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1 Introduction

Improvement of call setup delay  requires to track issues that may affect transmission efficiency on SRBs. 
Here, we consider L2 retransmission delay in the cases when the last RLC PDU of a segmented RLC SDU is lost together with the sender’s polling bit, and when in a sequence of RLC PDUs, the final RLC PDU that contains a full RLC SDU is lost together with the sender’s polling bit.
2 Description

SRB 2, 3 and 4 are operated using RLC AM mode. L2 retransmission is quite quick in most cases. However, there are inefficient cases when the last PDU of a transmission is lost together with the senders polling bit.

Case A: The last RLC PDU of a segmented RLC SDU is lost together with the senders polling bit.
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Figure 1: Last fragment of a RLC SDU is lost
L2 retransmission of the missing PDU requires a STATUS PDU from the receiver, solicited by a new poll from the transmitter or internally triggered in the receiver.

At the transmitter, the following polling triggers can be configured in the present standards : Last PDU in buffer, Last PDU in retransmission buffer, Poll Timer, Every Poll_PDU PDU, Every Poll_SDU SDU, Window based, Timer based.

At the receiver, triggering events for STATUS PDU are : Detection of a missing PDU, Timer based.

Because only one SDU may be generated at a time on an SRB, detection of the missing PDU is not possible in this case. Transmission of a STATUS PDU relies on the following timers only :  poll retransmission timer (up to 1000ms), periodic polling timer (up to 2000 ms) or the periodic status report (up to 2000 ms) will initiate the transmission of a STATUS PDU.

Though it is possible to reduce the retransmission delay with lower timer values, this would cause more frequent transmission of control PDUs, i.e. an increase of the signalling load on SRBs.
Case B: The final RLC PDU that contains a full RLC SDU is lost together with the senders polling bit.
The same retransmission issue arises when a final RLC PDU that contains a full RLC PDU is lost together with the senders polling bit as illustrated in the figure below.
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Figure 2 : Final RLC PDU that contains a full SDU is lost

The case when several RLC PDUs are transmitted at the same time is likely to happen for messages such as measurement reports.

The case when the last RLC PDU that contains a full RLC SDU at the end of a sequence of RLC PDUs is exactly similar to the previous one.
3 Proposal : Count down value
3.1 RLC Scheme
We propose to avoid this case using an extra field in the RLC-AM PDU header of SRBs, namely a “countdown value” (CV) that indicates a number of remaining RLC PDUs to send on this SRB, before their actual transmission : when a RLC PDU is received with CV > 0, the receiver is expecting CV RLC PDU(s) in the next TTI(s), with a configured tolerance margin for this SRB.
The case described in [Figure 1] is modified as depicted here :
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Figure 3 : Enhanced retransmission when the last segment of a RLC SDU is lost
When RLC PDU with SN = x + 1 is received, because it has CV = 1, the receiver is expecting RLC PDU with SN = x + 2 in the next TTI, plus the SRB tolerance margin (set to 1 in the figure). When this delay is expired, RLC receiver has detected the lost RLC PDU so it sends a STATUS PDU to trigger retransmission, even though no polling bit was received.

As well, the case described in [Figure 2] is modified as depicted here :
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Figure 4 : Enhanced retransmission when the final RLC PDU that contains a full RLC SDU is lost
When the RLC PDU with SN = x + 1 is received, because it has CV = 1, the receiver is expecting another RLC PDU in the next TTI, plus a tolerance margin (1 TTI in the figure). Thus, when RLC detects that no PDU is received after  2 TTI time, the receiver has detected a lost PDU so it sends a STATUS PDU to trigger retransmission, even though no polling bit was received, and it hasn’t received any segment of RLC SDU #n+1.  

As a consequence, in both cases, the delay due to L2 retransmission is just the tolerance margin of the round trip delay between RLC entities, which is the minimum achievable using L2 retransmission without systematic repetition.

3.2 RLC Implementation
To implement the proposed scheme, it is necessary to modify the RLC-AM header for SRBs. This would affect SRBs 2, 3 and 4. We present here two possibilities that both preserve existing RLC functionalities and do not increase RLC header size.

