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1. Introduction

In previous RAN2 discussions, already several times the issue of whether the PDCP SN should be re-used at ARQ level was discussed. In this contribution we provide some further input for this discussion.

Section 2 describes the two alternatives (without/with PDCP SN re-use at ARQ level) in more detail.

Then the following sections compare the two alternatives w.r.t.


Section 3: 
Efficiency


Section 4:
Handling at Handover


Section 5:
Other aspects

2. Description of the two alternatives

2.1. ARQ SN is independent of PDCP SN (as in UMTS today)

a. One part of, one complete, or multiple PDCP PDU’s are included in one ARQ PDU.

b. All PDCP parts belonging to one RB are transmitted in one ARQ-PDU at the first ARQ transmission and obtain together one ARQ SN. 

i. Thus for the first ARQ transmission, never a segment index will be present.
c. In case of ARQ retransmissions, the whole ARQ PDU is planned for retransmission. A segment index may be introduced if segmentation of the ARQ PDU is required.
Figure 1 shows an example in which 2 PDCP PDU’s (each having an 8 bit SN) are multiplexed in one ARQ PDU:
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Figure 1

LCID:




Logical Channel Id
ARQ PDU Length:
Supports lengths up to 2048B = 16384bit

LI:





Length Indicator

LSI:




Last Segment Indicator

Note 1:
This contribution assumes that a 7(section 2.1)/8(section 2.2.) bit SN at PDCP level is sufficient, and that a 6 bit (section 2.1)/7 bit (section 2.2) SN at ARQ level is sufficient. One can probably argue that these SN sizes are quite small and maybe larger SN’s are indeed required. We assume that for comparison purposes it is acceptable to use these relative small numbers as long as they are used for both cases.
Note 2:
As today we will assume in this contribution that it is possible for services like VOIP to work without LI’s (RRC configuration), and only include 1 PDCP PDU per ARQ PDU.

2.2. ARQ SN is equal to PDCP SN
a) One part of or one complete PDCP PDU is included in one ARQ PDU.

b) Each ARQ PDU part has its own PDCP SN (7 bits) and possibly a segment index if segmented. PDCP SN + segment index = ARQ SN
c) Thus if a PDCP PDU is segmented for the first ARQ transmission, already the first ARQ transmission may use segment indices.

d) In case of ARQ retransmissions, one ARQ PDU of the first ARQ transmission might have to be segmented again. As a result, a second segment index may be introduced.

e) At most two level of segmentation is possible. For byte alignment following field sizes are assumed.
· 1st level segmentation index: 6 bit
· LSI for the 1st level segmentation: 1 bit
· 2nd level segmentation flag: 1 bit
· 2nd level segmentation index: 7 bit
· LSI the 2nd level segmentation: 1 bit
Figure 2 shows an example in which 2 PDCP PDU’s are multiplexed in one MAC PDU:
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Figure 2

Note that in both cases we have ensured that the MAC header, the ARQ header and the PDCP header are all byte aligned. We think that having byte aligned headers is preferable when handling the data rates that we target for LTE. As a result, some of the segment index fields are larger than they really need to be:
· E.g. for a worst case segmentation, with a UE UL rate of 128kbps (2 HARQ retrans) = 128000/2000*3 = 192 bits/TTI, thus 12000 bits may need to be segmented in 60 parts (6 bits)
· For resegmentation at ARQ retransmission, probably a segment index allowing a factor 4-16 of segmentation would be sufficient (4 bits).

2. Efficiency considerations

In this section we look at the obtained overhead efficiency for different service scenarios.

Below table shows the overhead efficiency of two alternatives. The details on the scenarios and the analysis are on the Annex. 

	Scenario
	Which one is better

	12.2 kbps speech
	Reusing PDCP SN by 2.91 %

	High bit rate FTP in 10 Mbps radio, no radio degradation in retransmission
	File transfer direction
	Separate ARQ SN by 0.35%

	
	Feedback direction
	Reusing PDCP SN by 4.76 %

	High bit rate FTP in 200 kbps radio, no radio degradation in retransmission
	File transfer direction
	Separate ARQ SN by 2.87%

	
	Feedback direction
	Reusing PDCP SN by 4.76 %

	High bit rate FTP in 10 Mbps radio, 6 db radio degradation in retransmission
	File transfer direction
	Separate ARQ SN by 0.48%

