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1 Introduction

In case of CCCH EUL transmission in Cell_FACH state, the SI shall only be sent when TEBS becomes 0.
The underlying assumption is that after the completion of CCCH transmission the TEBS will always be equal to 0 and that consequently the UE will be able to send a SI with TEBS=0 and release its common E-DCH resources.

There may be however cases when the TEBS is different from 0 after the completion of the CCCH transmission.

The purpose of this document is to analyze under which conditions this may happen and propose a solution in order to allow the release of the UE resources even in this case.
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. 
[…]

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).
[…]

The total E-DCH buffer status (TEBS) is defined in section 9.2.5.3.2 as follows:
-
Total E-DCH Buffer Status (TEBS):
The TEBS field identifies the total amount of data available across all logical channels for which reporting has been requested by the RRC and indicates the amount of data in number of bytes that is available for transmission and retransmission in RLC layer. If MAC-i/is is configured, it also includes the amount of data that is available for transmission in the MAC-i/is segmentation entity. When MAC is connected to an AM RLC entity, control PDUs to be transmitted and RLC PDUs outside the RLC Tx window shall also be included in the TEBS. RLC PDUs that have been transmitted but not negatively acknowledged by the peer entity shall not be included in the TEBS.

Section 11.2.2A “Control of Enhanced Uplink in CELL_FACH state and Idle mode for FDD mode” specifies that if an allocated common E-DCH resource is used for CCCH transmission, it cannot be used also for DCCH/DTCH transmission:

“The allocated common E-DCH resource shall be used by MAC to carry either only CCCH transmission or only DTCH/DCCH transmission, but not both.”
In the same section it is explained how the allocated common E-DCH resources are released in case of CCCH transmission:
-
In case of CCCH transmission, if the maximum E-DCH resource allocation for CCCH has been reached, then this triggers a CMAC-STATUS-Ind which informs the RRC about the Enhanced Uplink in CELL_FACH state and Idle mode process termination.

-
In case of CCCH transmission, if the transmission E-DCH Buffer status is 0 bytes, then the MAC-STATUS-Ind primitive indicates to RLC for each logical channel that no PDU shall be transferred to MAC. If the transmission E-DCH Buffer status is 0 bytes and no MAC-i PDUs  are left for (re-)transmission in MAC, then this triggers a CMAC-STATUS-Ind which informs the RRC about the Enhanced Uplink in CELL_FACH state and Idle mode process termination.

According to the current specification there are hence 2 ways for a UE to release its resources in case of CCCH transmission:
1. At the expiry of a timer

2. When TEBS becomes 0

TEBS is calculated taking into account all the data available at MAC and RLC layers.

In principle, there might be RLC PDUs relevant to DCCH/DTCH, ready to be transmitted, when the CCCH transmission is completed. This would make TEBS <>0, inhibiting the UE from sending the SI and releasing its common E-DCH resources.

There would be in this case 3 direct consequences:

A. The UE would have to add padding after the last MAC-is PDU. The network wouldn’t be able to understand whether the bits following the last MAC-is PDU belong to an SI or are just padding

B. The UE wouldn’t be able to trigger a CMAC-STATUS-Ind and immediately release the common E-DCH resources

C. The following DCCH/DTCH transmission (the PDUs waiting in the buffer) could only start after the release of current E-DCH resources used for CCCH, which in this case would happen after the expiry of  “Maximum E-DCH resource allocation for CCCH” timer
A situation like the one outlined above, may happen for instance in the following scenario:

I. The UE is in CELL_FACH, TEBS=0

II. A Cell Update procedure is triggered

III. The UE performs the RACH procedure and obtains a common E-DCH resource which will be used for CCCH transmission 

IV. Before building the MAC-i PDU containing the last MAC-c PDU, there is user data received from higher layers
V. The CCCH transmission is completed. TEBS is different from 0
In order to solve issue A, a possible solution would be that, even for CCCH transmission in CELL_FACH state, 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. 

Proposal 1 For FDD and for CCCH transmission In CELL_FACH 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.
In this way there wouldn’t be ambiguities for the network on whether there is an SI or padding after the last MAC-is PDU.
In order to solve issues B and C, it should be possible for the UE to release its resources as soon as the CCCH transmission is completed, regardless of whether there are MAC-d or RLC PDU’s related to DCCH/DTCH.
Proposal 2 For FDD and for CCCH transmission In CELL_FACH state, when the CCCH transmission is completed the UE shall send a SI with TEBS = 0 regardless of the actual TEBS value, and release its common E-DCH resources.
This proposal would have the advantage of solving both the resource release issues and also the uncertainty related to issue A. If the UE always triggers a SI with TEBS = 0 at the end of a CCCH transmission, there will not be possibility for the UE to send a SI with TEBS <>0. (MAC-is SDU are segmented and there is possibility to append a SI only after the last MAC-is SDU containing the last MAC-c PDU) 
3 Conclusion

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

Proposal 1
For FDD and for CCCH transmission In CELL_FACH 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.
Proposal 2
For FDD and for CCCH transmission In CELL_FACH state, when the CCCH transmission is completed the UE shall send a SI with TEBS = 0 regardless of the actual TEBS value, and release its common E-DCH resources.
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