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1 Introduction

1. In case of DCCH/DTCH EUL transmission in Cell_FACH state, during the collision resolution phase, there may be an ambiguity in the current specification on whether the bits following the MAC-i header 0 correspond to the Scheduling Information or to the MAC-i header 1, if the TEBS bits in the SI are different from 0.
2. In case of DCCH/DTCH EUL transmission in Cell_FACH state, it was agreed during RAN2#77 that the UE shall include a Scheduling Information in case there are more than 18 bits after the last MAC-is PDU.

The purpose of this document is to analyze under which conditions the first scenario may occur and propose a solution for it, as well as proposing a text change to 25.321 in order to capture the agreement described in scenario 2 above.
2 Discussion
TS 25.321 [1] specifies the conditions under which the Scheduling Information shall be triggered.
From section 11.8.1.6

[…]

In CELL_DCH state, when MAC-i is configured, if the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 18 bits, a Scheduling Information shall be concatenated into this MAC-i PDU. Otherwise a Scheduling Information is not included.

For FDD and for CCCH transmission in CELL_FACH state and Idle mode, the transmission of Scheduling Information shall only be triggered when TEBS becomes zero and the MAC-i PDU containing the last data is being transmitted.  The SI is transmitted with the MAC-i PDU carrying the last data, given the serving grant is sufficient to carry the SI with the last remaining data. Otherwise, the empty buffer status report is transmitted separately with the next MAC-i PDU. 
For FDD and for DTCH/DCCH transmission in CELL_FACH state, the transmission of Scheduling Information shall be triggered once, if the TEBS remains zero and no higher layer data remains in MAC to be transmitted for a period given by the E-DCH transmission continuation back off period unequal "infinity". For FDD and for DTCH/DCCH transmission in CELL_FACH state with E-DCH transmission continuation back off period set to "infinity" or "zero", the transmission of Scheduling Information shall be triggered each time when the TEBS becomes zero and no higher layer data remains in MAC to be transmitted after the transmission of the MAC-i PDU containing the scheduling information with the empty buffer status report. When "E-DCH transmission continuation back off" is set to "infinity", the Scheduling Information with empty buffer status report shall be transmitted with the MAC-i PDU carrying the last DCCH/DTCH data, given the serving grant is sufficient to carry the SI in the same MAC-i PDU together with the remaining DCCH/DTCH data. Otherwise, the Scheduling Information with empty buffer status report is transmitted separately with the next MAC-i PDU.
[…]

From section 9.1.5:

[…]

In case sufficient space is left in the E-DCH transport block or if Scheduling Information needs to be transmitted, an SI will be included at the end of the MAC-i PDU (see Figure 9.1.5.4a and subclause 11.9.1.5 and subclause 11.8.1.6).
[…]

Section 11.8.1.6.1 and section 11.8.6.2 describe additional cases of report triggering when SG=0 or SG too small to allow the transmission of a single PDU (covering also the periodic SI triggering for both cases).

According to the paragraphs mentioned above, the Scheduling Information shall be triggered in the following situations, in case of CELL_DCH state:
1. Enough bits in the TBS (ref. section 11.8.6 and 9.1.5)
2. When the serving grant becomes zero and TEBS is different than zero (ref. 11.8.6.1)
3. When the serving grant is zero and high priority data arrives  (ref 11.8.6.1)
4. When the serving grant is different than zero but not enough to send a PDU  (ref 11.8.6.2)
5. Periodic SI for the cases (case 2, 3 and 4 – ref 11.8.6.1 and 11.8.6.2)
In case of Enhanced Uplink in CELL_FACH, the Scheduling Information is triggered if these conditions are met:
· For CCCH transmissions the SI shall only be transmitted when TEBS becomes zero. 
This sentence explicitly excludes the triggering conditions 1 – 5 listed above. 
Technically, conditions 2 – 5 will never be met. This is due to the fact that the network must provide a default serving grant broadcasted in system information. This grant should be larger than zero and sufficient to transmit one PDU. Otherwise, it would a bad network configuration. According to 11.8.1.3 “Serving Grant Update” the Serving Grant for CCCH transmissions in CELL_FACH is based on the initial serving grant provided by higher layers and can’t be changed. As long as the network sets an Initial Serving Grant value that allows the UE to use an E-TFCI equal or larger than 1, then the UE will be able to transmit a MAC-i PDU since a MAC-is PDU can contain just a segment of a MAC-c PDU.
Condition 1 with TEBS <>0 is not technically possible either. In fact, even assuming that the UE sent a SI with TEBS<>0, the NodeB wouldn’t anyway be able to identify the UE and change the SG. This would make any transmission of SI with TEBS <> 0 meaningless.  
· For DCCH/DTCH transmissions, the SI shall be transmitted each time TEBS becomes zero. This condition does not seem to exclude any of the original triggering conditions 1 – 5. However, during contention resolution the triggering conditions 2 – 5 shall never happen. As explained before, during contention resolution, the grant should be larger than zero and sufficiently large to transmit a PDU. The Serving Grant can be changed only after the contention resolution phase. Even if the UE receives a Serving Relative Grant on the E-RGCH, the serving grant remains unchanged, as per section 9.2.5.2.1
“Relative Grants”
Condition 1 may happen. During RAN2#77, the following agreement was made in order to cover this condition: “For FDD and for DCCH/DTCH transmission In CELL_FACH state, when MAC-i is configured, if the size of the data plus header is less or equal to the TB size of the E-TFC selected by the UE minus 18 bits, a Scheduling Information shall be concatenated into this MAC-i PDU.” This agreement is not captured yet in the specs.
Conclusion: In Idle mode, or in Connected Mode during contention resolution phase, triggering conditions 2-5 should not happen
2.1 DCCH/DTCH transmission during collision resolution phase
The current specification doesn’t exclude explicitly the possibility of sending a standalone SI with TEBS<>0 (i.e. MAC-i hdr0 + SI (TEBS<>0) + padding). It is unclear, for instance, whether the following case is allowed or not: 

