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1 Introduction
The transmisson throughput of SRBs affects the CS and PS call setup time. A dual/multiple transmission scheme [1] was proposed in RAN2 #48bis to enhance the L2 transmission throughput for SRBs to improve CS and PS call setup delay. The gain of this scheme was challenged because the multiple transmitted PDUs may not be statistically independent. The gain in cell boundary was concerned. In addition, there was a concern on whether the scheme can be compatible with current Rel-99 specification.

This paper presents a modified multiple transmission scheme to ensure statistical independence between multiple transmissions so that the gain of the scheme can be ensured. A brief analysis of backward compatibility with Rel-99 specification is included.

2 Brief summary of the multiple transmission scheme
The basic idea of the multiple transmission scheme is to transmit critical PDUs twice or more times contiguously without waiting for responding PDUs. The critical PDUs can be the last PDU of an SDU, the whole SDU, the last retransmitted PDU or an acknowledgement status report.

The gain of dual transmission scheme can be summarized in the following figures. When the critical PDUs get lost, the transmission time saved by the dual transmission scheme is approximately the round trip delay time.

Figure 1 illustrates the benefit of dual transmission of the last PDU of an SDU. Note that this proposal works well also for the case that a single PDU contains a complete SDU.
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Figure 2 illustrates the benefit of dual transmission of the last retransmitted PDU. An SDU is segmented into four PDUs with SN = x, x+1, x+2, and x+3 (with a poll). The four PDUs were transmitted once. PDUs with SN = x, x+1, and x+3 were received and PDU with SN = x+2 was lost. The receiver sent a status report to negatively acknowledge SN = x+2. And the transmitter retransmits the missing PDU twice consecutively. 
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Figure 3 illustrates the benefit of dual transmission of an acknowledgement status report.
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3 Modification of the multiple transmission scheme
3.1 Basic principle of the dual transmission scheme

For a radio system where the block error rate is 10-2, the propability of losing two consecutive PDUs is as low as 10-4. This is the basic principle behind the dual transmission of critical PDUs. The number of consecutive transmission of critical PDUs can be increased to further increase transmission robustness with the cost of radio resource overhead.

This principle is based on the assumption that the two consecutive PDUs are statistically independent to each other. If the dual transmitted critical PDUs are transmitted within one TTI, they are not independent and the gain of the dual transmission vanishes. This is possible because a chosen TFS may contain multiple PDUs within one TTI. This is also possible for HSDPA, where a MAC-hs PDU may contain multiple RLC PDUs.

3.2 Modified multiple transmission scheme

The key point for the multiple transmission scheme is to ensure the multiple transmitted critical PDUs being transmitted in different TTI. This can be achieved simply by separating the scheduling of the dual transmitted PDUs by a proper time duration. Several tens of miliseconds will be enough for the separation time interval, which can be configured by UTRAN.

4 Discussions
4.1 Gain at cell boundary

There was a concern about whether multiple-transmission scheme can help at the condition of poor RF connection. Here we give a brief analysis.

When an UE moves completely out of coverage, no scheme can help for anything. However, when an UE is in a cell boundary with block error rate being, say, 10-1, the proposed multiple-transmission scheme (with dual transmission) can effectively increase the rate of losing critical PDUs to 10-2. For a call setup procedure that contains 5 or more messages in AM, there will be at least 10 RLC PDUs (AMD PDUs and Acknowledgment status reports in total). With the current specification, one RLC PDU in average will be lost for every call so that a round trip delay time in average will be added to the normal call setup time for each call. With the proposed multiple-transmission scheme with dual transmission, the lost rate can drop to one RLC PDU in average for every 10 calls. Thus, in average, 0.1 round trip delay will be added to the call setup time for each call. In other words, 0.9 round trip delay time can be saved in average in cell boundaries with BER of 10-1. Therefore, the gain is even better at poor RF connection rather than the other way around.

4.2 Backward compatibility

To analyze backward compactibilty, we consider two different kinds of critical PDUs: (1) AMD PDUs with Poll (2) acknowledgment status report.

For dual transmission of AMD PDUs with Poll, if the other side does not implement this proposal and if both polls are received, the other side will respond to send one status report triggered by the first Poll. The status report triggered by the second Poll will be prohibited by currect specification. Since it is expected that all the dual retransmitted AMD PDUs will be received successfully, the status report will contain ACK only in general. The second status report sent out when Timer_Status_Prohibit expires will not be necessary and can be seen as an overhead for backward compatibility. In spite of this single control-PDU overhead, the procedure works as well as the current specification. Besides, if one of the dual transmissions of AMD PDUs with Poll is missing and the other is received successfully, the other side will respond normally.

For dual transmission of acknowledgment status report with NACKs, if both status reports are received, the other side will retransmit the NACKs according to each status report. This can enhance the robustness of the retransmission and is just what we want. If only one status report is received, the other side will respond normally.

In summary, the proposed scheme is backward compatible with Rel-99 specification.

5 Conclusion

5.1 Proposals

To improve CS and PS call setup delay in the L2 aspect, it is worthwhile to sacrifice the radio resource efficiency for transmission delay improvement. Thus, we propose the following schemes for SRBs:

Proposal A: This proposal contains three points as follows.

(1) The PDU containing the length indicator indicating the end of the SDU shall be sent out twice in proper time intervals. Poll bits of both PDUs shall be set to 1 to request a status report.

(2) The last PDU that is retransmitted due to negative acknowledgement shall be sent out twice in proper time intervals. Poll bits of both PDUs shall be set to 1 to request a status report.

(3) An acknowledgement status report shall be sent out twice in proper time intervals.

Proposal B: This proposal contains three points as follows.

(1) The set of PDUs containing segments of a SDU and the length indicator indicating the end of the SDU shall be sent out twice, set by set, in proper time intervals. Poll bits of both PDUs containing the length indicator indicating the end of the SDU shall be set to 1 to request a status report.

(2) The set of PDUs that is retransmitted due to negative acknowledgement shall be sent out twice, set by set, in proper time intervals. Poll bit of the last retransmitted PDU of each set shall be set to 1 to request a status report.

(3) An acknowledgement status report shall be sent out twice in proper time intervals.

Proposal B is more robust at the cost of more radio resource overhead, compared to Proposal A.

The above proposals are proposed to apply for SRBs only. Unlike data stream sent on RBs, messages sent on SRBs are sporadic. Therefore, considering the gain of improved call setup delay, trade-off for radio resource efficiency on SRB is acceptable. 

5.2 Discussion and decision

The group is asked to discuss the above issue and decide whether Proposal A or Proposal B is agreeable based on the trade-off between radio resource overhead and transmission robustness, which implies a shorter call setup delay. 

The group is also asked to decide the number of multiple transmissions, which is an important parameter of this scheme. Considering gain and simplicity, two, i.e. dual transmission, is proposed. 

ASUSTeK will be happy to provide CRs for RLC and RRC according to the group’s preference if the proposed scheme is agreed.
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