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1. Introduction

At the last meeting RAN2 meeting in Shanghai, a proposal [1] to resolve the issue of Out of Order Scheduling Information at the NodeB was presented. This was not agreed, as companies felt that NodeB could unambiguously determine if a SI was out of order or not by relying on the RSN and frame.

Reviewing this issue, we agree that there is a problem from the third retransmission onwards and also in the case E-DPCCH data for the prior undecodable transmissions has been corrupted or inconsistent. 
It is proposed in this document to review when this problem will occur and the possible consequences, and to analyze the previously presented proposal. Finally it is proposed to discuss a proposed way forward, based on UE mechanisms, which would help in solving the Out of Order Scheduling Information issue. It is proposed to agree on the proposed mechanisms and incorporate them into the specifications.
2. Out of order Scheduling Information
Due to the existence of multiple HARQ processes, it is not guaranteed that SI will be decoded in order of transmission at the NodeB. Furthermore there is no sequence number sent along with the scheduling information on E-DPDCH that can be used for the purpose of re-ordering scheduling information. However a sequence number, the Retransmission Sequence Number (RSN), is associated with each HARQ transmission which is sent on the E-DPCCH, and acts as a counter. However this saturates at the value of 3, meaning that from the third retransmission, any HARQ retransmission will be associated with an RSN = 3. Therefore there is a need to be able to determine the most recent SI in case that multiple SIs have been decoded on multiple HARQ processes with RSN=3.
It is proposed to study ways to address Out of order scheduling information at the UE.

At the UE, the Scheduling Information is triggered either periodically or by event triggers as per section 11.8.1.6 in TR 25.321 v7.0.0. When triggered, UE will compile the SI report regardless of whether previous sent SI have been correctly received and acknowledge by the serving NodeB. Therefore it will occur that a UE send a new SI report, while a previous report is still being retransmitted. Therefore there is a need to either not send the SI (periodic triggering), or to delay the transmission of the new SI (event triggering) until the previous SI have been ACKed by serving NodeB.
3. Huawei proposal

At RAN2#53, Huawei presented a proposal in [1] to resolve out of order SI by using a variable which would be updated using CFN and sub-frame. This will be used by NodeB to decide if SI is new or a retransmission. 
In this paper, it is suggested that the Node-B record the transmission timing of each new transmission to enable detection and discarding of out of order SIs.  However, the Node-B cannot know that a "new" transmission includes SI unless it is received without error, therefore suppressing the problem of out of order SIs. 
Hence, in reality, the Node-B needs to work backwards to determine the original transmission time of each PDU that includes SI after it has been correctly received, i.e. in general, after some number of retransmissions. The Node-B can do this unambiguously in most cases, with the exception being a PDU received after 3 or more retransmissions and for which the E-DPCCH data for the prior undecodable transmissions has been corrupted or inconsistent.
4. UE based mechanism

As discussed in section 2, a way of solving out of order SI is to include some kind of mechanism at the UE, which will restrict the transmission of a new SI report until previous report have been received accurately by NodeB or maximum number of retransmissions have been reached.

SI reporting can be triggered either periodically or through events triggers; therefore, there is a need to treat these two triggers types differently.

Proposal 1: It is proposed that in case the Scheduling Information was triggered by periodic trigger, the UE should ignore the trigger, not compile the new Scheduling Information and therefore not send the information, if a previously transmitted SI is pending re-transmission. However the periodic trigger timer should be restarted.
Proposal 2: It is proposed that in case the Scheduling Information was triggered by event trigger, a new scheduling information report should be compiled, but this new SI report should only be transmitted when UE receive an ACK from serving radio link set for the previous SI transmitted, or when the maximum number of retransmissions have been reached for the previously sent SI.

6. Conclusion
In this contribution, we highlighted the problem which can occur with Out of order Scheduling Information from the third retransmission onwards and also in the case E-DPCCH data for the prior undecodable transmissions has been corrupted or inconsistent.

It is proposed to discuss the UE based mechanisms proposed and to include them into the specification TR 25.321, as per attached CR.
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11.8.1.6
Scheduling Information reporting

Scheduling information reports will be triggered differently depending on the value of the variable Serving_Grant after the Serving Grant Update function. The triggering of a report shall be indicated to the E-TFC selection function at the first new transmission opportunity (this process may be delayed in case the HARQ processes are occupied with re-transmissions).
Even if multiple events are triggered by the time a new transmission can take place, only a single scheduling information header will be included in the payload.
The Scheduling Information shall not be transmitted if the Total E-DCH Buffer Status is zero, even if it was triggered by one of the configured triggering mechanisms.

