more than -2 out-of-sequence? Ericsson quoted that there are new version of RoHC which can handle the out-of-sequenced compressed packets, e.g. RoHC-TCP, RoHCv2.
· TCP performance

· If reordering functionality does not exist at all except RLC layer reordering and a new RoHC can handle the out-of-sequence, would there be still impact on upper layer such as TCP congestion triggering due to out-of-sequence delivery? Assuming the frequency & severity of out-of-sequence over S1 is equivalent to the Internet, Ericsson and Nokia proposed no special treatment for this issue. 
· X2 Bandwidth
· if X2 bandwidth is large enough, the prioritization at target eNB alone could ensure the reordering, i.e. the forwarding from source eNB can be completed before path switching.

· However the forwarding delay over X2 could be quite large in some network deployment scenarios. So relying on X2 bandwidth could not be considered as universal solution.
· Also for the target eNB based reordering solution, Nokia pointed out a possible delay in transmission due to late arrival of forwarded SDUs from source eNB. For UE PDCP based reordering solution, target eNB can transmit whatever available at SDU buffer, hence the X2 bandwidth impacts less the UE based reordering than target eNB based reordering. 

· Optionality of S1 and X2 Sequence Number

· RAN3 decided to have a container field for S1 and X2 SN but not agreed to mandate UPE to fill the SN field. This point is currently on-going in RAN3 for another issue (S1 congestion control).

· Impact on S1 and X2 Packet loss and Active Queue Management
· RAN3 seems assuming a lossy transport over S1 and X2 interface. Hence it is ffs how the reordering functionality would react on the packet loss over S1 and X2 interface. DoCoMo proposed the reordering function at UE PDCP layer would not be active during non-mobility case. And hence both packet losses over S1/X2 and packet discard at eNB would not stall the delivery of successfully received PDCP PDU at UE.
· UE Complexity for UE PDCP layer reordering

· Since RLC layer already performs the reordering functionality, it is a duplicated functionality at UE to have another re-ordering at PDCP layer. It is ffs how much UE complexity would increase due to this reordering (buffer size, processing power etc). Some companies believe there could be a way to reduce the UE complexity e.g. by sharing RLC and PDCP buffer. And some companies believe it is better to have only one reordering at UE PDCP layer i.e. no reordering at RLC layer (hence RLC delivers completely received RLC SDU as soon as available).
· Revisit on resetting RLC context at handover. In order to avoid the two layer reordering at UE, it is proposed to have a continued RLC SN during handover. Source eNB would inform the target eNB of the last used RLC SN from which the target eNB would start RLC operation. The rest of details on this proposal is still ffs.

· Support of PPP in SAE-LTE

· TS 23.060 stated PDU type PPP in-sequence delivery. It is ffs whether PDU type PPP will be supported in LTE and whether Reordering Required flag in PDP context would be supported.

· Impact on Deciphering (see also Annex 1)
· For deciphering, a packet received out of sequence may induce HFN out of synchronization if not treated carefully. (Same as UM deciphering issue.) And this means all the following packets will be deciphered with wrong HFN. The severity is extremely high although the happening frequency is low. ASUSTeK proposed a solution where a PDCP FIFO receiving window provides out-of-sequenced packets with relative sequence marking to ensure the deciphering (and also for decompressing). It is claimed by proponent that this FIFO operation with order-difference marking would avoid the unnecessary buffering effect as well. Also it was noted that FIFO operation with order-difference marking is only applied to AM operation whereas UM RLC is already FIFO without order-difference marking.
· Per Radio Bearer based selective reordering or not
· If RoHC profile or application handles out of sequence, then the corresponding radio bearer may not need the reordering functionality. However it is not clear whether this selective reordering feature is common understanding within RAN2 or not.
What to forward?

The following table shows the summary of email discussion on this issue:
	
	Proposal 1: (Current Working Assumption)

Source eNB forwardds all SDUs after first Non-ACKed SDU.
	Proposal 2: (Optimization)

Source eNB only forwards all Non-ACKed SDUs.

	Pros
	Simple
	No waste of radio resource in retransmitting already received SDUs.

	Cons
	Some waste of radio resource in retransmitting already received SDUs.
	?

	Supporting Company
	, LGE
	Asustek, Samsung, Motorola (R2-061343), Siemens, Panasonic, Nokia, Qualcomm, DoCoMo

	Related Issues
	Refer DoCoMo simulation results (Figure 2 of [3])
	It is ffs whether this solution can work well in conjunction with Nokia proposal on continued RLC SN after handover.

	
	
	

	
	
	

	
	
	

	
	
	


When to send RLC Status Report

The following table shows the summary of email discussion on this issue:

	
	Proposal 1: (RLC Status Reporting before HO)
	Proposal 2: (RLC Status Reporting after HO)
	Proposal 3: (Nothing specified)

	Pros
	No waste of radio and X2 resources for transmitting some SDUs already received but not acknowledged.
	No delay in handover
	Same as proposal 1

	Cons
	It could delay the handover due to the required time for sending RLC Status Report. (+)

All RB should be stopped after sending RLC status report, hence increasing the data transmission interruption time during handover.(*)

eNB may not be able to start forwarding until RLC status report is received successfully.
	Waste of radio ($) and X2 resources for transmitting some SDUs already received but not acknowledged.
	Basically same as proposal 1 but the delay would be slightly larger since source eNB should react after reception of measurement report from UE.