	
	Feedback direction
	Reusing PDCP SN by 1.58 %


3. Handover related aspects
Based on recent agreements in RAN2, the ENB is aware of the PDCP SN in UL. This because we have agreed that at handover, in UL already correctly received PDCP SN’s should not need to be retransmitted to the target ENB even if they have been received out of sequence. As a result, the source ENB will have to inform the UE about which PDCP PDUs (based on SN) need to be (re-) transmitted after the handover.
Currently it is open if the ENB would perform re-ordering of DL PDCP PDU’s during the handover. If it would, also during this phase the ENB will need to be aware of the DL PDCP SN’s.  In addition, also if the target ENB should only transmit PDCP PDU’s not successfully received by the UE, the ENB will have to be aware of PDCP SN’s.
Separate ARQ SN

- RLC starts with SN=0


- DL: 



-   All PDCP PDU’s not completely confirmed by the UE are forwarded to the target ENB

· UE requests retransmission of all not completely received PDCP PDU’s (bitmap on PDCP SN from UE. The first bit in the bitmap would be the first missing PDCP SN, and the value of this PDCP SN would be signalled explicitly).
· If we do not agree on the optimisation, the UE only needs to indicate the first missing PDCP SN
- UL:
· Source ENB informs the target ENB about which PDCP PDU’s do no longer have to received. Target ENB will only ask for remaining PDU’s from UE.

Re-use of PDCP SN
The operation in this solution will be quite similar to the operation in the case of a separate ARQ SN, except:
· The RLC will start from the lowest missing PDCP SN, so not necessarily from zero.

· The RLC must take care that several ARQ PDU’s have already been received (at least in the UL) at the source ENB, and therefore the receiver should ACK these PDU’s without reception in STATUS PDU’s.

As a result it seems that the second solution is slightly more complex w.r.t. RLC operation at handover ?
4. Other aspects

Solution 2 has the additional complexity that the ENB in DL needs to detect lost PDCP PDUs over S1, in order to generate an MRW SUFI.
Solution 2 has the advantage that since only 1 SN is present on the radio, additional robustness both at ARQ level and end-to-end is obtained by increasing this one SN-size. If we e.g. want to increase radio re-ordering robustness in solution 1, both the PDCP SN and ARQ SN size need to be increased.
Solution 1 has the advantage that is realises more decoupling between the ARQ and PDCP layers.
5. Conclusion
As can be seen from the above, re-use of the PDCP SN at ARQ level does bring some efficiency gains, while introducing some additional complexity.
RAN2 is requested to take the above information into account when making a decision on this issue.

Annex. Details on Efficiency analysis

Example 1: Speech

Assumptions:

· PDCP SDU size

· 1 + 2 + 32 = 35 byte during talk-spurt period

· 65 + 32 = 97 byte during transient period

· 1 + 2 + 8 = 11 byte during silent period

· one PDCP SDU mapped to one RLC PDU and further to MAC PDU (persistent scheduling)

· Phone call length: 100 second

· Period distribution

· transient period: 0.08%, talkspurt period: 39.92 %, silent period: 60 %

· Number of packets generated during call

· IR packets : 
4 

· voice frame: 
100 x 0.3992 x (1000/20) = 1996

· SID: 



100 x 0.6 x (1000/160) = 375

· IR packets are transmitted as a single PDU.

Results:

· Total number of byte transmitted

· Separate ARQ SN

· 4 x (97 + 1+ 3) + 1996 x (35 + 1 + 3) + 375 x (11 + 1 + 3 ) = 83,873 byte

· Reuse of PDCP SN

· 4 x (97 + 3) + 1996 x (35 + 3) + 375 x (11 + 3 ) = 81,498 byte

Efficiency:

=> Reuse of PDCP SN is better by 2.91%

Example 2: High rate RB, 12000 bit for one direction/TCP ACK packets for the other direction, 




handled at rate of 10Mbps, 1% ARQ retransmission but no change in radio conditions.
Assumptions:

· Header compression is not used for both directions

· PDCP SDU size = 1500 byte/60 byte 

· IPv6

· Delayed ACK (1 ACK per 2 TCP segments)

· 10 M Byte file transfer

· 667 segments

· FTP/TCP connection setup procedure is not considered

· Window size of 64 KB (= 43 segments)

· 2 HARQ retransmissions.

