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1. Introduction
In LTE segmentation and concatenation of RLC SDUs in RLC PDUs of different sizes are allowed and this leads to several different RLC PDU structures depending on all possible scenarios of segmentation/concatenation. Based on this principle, some contributions to describe the RLC PDU structure have been proposed in the previous meetings. The RLC PDU structure can also vary depending on the RLC SN and PDCP SN handling in the RLC header structure. Here we compare three different solutions for representing the RLC PDU structure in all possible scenarios of segmentation/concatenation. We took into account the existing solutions (both solution based on independent RLC and PDCP SNs and solution based on PDCP SN re-use) and we add to the discussion a third alternative as well. It is based on the removal of redundant PDCP SNs to reduce overhead and it is described in more detail in [3].

2. General description of the RLC PDU header in LTE

In LTE, the RLC PDU contents may have six possible scenarios, which are listed in Annex A. The following information is necessary to guarantee the RLC works correctly:

· For the normal RLC PDU

· RI (1 bit): indicating whether the RLC PDU is an entire RLC PDU or a segment of RLC PDU in case of re-segmentation scenario

· SN: sequence number

· Due to the short TTI and the fast ARQ retransmission by HARQ/ARQ interaction, the short SN can be considered for LTE RLC PDU. We use 8 bits for this purpose.

· An RLC SN is useful for re-transmissions and for re-ordering. It can be continuous as described in the following sections related to solutions 1 and 3 or not as for solution 2, in case of PDCP SN re-use for RLC SN. 

· LI: length indication, which indicates the length for each data part concatenated together

· Different length can be used for different service, for example, for the 1500 byte TCP/IP packet, 11 bits is needed. While for VoIP packet, small number of bits can be used. In this contribution we assume 11 bits for LI field. 
· Some optimization can be applied to this field. For example, the length for the last data part can be removed, because it can be estimated by the RLC PDU size and the LI information of its previous data parts. But this contribution does not consider this optimization. 

· Field to indicate the number of concatenated data payloads, two alternatives are feasible:

· N: number of segments/SDUs in the PDU, only one field is used for this purpose

· Extension bit (E): to indicate after every LI if the following field is another LI or not

· In this contribution, we use the second one for all solutions to fairly compare them

· Indication of PDU payload structure: it can be done in different ways using 2 or 3 bits with different meaning [1], [2]. However here for the comparison’s sake we assume 2 bits with the following meaning:

· SI_F (1 bit): segment indication for the first concatenated data part

· SI_L (1 bit): segment indication for the last concatenated data part

· To work correctly the receiver should also consider ‘n’ the number of segments/SDUs in the PDU and it corresponds to the number of decoded LI fields. Taking into account this information, the following scenarios of concatenation/segmentation can be easily represented in the relevant header fields with the following meaning:
· If n=1

· SI_F=0 ( Scenario 1 (no concatenation and no segmentation) ( SI_L not needed or ignored
· SI_F=1 ( Scenario 2 (segmentation without concatenation) ( SI_L used as LSI (Last Segment Indicator)

· If n>1

· SI_F=0, SI_L=0 ( Scenario 3 (concatenation without segmentation) 

· SI_F=1, SI_L=1 ( Scenario 4 (1st part (last segment) + SDUs + Last part (first segment))
· SI_F=0, SI_L=1 ( Scenario 5 (SDUs + Last part (first segment))

· SI_F=1, SI_L=0 ( Scenario 6 (1st part (last segment) + SDUs)

· For re-segmentation scenario

· The above mentioned RI and SN should be attached to every segment, whereas other info can be attached only to the first segment, however some specific fields to indicate the segmentation and in particular to identify the segment and its length have to be introduced

· There are two methods to be used for resegmentation indication, one based on a Segment Index, a sort of SN of the segment useful for the in-sequence re-assembling of all segments and another one based on an Offset to indicate the position of the segment in the original PDU. Focusing on the Offset solution the following fields are needed per every segment:

· Offset: which indicates the position of the segment’s first byte in the original RLC PDU

· This length of “offset” field can be determined by the original RLC PDU size. But in the re-segment scenario, the original RLC PDU size is not known to the receiver, so this field should be determined by the maximum TBS

· LI_R: Length Indicator, which indicates the length of the RLC PDU segment.