3.2.1 Alternative 1: reduced SN size

The RLC header of the AMD PDU for SRBs can be modified as in the figure below :
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The Sequence Number size is reduced to 10 bits, and 2 bits in Octet 1 are used for the countdown value, which ranges from 0 to 3. When RLC transmitter has more than 3 RLC PDUs left to be transmitted, it can set the countdown value to 3. 
We have identified the following impacts:

· reduced transmission window: since signalling is sporadic (few RLC SDUs at the same time), this should not really affect transmission

· ciphering: SN input for ciphering should be adapted to new SN size, with padding bits (exact solution to be determined, possibly aligned to RLC-UM case). The new solution should be checked by SA 3 from security point of view.
3.2.2 Alternative 2 : RLC extension
In this case, the countdown functionality is implemented as an extension of the RLC protocol. 
The HE fields is modified as following :
	Value
	Description

	00
	The succeeding octet contains data

	01
	The succeeding octet contains a length indicator and E bit

	10-11
	Reserved (PDUs with this coding will be discarded by this version of the protocol). The succeeding octet contains data. Alternative P bit interpretation is used in this PDU.

	11
	The succeeding octet contains a length indicator and E bit. Alternative P bit interpretation is used in this PDU.


Then the alternative P bit interpretation is :

· P bit = 0 : countdown value is 1

· P bit = 1 : countdown value is 2 or more
When normal P bit interpretation is used, loss of next PDUs cannot be detected using reception of this PDU, like in existing RLC protocol. This is equivalent to having the countdown value set to 0.

So it is not possible, in the same RLC PDU, to request a status report and to signal next PDUs to come.

However, there is an easy way to use both functionalities in the case when the next PDU should be sent with the polling bit set to 1 and there are subsequent RLC PDUs to come :

· if there only is one subsequent PDU (it would be the last in the current sequence), the countdown value is sent in the next PDU and the polling bit is sent in the subsequent PDU, thus causing a 1 TTI delay in the status report and helping detect the loss of the polling bit. See illustration below :
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· if there are more than one subsequent PDUs, the next PDU is sent with the polling bit, and the countdown value is signalled in the first subsequent PDU. See illustration below :
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3.3 Updating the countdown value

The countdown value transmitted in a sequence of PDUs can be increased as new SDUs are submitted to RLC for transmission, without causing incorrect behaviour on the RLC receiver size.

When the number of next PDUs to be sent by RLC is greater than the maximum allowed countdown value according to RLC format, this value will be repeated in successive RLC PDUs.
3.4 SRB Configuration
Support of new RLC format should be mandatory for the UE so as to allow UTRAN to choose the best possible RLC header format at RRC connection establishment.

How to configure use of existing or new RLC header format for RBs 2, 3 and 4 depends on the required flexibility. If RBs 2, 3 and 4 have different logical channel priorities, it would be useful to configure the tolerance margins per SRB, so there should be individual parameters for each RB.
In the case of handovers between Rel-7 and Rel-99/4/5/6 UTRAN, it is necessary to change the RLC header format of RLC-AM SRBs through radio bearer reconfiguration, unless Rel-7 UTRAN does not use the new RLC header format.
The effect of reconfiguration of RB 2, 3 and 4 between the existing and the new format depends on the actual format choice. If SN size is affected, is is necessary to define transition rules for the SN value. Otherwise, 
4 Conclusion

We have identified 2 cases where L2 retransmission delay is unnecessarily high on signalling RBs, which may worsen call setup delay.
We propose to add a “count down value” to RLC PDU headers on SRBs  using RLC acknowledged mode to indicate next RLC PDUs to come. This avoids waiting for expiry of periodic timers or a repetition of PDU with polling bit to detect the loss of a RLC PDU that carried the senders polling bit, so unnecessary L2 retransmission delay on SRBs is removed.

This modification is first targeted at reducing the call setup delay (faster retransmission for RRC and NAS CS signalling), but it will also be applicable to PS signalling.
Addition of this count down value does not require enlarging of RLC headers for SRBs.
If RAN2 agrees to adopt this scheme, NEC can draft CRs according to RAN2 preference regarding the new RLC header format, and a LS to SA3 if ciphering is affected.
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