· TEBS becomes 0 but the SG is too small to send the SI in the same MAC-i PDU

· Before the next transmission, more data arrives, i.e. TEBS is not anymore equal to 0

It is not clear in the standard whether the UE should send in this case a SI with TEBS = 0 or with TEBS <> 0. 

As detailed in [2], should the UE send a PDU consisting of MAC-i hdr0 + SI (TEBS<>0) + padding, the network might not be able to understand whether the bits following the MAC-i hdr0 belong to the MAC-i hdr1 or to the SI.

In order to remove this ambiguity we propose the following: 
Proposal 1 In CELL_FACH state, for FDD and DCCH/DTCH transmission during the collision resolution phase, a Scheduling Information with TEBS value different from zero can only be transmitted at the end of a MAC-is SDU.
3 Text Proposal
The following change is proposed to section 11.8.1.6
[…]

In CELL_DCH state, when MAC-i is configured, and in CELL_FACH state for FDD and for DCCH/DTCH transmission, if the size of the data plus header is less than or equal to the TB size of the E-TFC selected by the UE minus 18 bits, a Scheduling Information shall be concatenated into this MAC-i PDU. Otherwise a Scheduling Information is not included.

For FDD and for CCCH transmission in CELL_FACH state and Idle mode, the transmission of Scheduling Information shall only be triggered when TEBS becomes zero and the MAC-i PDU containing the last data is being transmitted.  The SI is transmitted with the MAC-i PDU carrying the last data, given the serving grant is sufficient to carry the SI with the last remaining data. Otherwise, the empty buffer status report is transmitted separately with the next MAC-i PDU.

For FDD and for DTCH/DCCH transmission in CELL_FACH state, the transmission of Scheduling Information shall be triggered once, if the TEBS remains zero and no higher layer data remains in MAC to be transmitted for a period given by the E-DCH transmission continuation back off period unequal "infinity". For FDD and for DTCH/DCCH transmission in CELL_FACH state with E-DCH transmission continuation back off period set to "infinity" or "zero", the transmission of Scheduling Information shall be triggered each time when the TEBS becomes zero and no higher layer data remains in MAC to be transmitted after the transmission of the MAC-i PDU containing the scheduling information with the empty buffer status report. When "E-DCH transmission continuation back off" is set to "infinity", the Scheduling Information with empty buffer status report shall be transmitted with the MAC-i PDU carrying the last DCCH/DTCH data, given the serving grant is sufficient to carry the SI in the same MAC-i PDU together with the remaining DCCH/DTCH data. Otherwise, the Scheduling Information with empty buffer status report is transmitted separately with the next MAC-i PDU.
In CELL_FACH state, for FDD and DCCH/DTCH transmission during the collision resolution phase, a Scheduling Information with TEBS value different from zero can only be transmitted at the end of a MAC-is SDU.
If the Scheduling Information needs to be included in the MAC-e PDU according to subclause 9.2.4.2, it shall be transmitted regardless of TEBS status.
[…]
Proposal 2 Discuss and agree the proposed changes to 25.321 section 11.8.1.6  

4 Conclusion

Based on the discussion in section 2 and 3 we propose the following:

Proposal 1
In CELL_FACH state, for FDD and DCCH/DTCH transmission during the collision resolution phase, a Scheduling Information with TEBS value different from zero can only be transmitted at the end of a MAC-is SDU.
Proposal 2
Discuss and agree the proposed changes to 25.321 section 11.8.1.6
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