· 15000 bit(= 1875 byte per subframe)

Results:

· In the direction of file transfer

· Total number of bytes transmitted

· Separate ARQ SN

· Number of PDCP SDU = 667

· In this case, all PDCP SDUs except the first one are concatenated in a RLC PDU of 1875 byte size

· Number of RLC PDUs = 1 + (1000000 – 1500)/1875 = 532.5

· Assume 2 byte Length Indicator for each RLC PDU

· Total number of bytes transmitted = 532.5 x 1.01 x (1875 + 2(LI) + 3(MAC hdr)) + 667 (PDCP SNs)=  1011841

· Reuse of PDCP SN

· Number of PDCP SDU = 667

· Assuming all PDCP SDUs except the first one are segmented into 2 segments

· When multiple 1500 byte PDUs are mapped to 1875 byte resource

· (1500, 375), (1125, 750), (750, 1125), (375, 1500),…

· Number of RLC PDUs = 1 + 666 x 2 = 1333

· RLC PDU size = 1000000/1333 = 750.2 byte

· Total number of bytes transmitted = 1333 x 1.01 x (750.2 + 0(=PDCP hdr size) + 4(=MAC hdr size)) = 1,015385

· Efficiency:

=> Separate ARQ SN is better by 0.35%

· In the direction of TCP ACK

· Total number of bytes transmitted

· Separate ARQ SN

· Number of PDCP SDU = about 334

· Assuming no segmentation/no concatenation  
· Total number of bytes transmitted = 334 x 1.01 x (60 + 1 + 3 + 2) = 22264  byte 

· Reuse of PDCP SN

· Number of PDCP SDU = Ceiling [667/2,1] = 334

· No segmentation, No concatenation

· Total number of byte transmitted = 334 x 1.01 x (60 + 0 + 3) = 21,252 byte

· Efficiency:

=> Reuse PDCP SN is better by 4.76%

Example 3: High rate RB, 50/50 mixed 12000 bit for one direction and TCP ACK for the other direction, handled at rate of 200kbps, 1% ARQ retransmission but no change in radio conditions.
Assumption

· Header compression is not used for both directions

· PDCP SDU size = 1500 byte/60 byte 

· IPv6

· Delayed ACK (1 ACK per 2 TCP segments)

· 10 M Byte file transfer

· 667 segments

· FTP/TCP connection setup procedure is not considered

· Window size of 64 KB (= 43 segments)

· 2 HARQ retransmissions.

· 304 bit(= 38 byte) per subframe

Results

· In the direction of file transfer

· Total number of bytes transmitted

· Separate ARQ SN

· Number of PDCP SDU = 667

· Assuming all PDCP PDUs are segmented into 42.89 (=1501/(38-3)) segments

· Number of MAC PDUs = 667 x 42.89= 28604.77 
· Total number of bytes transmitted = 28604.77 x 1.01 x 38 =  1,097,851
· Reuse of PDCP SN

· Number of PDCP SDU = 667

· Assuming all PDCP SDUs are segmented into 44.12 (=1500/(38-4)) segments

· Number of RLC PDUs = 667 x 44.12 = 29426.47

· Total number of bytes transmitted = 29426.47 x 1.01 x 38 = 1,129,388

· Efficiency:

=> Separate ARQ SN is better by 2.87%

· In the direction of TCP ACK

· Same as the example 2.

· Efficiency:

=> Reuse PDCP SN is better by 4.76%

Example 4:
Same as 2, but with 1% ARQ retransmissions at 6dB worse radio conditions
Assumptions:

· Same as 2. 

· RLC PDU is re-segmented to 4 segments in the retransmission. 

Results:

· In the direction of file transfer

· Total number of bytes transmitted

· Separate ARQ SN

· Same as 2 in the initial transmission.

· Additional 1 byte overhead in the retransmissions 

· Total number of bytes transmitted = 532.5 x 1.00 x (1875 + 2(LI) + 3(RLC hdr)) + 667 (PDCP SNs) + 532.5 x 0,01 x (468.75 + 3) x 4 + 667 x 0.01 x (1 + 2) =  1,011,835 
· Reuse of PDCP SN

· Same as 2 in the initial transmission. 

· Additional 1 byte overhead in the retransmissions.

· Total number of bytes transmitted = 1333 x 1.00 x (750.2 + 0(=PDCP hdr size) + 4(=RLC hdr size)) + 1333 x 0.01 x (187.5 + 5) x 4 = 1,016,732

· Efficiency:

 => Separate ARQ SN is better by 0.48%
· In the direction of TCP ACK

· Total number of bytes transmitted

· Separate ARQ SN

· Same as 2 in the initial transmission. 

· Additional 1 byte overhead in the retransmissions.

· Total number of byte transmitted = 334 x (60 + 1 + 3 + 2) + 334 x 0.01 x ((15 + 4) x 4 +1 (PDCP SN) + 2(LI)) =22,307 bytes byte
· Reuse of PDCP SN

· Same as 2 in the initial transmission. 

· Additional 1 byte overhead in the retransmissions.

· Total number of byte transmitted = 334 x (60 + 0 + 3) + 334 x 0.01 x (15 + 4) x 4 = 21,296 byte

· Efficiency:

=> Reuse PDCP SN is better by 4.74%
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