	Supporting Company
	NEC (implicit polling based), 
	LGE, Qualcomm (RLC status report contains RLC SDU information)
	DoCoMo (explicit polling based [3]), Samsung, Siemens (details FFS), Panasonic, Ericsson (optional, based on explicit polling on selected bearers)

	Related Issues
	Refer DoCoMo simulation results (Figure 1 of [3])
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


In addition to sending an RLC status report, the HARQ information can also be used to determine which SDUs have been correctly received at the time of the hand-over. In case of HARQ residual error, explicit polling can ensure the reliable transmission of error-critical message such as RRC signalling or NAS signalling) 
(+) if the delay is significant, the handover failure probability would increase in some demanding channel conditions.

(*) Because of RLC is reset during HO, the UE should discard any partially received SDUs. Therefore unless the source eNB can make it sure to transmit all not fully received SDUs, this issue of stopping transmission may not harm the interruption time, as seen above RLC layer, too much.
($) if the RLC status report contains RLC SDU information, then the waste of radio resource could be avoided. However, this would imply the layering violation, i.e. eNB looks inside of RLC SDU.
4
Conclusions

The following table summarizes the proposals and the current company position:
	
	Proposal 1
Supporting Companies
	Proposal 2
Supporting Companies
	Proposal 3
Supporting Companies
	Conclusion

	Reordering in non-mobility case
	Not required generally if required at UE PDCP

Nokia, Qualcomm, Ericsson, Siemens, Panasonic, Motorola,  DoCoMo, 
	Not required generally if required at eNB 

NEC, LGE, Samsung
	Not required but FIFO with order-difference marking is required
ASUSTeK
	

	Reordering in mobility case
	at UE PDCP

Nokia, Qualcomm, Ericsson, Siemens, Panasonic, Motorola, Samsung, DoCoMo, 
	at eNB 

NEC, LGE, 
	Not required but FIFO with order-difference marking is required
ASUSTeK
	

	What to forward
	Source eNB forwardds all SDUs after first Non-ACKed SDU

, LGE
	Source eNB only forwards all Non-ACKed SDUs.

Asustek, Samsung, Motorola (R2-061343), Siemens, Panasonic, Nokia, DoCoMo, Qualcomm
	NA
	

	RLC status report at handover
	RLC Status Reporting before HO (implicit polling)
NEC, Samsung

	RLC Status Reporting after HO

LGE, Qualcomm (RLC status report contains RLC SDU information)
	Nothing specified (explicit polling)
DoCoMo & ASUSTeK (explicit polling based [3]), Siemens (details FFS), Panasonic, Ericsson (optional, based on explicit polling on selected bearers)
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Annex 
1

Deciphering and in-sequence delivery in R99

When ciphered UM PDUs are received out of order, say SN = 0, 1, 3, 4, 5, 2, 6.

The first 5 UM PDUs will be ciphered correctly.

However, for SN =2, it will be considered as the next SN cycle (SN= 6, 7, 8,  ..., 127, 0, 1 are assumed to be lost) so that HFN will be increased by one.

Consequently, all PDUs after SN = 2 will be deciphered incorrectly.

This is well known and it is the reason why there is a re-ordering queue needed in MAC for HSDPA.
For AM, there is one receiving window. Thus, out of order arriving of AMD PDUs will not be a problem.

With the same example above, SN = 0, 1, 3, 4, 5, 2, 6.

SN= 2 will not be treated as the next SN cycle.  Thus, deciphering will work fine.

In addition, in AM, ciphering of SN = 3 can be performed without waiting for SN = 2.

Thus, receiving window works as "implicit" FIFO queue for AM deciphering functionality.

This is a common understanding of AM deciphering. 

Unfortunately, it is not specified in RLC spec.
Annex 
2

Some details on order-difference marking

The idea of order-difference marking in PDCP re-ordering or PDCP receiving window can be easily understood through an example.

Suppose that PDCP SN is 8 bits and PDCP PDUs with PDCP SN = 0, 1, ..., 253 have be received successfully with HFN = x. 

Then, PDCP receives a stream of PDCP PDUs with PDCP SN = 2, 3, 4, 5, 254, 255, 0, 1, 6, 7.

(1) The general re-ordering or window function with in-sequence delivery will hold PDCP PDUs of SN = 2, 3, 4, 5 until SN = 254, 255, 0, 1 are received and delivered for deciphering and/or header decompression.

(2) With order-difference marking, PDCP PDUs of SN = 2, 3, 4, 5 will be delivered up as soon as they are received.

They will be deciphered with HFN = x +1, correctly. 

And, there would be no problem expected for ROHC to correctly decompress the headers of these PDUs.

For SN = 254, when the PDU is delivered, it is also marked as - ( (5 - 254) mod 256 ) = -7. (because 254 is seven SN before the last delivered SN.) By this marking, deciphering knows to deciphered PDU of SN = 254 with HFN = (x+1) - 1 = x.

Also, with the help of this marking, ROHC can shift the interpretation interval (i.e. the p value) in its W-LSB decoding scheme so that the compressed header can be interpreted and decompressed correctly.

How order-difference mark works for ROHC seems a little complicated for people not familiar with ROHC. 

However, the basic principle is same as HFN adjustment for SN wraparound for deciphering.

Note that this order-difference marking can remove the limitation of maximum 1 or 2 out of sequence reception in ROHC. In ROHC section 5.3.2.2.3, it is specified that when a CRC check fails, algorithms of section 5.3.2.2.4 and 5.3.2.2.5 MAY be used and if another algorithm is used, it MUST have at least as high a rate of correct repairs as the ones in 5.3.2.2.4 and 5.3.2.2.5. Thus, this kind of "another algorithm" is allowable by ROHC. 












































































� definition of mobility and non-mobility duration is still to be defined.


� Note: currently RLC already provide in-sequence delivery.