· LI_R = ROUNDUP (Log2 (Max (Segment length)) bits

· LSI (1 bit): Last Segment Indicator, it indicates the last segment of the original RLC PDU

Note 1: for simplicity D/C (the indicator of RLC PDU type) and P (Polling bit) fields are not part of the discussion. 

Note2: in the following description we assume the PDCP SN=11 bit and no PDCP header byte alignment is considered
3. Discussion on the RLC PDU header structure definition

Based on the section 2 discussions, three solutions on the RLC PDU structure are described in this section. They are based on three different handlings of PDCP SN and RLC SN and lead to different overhead.
3.1. Solution 1: Separate RLC PDU SN + no PDCP SN removal

In this solution, the RLC SDU and/or its segment are concatenated sequentially into the RLC PDU. One separate SN is used to differentiate each RLC PDU and the RLC PDU structure is shown in figure 1 [1].
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Figure 1: RLC PDU structure for solution 1
Notes 1: figure 1 shows a general scenario where RLC SDUs are concatenated together. 

Note 2: the last LI can be removed as an optimization. But this contribution does consider this point.

As shown in figure 1, except the RLC PDU header, each concatenated RLC SDU contains its PDCP SN, which contributes a lot to the total RLC PDU overhead. 
Then the RLC PDU overhead (excluding the payload due to PDCP SDUs, but including the PDCP SNs) according to the listed scenarios in Annex A and assuming N the number of concatenated RLC SDU/segments is:

Scenario 1: RI+SN+ LI+E+ SI_F+PDCP SN=8+1+1+11+1+11=33

Scenario 2: RI+SN+ LI+E+ SI_F+SI_L+PDCP SN=8+1+1+1+11+1+11=34

Scenario 3: RI+SN+ N*LI+N*E+SI_F+SI_L+N*PDCP SN=8+1+1+N*11+N+1+N*11=11+23*N

Scenario 4: RI+SN+ N*LI+N*E+SI_F+SI_L+N*PDCP SN=8+1+1+N*11+1+1+N*11=11+23*N

Scenario 5: RI+SN+ N*LI+N*E+SI_F+SI_L+N*PDCP SN=8+1+1+N*11+1+1+N*11=11+23*N

Scenario 6: RI+SN+ N*LI+N*E+ SI_F+SI_L+N*PDCP SN=11+23*N

Benefits:

· Continuous and unique SN helps to simplify the receiver re-ordering procedure

· It does not impact the status report structure definition

Disadvantages: 
· The PDCP SN for each RLC SDU concatenated in the RLC PDU payload together with the independent RLC SN added per every PDU represent a significant overhead which reduces the throughput for user data across the air interface

3.2. Solution 2: reuse of the PDCP SN as the RLC PDU SN+ removal redundant PDCP SNs

In reference [2], two feasible solutions for RLC header structure in case of PDCP SN re-use for RLC SN are proposed with the purpose of reducing RLC PDU header overhead. The two solutions are respectively based on Segment Index or Offset mechanism. Here the second mechanism with the Offset has been chosen for the comparison. 

This solution has the following characters, which differ from RLC PDU header described in the section 2:

· The RLC PDU SN is now not used and the higher layer SN corresponding to the SN of the first SDU or segment included in the PDU is re-used also for RLC layer. As a consequence the field corresponding to the RLC PDU SN can be saved.  
· An Offset field indicating the position of the first byte of the segment’s payload in the original RLC SDU has to be introduced for some of the scenarios presented in Annex A which include segmentation. It is assumed to be 11 bits long. 
· As proposed in [3] in case of concatenation of consecutive PDCP PDUs into a RLC PDU payload, the PDCP SNs of the consecutive PDCP PDUs are removed from the RLC PDU payload.
Then the RLC PDU overhead according to the assumptions above and to the listed scenarios in Annex A and assuming N the number of concatenated RLC SDU/segments is:

Scenario 1: RI+PDCP_SN+LI+E+SI_F =1+11+11+1+1=25 
Scenario 2: RI+PDCP_SN+ LI+E+SI_F+SI_L+Offset=1+11+11+1+1+1+11=37

Scenario3:RI+PDCP_SN+LI+E+…+LI+E+SI_F+SI_L=RI+PDCP_SN+N*LI+N+SI_F+SI_L=1+11+11*N+N+1+1=14+12*N

Scenario 4: RI +PDCP_SN +N*LI+N*E+ SI_F+ SI_L+ Offset =1+11+11*N+N+1+1+11=25+12*N

Scenario 5: RI+PDCP_SN+N*LI+N*E+SI_F+SI_L =1+11+11*N+N+1+1=14+12*N

Scenario 6: RI+ PDCP_SN + N*LI+N*E+SI_F+SI_L+ Offset =1+11+11*N+N+1+1+11=25+12*N

Benefits

· No separate RLC PDU SN is needed and only one PDCP SN is carried in the RLC PDU, whereas the other PDCP SNs are removed. This helps to decrease the RLC PDU overhead

Disadvantages:

· As in solution 3, the PDCP PDU should be processed in RLC layer to remove the redundant PDCP PDU SN. But this is not an issue at the current stage, it just implies a different procedure which are discussed in detail in reference [3] 
· The Rx RLC re-ordering procedure maybe complex because the RLC PDU SN is not continuous and the info “RLC PDU SN+N” must be used to get a continuous “SN”. Where N is the number of concatenated RLC SDU and/or segments in the original RLC PDU

· The RLC status reports structure may become more  complex

3.3. Solution 3: Separate RLC PDU SN + removal the redundant PDCP SN

According to reference [3] discussion, because the PDCP is located in eNode B, the sequentially RLC SDU must have sequentially PDCP SN. If the receiver knows the first concatenated RLC SDU’s PDCP SN, the following RLC SDUs’ PDCP SN can be estimated automatically.
So only the PDCP SN of the first concatenated RLC SDU’s needs to be sent to the receiver, while the other RLC SDU’ PDCP SNs can be removed. And in the receiver, after the RLC PDU re-assemble procedure, PDCP SN is resumed to each concatenated data part except the first one based on the received PDCP SN.  

This solution has the following characters:

· The separate continuous SN is added for each RLC PDU

· Only one PDCP SN is carried in the RLC PDU 
· The PDCP SN for other concatenated parts are removed from the RLC PDU payload to save overhead

· In the receiver, PDCP SNs should be resumed to each RLC SDU based on the transferred PDCP SN. The purpose is to guarantee the Rx PDCP layer work correctly.

So we have the following figure 2 as the third solution:
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Figure 2 RLC PDU structure for solution 2

Then the corresponding RLC PDU overhead according to the listed scenarios in Annex A and assuming N the number of concatenated RLC SDU/segments is:

Scenario 1: RI+SN+LI+E+ SI_F+PDCP SN=1+8+11+1+1+11=33

Scenario 2: RI+SN+LI+E+ SI_F+SI_L +PDCP SN =1+8+11+1+1+1+11=34

Scenario 3: RI+SN+N*LI+N*E+SI_F+SI_L+PDCP SN= 1+8+N*11+N+1+1+11=22+12*N

Scenario 4: RI+SN+N*LI+N*E+ SI_F+SI_L+PDCP SN=1+8+N*11+N+1+1+ 11=22+12*N

Scenario 5: RI+SN+N*LI+N*E+ SI_F+SI_L+ PDCP SN=1+8+N*11+N+1+1+ 11=22+12*N

Scenario 6: RI+SN+N*LI+N*E+ SI_F+SI_L+ PDCP SN=22+12*N

Benefits:

· Continuous and unique SN helps to simplify the receiver re-ordering procedure

· It does not impact the status report structure definition
· The redundant PDCP SN can be removed in Tx to save overhead and in turn to save the radio resource
Disadvantage:

· As for solution 2 a new user plane procedure is required [3], since the PDCP PDU should be processed in the Tx RLC layer to remove the PDCP SN, but this point is not a big issue and the procedure is very simple, since due to the co-location of PDCP and RLC in eNB, continue RLC SDUs have the continuous PDCP SN. 
3.4. Comparison

Based on the three possible RLC PDU structure definitions, the following table shows the RLC PDU header consumption based on the three mentioned solutions. 
Table 1 RLC PDU header consumption for the three solutions

	Case
	Solution 1
	Solution 2
	Solution 3

	1
	33
	25
	33

	2
	34
	37
	34

	3
	11+23*N
	14+12*N
	22+12*N

	4
	11+23*N
	25+12*N
	22+12*N

	5
	11+23*N
	14+12*N
	22+12*N

	6
	11+23*N
	25+12*N
	22+12*N


Table 1 indicates significant difference in terms of overhead exists between solution 1 and solution 2/3, but no big difference between solution 2 and solution 3. On the other hand solution 3 has some more benefits compared to solution 2 due to sequential RLC SN and then we propose to design the RLC PDU structure according to solution 3.
Note: the comparison for case 2 in the table only refers to the first segment. 

4. HO scenario

According to the last RAN2 agreement on user plane handling at the HO, selective data forwarding of PDCP SDUs with their associated SN is performed. In particular the source-eNB forwards to the target eNB all DL PDCP SDUs that have not been acknowledged by the UE and all UL PDCP SDUs received out-of-sequence. As a consequence in DL and in UL not-acknowledged PDCP SDUs will be retransmitted and it can happen then that PDCP SDUs with not consecutive SNs are sent to the RLC layer after their PDCP processing. Their concatenation at RLC layer in case of solution 2 and 3 will cause some problems, since the receiver will not be able to re-assign the correct PDCP SN if SN re-use or SN removal is applied.
A simple solution to this issue for both solution 2 and solution 3 can be the assumption that “only PDCP PDUs with consecutive SN can be concatenated in the same RLC PDU”. Currently this assumption is not included in the specifications, but since the case of not consecutive SN occurs only during the HO, the impact on optimized use of resources will be very limited and without any additional cost it solves the HO scenario.
Otherwise if we want to allow the concatenation of not consecutive PDCP PDUs, it is still possible for solution 3 not to apply SN removal and keep both PDCP SN and RLC SN in case of concatenation for forwarded PDUs in DL or re-transmitted PDUs in UL. In this case an indication has to be sent to the receiver to signal whether the SN removal is applied or not to. It can be one bit field to add to the header to help the receiver RLC layer user plane processing. This mechanism cannot be applied to solution 2 where the re-use of SN does not foresee an independent RLC SN.
5. Conclusion

In this contribution, the RLC PDU structure is discussed and three solutions are described. We proposed to adopt the solution 3 for the RLC PDU structure in LTE. The relevant user plane procedure is described in more detailed in [3].
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Annex A: All possible scenarios on the RLC PDU content

Six possible scenarios have been identified in RLC PDU structure listed in reference [2]:
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Note: in reference [2] there are seven possible scenarios, since the scenario “1st part (last segment) + Last part (first segment)” can be considered as a separate scenario, however in this contribution we consider this 7th scenario as a sub-case of scenario 4th.

- 1 -

_1242460756.vsd
RLC PDU segment


SN


RI


Offset


LI_R


LSI


(a) normal RLC PDU structure


RLC PDU data payload


Header


Header


(b) RLC PDU segment structure


LI1


...


LIn


SN


RI


E


E


 SN


PDCP data part


...


 SN


PDCP data part


SI_F/L



_1242462386.vsd

_1242460568.vsd
RLC PDU segment


SN


RI


Offset


LI_R


LSI


(a) normal RLC PDU structure


RLC PDU data payload


Header


Header


(b) RLC PDU segment structure


SI_F/L


LI1


...


LIn


SN


RI


E


E


PDCP data part


 SN


PDCP data part


...


PDCP data part