The transmission of Scheduling Information can take place on every HARQ process, even on those processes for which transmission is restricted according to RRC or deactivated by absolute grants, i.e. processes on which scheduled and/or non-scheduled transmission can not take place.

The description of the behaviour in the two cases is provided below.

11.8.1.6.1
Report Triggering when SG = “Zero_Grant” or all processes are deactivated

If the Serving_Grant has the value "Zero_Grant" or all processes are deactivated, and the Total E-DCH Buffer Status becomes larger than zero, the transmission of Scheduling Information shall be triggered. 

If data with higher priority than the data already in the transmission buffer arrives, the transmission of a Scheduling Information shall be triggered.
RRC can also configure MAC with periodic Scheduling Information triggering. The periodic trigger timer T_SING (Timer Scheduling Information – "Zero_Grant") shall be started once the Serving_Grant variable becomes "Zero_Grant" or all processes are deactivated and Total E-DCH Buffer Status is larger than zero.
When T_SING expires, the transmission of a Scheduling Information shall be triggered.

T_SING shall be restarted when the transmission of a Scheduling Information is triggered.
T_SING shall be stopped and reset once the Serving_Grant variable in the Serving Grant Update function takes a value other than "Zero_Grant" and at least one process is activated.

11.8.1.6.2
Report Triggering when SG <> “Zero_Grant” and at least one process is activated

If an E-DCH serving cell change occurs and if the new E-DCH serving cell was not part of the previous Serving E-DCH RLS, the transmission of a Scheduling Information shall be triggered.
RRC can configure MAC with periodic triggering also for the case when the variable Serving_Grant <> "Zero_Grant" and at least one process is activated. The periodic trigger timer T_SIG (Timer Scheduling Information – different from "Zero_Grant") can be configured to a different value than T_SING. 

T_SIG shall be started once the Serving_Grant variable becomes <> "Zero_Grant" and at least one process is activated.

When T_SIG expires, the transmission of a new Scheduling Information shall be triggered.
T_SIG shall be stopped and reset once the Serving_Grant variable in the Serving Grant Update function becomes equal to "Zero_Grant" or all processes are deactivated.
T_SIG shall be restarted when the transmission of a Scheduling Information is triggered.
Once the Serving_Grant variable in the Serving Grant Update function becomes equal to "Zero_Grant" or all processes are deactivated and Total E-DCH Buffer Status is larger than zero, the transmission of a Scheduling Information shall be triggered.

11.8.1.6.3
HARQ delivery failure for triggered Scheduling Information
If the HARQ process fails to deliver a MAC-e PDU containing a triggered Scheduling Information to the RLS containing the serving cell:

-
if the Scheduling Information was transmitted without any higher layer data multiplexed in the same MAC-e PDU:

-
no further action is required (rely on periodic triggering).

-
else (Scheduling Information was transmitted together with higher layer data multiplexed in the same MAC-e PDU):

-
the transmission of a new Scheduling Information shall be triggered.
11.8.1.6.4
Rules for transmission of triggered Scheduling Information in case previous Scheduling Information is still being transmitted

If Scheduling Information is triggered as per sections 11.8.1.6.1 and 11.8.1.6.2 while a previously triggered Scheduling Information is still being transmitted:

· -
if the scheduling Information is triggered by the periodic trigger timer T_SING or T_SIG:

· -
the periodic trigger timer shall be restarted

· -
no further action shall be taken, and the newly triggered Scheduling Information should not be compiled nor sent

· -
if the Scheduling Information is triggered by an event trigger

· -
the Scheduling Information shall be compiled and stored 

· -
when Scheduling Information have been successfully transmitted as per section 11.8.1.1.2 or when the maximum number of retransmission for the previously sent Scheduling Information have been reached

· - the stored Scheduling Information shall be sent
In the particular case where during ongoing transmission of a previously sent Scheduling Information, several subsequent Scheduling Information reports are being compiled and waiting to be transmitted, only the one reflecting the most up to date information , and therefore the latest compiled Scheduling Information, will be transmitted when the previously sent information have been successfully transmitted or when the maximum number of retransmission for the previously sent Scheduling Information have been reached.
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