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Introduction

In the previous meeting, there are some discussions on RLC sequence numbering, RLC retransmission unit, concatenation function and so on. In this paper, further discussions are provided on some related open issues.
2
Discussion
2.1 Sequence Numbering
In the previous meeting, there were some discussions on RLC sequence numbering. One open issue relates to as to whether RLC has its own sequence numbering function or whether PDCP SN should be re-used. This decision will affect many other functions like ARQ retransmission, user data handling during HO, ciphering etc. 

As we have previously analyzed, if higher layer sequence number is re-used, then sub-sequence numbering will be used when segmentation is applied, and this will increase the RLC header overhead and the RLC status message will be larger, due to the need to signal each segment with higher layer sequence number and sub sequence number. Furthermore, re-ordering in RLC entity can not simply use SN but a more complex scheme will be needed.  
As discussed in [1], the influence of ciphering key changing to RLC sequence handling should also be taken into account. 
If however, the RLC sequence numbering scheme is implemented, the above problems will be avoided. 
We could foresee the RLC SN field will not be very large as the LTE segmentation would accord to the size of TB. As a result, when considering the complete transmission aspects, there will not be much overhead increased if RLC have its own sequence numbering. 
In the last meeting, there were some discussions and decisions on handover for user data handling, these are also related to the sequence numbering scheme to be adopted. 
For uplink data, if the source eNB forwards all successfully received uplink RLC SDUs to the aGW, then UE will only retransmit SDUs to target eNB, which are unsuccessfully received by source eNB. In the case that PDCP sequence number is used in RLC, target eNB would receive PDUs with discontinuous SN. Thus target eNB may need to be informed. There is another solution proposed [3] where the source eNB will discard all SDUs from the first non received one, and where the UE will retransmit them after handover is complete. However, this scheme will waste radio resource due to the retransmission of some already successfully received SDUs. 
For downlink data, if PDCP SN is used in RLC, target RLC needs to obtain some context like higher layer sequence number of the last forwarding data in order to control the transmission. It will be more complex to handle the transmission parameters in the case that SDUs arrive out of sequence from source eNB and aGW after path switching.  In comparison, if RLC has its own sequence numbering, the user plane data can be easily handled by resetting RLC entity and re-numbering PDUs after handover.
We conclude that when considering the normal transmission scenario and handover scenario, the use of RLC sequence numbering scheme is the both well adapted.
2.2 Multiplexing and RLC Concatenation
The other open issue is whether concatenation of SDUs for one radio bearer would be handled by MAC multiplexing. If RLC allocates its own PDU sequence number, it is implied more overhead if SDU concatenation performed at MAC due to more than one RLC PDUs would be generated for one transport interval thus more than one sequence number is used.  In LTE system, the multiplexing of different radio bearer will not always happen due to the short TTI and flexible scheduling especially in downlink transmission. As a result, concatenation of SDUs from one radio bearer in RLC will make the protocol clear and no need to handle the data block in both RLC and MAC i.e. segmentation in RLC while concatenation in MAC.
To sum up, in order to make the protocol function clear and reduce data block overhead, we propose that

· concatenation of SDUs for one radio bearer should be located in RLC;

· and the multiplexing function in MAC is in charge of concatenating RLC PDUs from different radio bearers. 
2.3 Unit of ARQ retransmission and re-segmentation
During previous meetings, the issue of ARQ retransmission unit is either RLC PDU or SDU has been discussed and most companies support to perform ARQ retransmission based on RLC PDU in order to increase the transmission efficiency. In this case, the acknowledgment will be based on each RLC PDU. Therefore, when the radio condition changes during retransmission, the re-segmentation should be performed on RLC PDU level since there is no need to re-segment and retransmission of these PDUs that are positive acknowledged. Some concerns were raised if RLC PDU re-segmentation was to be adopted as this would:

· increase data block header overhead 
· and complexity .
However, the times of re-segmentation says re-segmentation depth could be limited and controlled by upper layer to reduce the complexity and any other optimization could be further considered.  
To conclude our discussion, ARQ retransmission should be performed based on RLC PDU and the principle of RLC PDU level re-segmentation should be agreed leaving future optimizations FFS.
3
Conclusion
Based on the analysis above, we conclude our proposals on LTE RLC segmentation related open issues listed below and provide text proposals to TR25.813 for RAN2 decision in the following.
· there is a PDU sequence numbering scheme in RLC level;
· concatenation of SDUs for one radio bearer should be located in RLC;

· Multiplexing function in MAC is in charge of concatenating RLC PDUs from different radio bearers;
· ARQ retransmit RLC PDU and PDU level re-segmentation when necessary is needed in RLC layer,
-----------------------------------------Start of Text Proposal---------------------------------------------

5.3.2
RLC Sublayer

This subclause provides an overview on services and functions provided by the RLC sublayer. Note that the reliability of RLC is configurable: some bearers may tolerate rare losses (e.g. TCP traffic).

5.3.2.1
Services and Functions

The main services and functions of the RLC sublayer include:

-
Transfer of upper layer PDUs supporting AM, UM or TM data transfer (FFS);

-
Error Correction through ARQ;

-
Segmentation according to the size of the TB;

-
PDU level Resegmentation when necessary (e.g. when the radio quality, i.e. the supported TB size changes) optimizations are FFS;

-
Concatenation of SDUs for the same radio bearer;

-
In-sequence delivery of upper layer PDUs;
-     PDU sequence numbering;
-
Duplicate Detection;

-
Protocol error detection and recovery;

-
Flow Control (FFS between aGW and eNB);

-
SDU discard (FFS);

-
Reset.

Next Modified Section
6.2
ARQ principles

The ARQ within the RLC sublayer has the following characteristics:

-
 ARQ retransmits RLC PDUs (segments);

-
ARQ retransmissions are based on:

-
RLC status reports (FFS);

-
HARQ/ARQ interactions (see subclause 6.3).

-
The RLC transmitter can invoke a discard procedure (FFS);

-
The RLC can invoke a reset procedure (FFS).

----------------------------------------------End of Text Proposal-----------------------------------------------
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