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1 Introduction

After RAN2 #56, an e-mail discussion on downlink packet forwarding and re-ordering at inter-eNB handover took place over the RAN2 e-mail reflector. The discussion is summarized in [1]. 

Currently, it is assumed in the stage-2 spec [2] that RLC provides in-sequence delivery, i.e., reordering function, based on RLC sequence number. Necessity of reordering above RLC layer and whether it shall be performed in UE PDCP or eNB if needed are not decided yet. An order-difference marking scheme is introduced in the e-mail discussion to replace re-ordering function. For simplicity, we call Order-difference marking scheme as “marking scheme” in short in this document.
This contribution assesses the necessity of reordering function and concludes with a comparison between the reordering function and the marking scheme.
2 Analysis of reordering function and marking scheme

2.1 Purposes of reordering function

Data delivery delay is an essential drawback of reordering function. Therefore, there are purposes for reordering function to exist. They are:

(1) Deciphering: HFN value is maintained according to a sequence number. When the SN wraps around, HFN is incremented by one. Reordering before deciphering can ensure a correct HFN value as a parameter of ciphering algorithm. In LTE, ciphering is performed in PDCP so that reordering should based on PDCP SN rather than RLC SN.

(2) Header decompression: Currently, LTE assumes ROHC is used for header compression and decompression. ROHC itself can allow out of sequence reception with limitation of 2. Out of this range, the decompressed header cannot be correctly repaired by ROHC itself. (Note: ROHC allows extra schemes to provide higher rate of correct repairs.) Reordering before ROHC can ensure correct header decompression. Note that RLC SN in LTE is currently assumed to be independent of PDCP SN. In mobility case, RLC SN is reset after handover so that reordering should be performed on PDCP SN rather than RLC SN, whether reordering is performed in eNB or UE PDCP.

(3) ARQ and Duplicate Detection: ARQ and Duplicate Detection functions can be achieved by a receiving window. In UTRAN, window and reordering are considered as the same thing. However, window and reordering are different. Window deals with SN. The purpose of window in RLC for LTE is ARQ and duplicate detection. In LTE, ARQ is done on RLC SN and duplicate detection need be done on both RLC SN and PDCP SN. On the other hand, reordering deals with data storage and delivery and its purpose is for deciphering and header decompression. In LTE, reordering is required on PDCP SN only.

In summary, reordering is done on PDCP SN for the purpose of deciphering and header decompression. In other words, reordering based on RLC SN is not needed.

2.2 One drawback of reordering function to ROHC

ROHC assumes real time transmission of decompressed packets. For example, in Section 5.3.2.2.4 of ROHC [3], ROHC utilizes the arrival time of each incoming packet to estimate the number of consecutive lost packets. With ordering function, the arrival time of each packet (PDCP PDU) is distorted. The scheme using arrival time of each packet in ROHC does not work for correction of SN LSB wraparound specified in the section of ROHC mentioned above.

2.3 Marking scheme

First-in-first-out (FIFO) queue with marking scheme is explained by an example in [1]. The example is quoted below for ease of reference. 

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.

Note that for the purpose maintaining HFN value, marking only the relative sequence order (before/after the previously delivered PDU, i.e., the sign of the order difference) is enough. The absolute difference value is not needed. For header decompression, the difference (sign + absolute value) can ensure successful header decompression under extreme cases.

For example, suppose PDCP receives a sequence of PDCP PDU with SN = 0, 1, 3, 4, …, 100, 101, 2, 102, … , wherein SN =2 is delayed during transmission over S1. (This is an extreme case to show how marking scheme works.) There is no problem for deciphering SN = 2 and SN = 102 with proper HFN value if marking scheme is used. For header decompression, there may be problem for SN = 2 and SN = 102. In ROCH, if there is no reordering and no marking, header of SN = 2 will not be able to be decompressed successfully so that PDU of SN =2 will end up to be discarded. Now, if marking scheme is applied to SN =2, decompressor has the information that the packet SN (say, RTP SN) is 99 less than the packet SN of the previous packet (PDCP PDU with SN=101). Thus, header of PDCP SN with SN=2 can be decompressed successfully. For SN = 102 with marking, again decompressor has the information that the packet SN is 100 larger than the packet SN of the previous packet (PDCP PDU with SN= 2) so that header can be decompressed successfully. 

Of course, reordering can work in the above example also. But note how much delay for the packets contained in PDUs of SN = 3~101 is introduced by reordering in this extreme case!

For the SN LSB wraparound issue, marking scheme can solve it similar to the above example.

In conclusion, the marking scheme can ensure proper maintenance of HFN value for deciphering and can ensure successful header decompression even under extreme out-of-sequence reception case and SN LSB wraparound scenario.

A comparison between reordering and marking schemes are given in Table 1. 

Table 1: Comparison of reordering and marking schemes

	Schemes
	Pros
	Cons

	Reordering
	Deciphering works well.
	1. Delivery delay when some SN missing.

2. Storage for reordering queue needed.

3. Arrival time is distorted so that it does not work well for correction of SN LSB wraparound in ROHC.

	Marking
	1. Deciphering works well.

2. Header compression works well.

3. No delivery delay.
	1. Extra overhead for marking.

2. Header correct repair scheme outside ROHC is needed.


The extra overhead for marking is about the same length of PDCP SN. Since this is needed only in PDCP layer itself and no transmission is needed if marking is done in PDCP, this should not be considered as a drawback. Besides, as shown in the above example, the header correct repair scheme with marking scheme is quite straightforward and the complexity involved is quite limited.

3 Conclusion

From the above analysis, we conclude that:

(1) In sequence delivery in RLC is not needed for LTE because reordering is based on PDCP SN.

(2) Marking scheme instead of reordering function is used in PDCP.

We propose to adopt the above conclusion as RAN2 working assumption.
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