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1
Introduction
In this contribution, we discuss different alternatives of common E-DCH resource release and present the associated interlayer procedures. Maximum common E-DCH resource allocation times and implicit common E-DCH resource release with a configurable E-DCH resource release offset period are proposed. 
2
Discussion 
Maximum common E-DCH resource allocation period:

The intention: Defining a maximum period of time, an E-DCH resource can be allocated to a UE.
Benefits to limit the common E-DCH resource allocation time are:

· in the event of an error case, when i.e. a UE does not receive a required explicit resource release message on the E-AGCH, the UE’s resource usage is limited.

· if no CCCH message size restriction is introduced, as promoted in [1], then the common E-DCH resource usage time can be adjusted dynamically to the expected CCCH message sizes. If at a later stage e.g. a combined RRC Connection Request and Initial Direct Transfer message are introduced, then this larger CCCH message can be taken care off by the UTRAN by allowing a loner maximum common E-DCH resource allocation period to UEs. 

Different maximum E-DCH resource allocation times for CCCH and DTCH/DCCH transmission may be feasible, as the expected data volume between them may differ significantly. 

Proposal:

· Introduce a maximum E-DCH resource allocation time for CCCH transmission

· Introduce a maximum E-DCH resource allocation time for DTCH/DCCH transmission

Configurable collision resolution period:

The intention: Providing the collision resolution period for DTCH/DCCH transmission as cell specific parameter in the system information.
Implicit resource release has been agreed if the UE does not receive an E-AGCH with its E-RNTI during the collision resolution period. However it was left open if the collision resolution period is a specified value or configurable parameter. 
Benefit to provide the collision resolution period configurable is:

· the radio conditions may change from cell to cell, which is known to the operator. To provide E-DCH random access with a targeted quality of service, the operator has the possibility to configure the number of retransmissions on the BCCH. If the collision resolution period is static, then a cell specific increased retransmission requirement is not considered during the collision resolution phase, resulting in an increased number of failed E-DCH random access attempts. 
Proposal:

· Introduce a configurable, cell specific collision resolution period. 
 Implicit resource release for DTCH/DCCH transmission:

The intention: the UE reports empty buffer status with SI. If the UE receives an ACK and has completed all pending retransmission, then the UE releases autonomously its E-DCH resource. 
This UE behaviour has been already agreed for CCCH transmission [see 2].  For DTCH/DCCH transmission, the UE is allowed to release of an allocated common E-DCH resource only when receiving a resource release command on the E-AGCH. In several contributions [e.g. 3, 1], implicit release for DTCH/DCCH transmission has been discussed, but no agreement has been made. 

Immeidate implicit release of a common E-DCH resource has the advantage that common E-DCH resources can be released fast, i.e. as soon as the UE has no data left for transmission. Especially if small quantities of data have to be transmitted, such as keep alive messages, the E-DCH resource release can be performed even before collision resolution. Implicit resource release thus allows reducing the E-AGCH load. 

However immediate implicit resource release is not beneficial in all cases: 

· If HSDPA transmission also takes place, then RLC acknowledgements may take place in UL direction. Keeping the common E-DCH resource allows the UE to send this uplink reports immediately without the delay of the PRACH preamble ramping phase and a UL DPCCH synchronisation phase. 

· If the UE has started fast UL data transmission of IP packets, then – depending of the source of the IP packets and the applications – several IP packets may follow each other in short time intervals. In this case it is beneficial if the UE can keep its common E-DCH resource for a short while, even if it has no data “temporarily” left for UL transmission. 

We have proposed in RAN2#61bis to introduce implicit release, linked with a configurable offset time (Tb). In this contribution, we investige the proposal further by outlining how such a mechanism could operate: 

Alternative 1: “Immediate transmission of empty buffer status report”
· When UE empties the buffer attempting to send the last data PDU the UE concatenates UL scheduling information indicating empty buffer;
· The UE should then consider the common E-DCH resources unavailable for new data with that resource; however HARQ processes are allowed to finish still using the same common E-DCH resource up to max number of (re-) transmissions.
· When the last HARQ process which as active at the time the MAC-i PDU with the empty status report was sent is acknowledged, then this triggers a offset timer (Tb) at the UE (and at the Node B).
· If new UL data is ready for UL transmission before the offset timer (Tb) is expired, then the UE starts E-DPDCH/E-DPCCH transmission. 
· If the UE receives an ACK for a new HARQ process before the offset timer (Tb) is expired, then UE stops the offset timer (Tb) and continues UL transmission.
· If the UE does not receive an ACK for a new HARQ process before the offset timer (Tb) is expired, then the UE releases its common E-DCH resource at the expiry of the offset timer (Tb). 
· If no new UL data is ready for UL transmission before the offset timer (Tb) is expired, then the UE releases its common E-DCH resource and the E-DCH random access procedure stops.

[image: image1.emf]MAC-i PDU

with SI 

(buffer empty)

UE

PDU i

PDU i+1

ACK

PDU i+1

PDU i

ACK

PDU i

Start back

offset Tb

new UL

data

PDU i+2

ACK

PDU i+2

End of offset

period

and common

resource release

if no new UL

data transission

is ACKed

Stop back

off timer Tb

Node B


If the offset timer (Tb) is set to 0, then the UE releases its common E-DCH resource immediately after the last acknowledged HARQ process, i.e. no new data is sent UL as soon as the empty buffer status report has been submitted. 
If the offset timer (Tb) is set to infinite, then the UE’s common E-DCH resource only can be released after receiving a release command on the E-AGCH. 

Note: An offset timer (Tb) could have been started at the point the TEBS = 0 byte report is sent. However in this case the offset timer has to be at least “max. number of transmission for a MAC-i PDU” x RTT. Only then, all MAC-i PDUs with a TSN equal or smaller the one used for the MAC-i PDU carrying the SI can be transmitted with the wanted QoS. However such a long offset timer may not regarded desirable. 
Alternative 2: “Transmission of the empty buffer status report after expiry of the offset time (Tb)”
· When the buffer is empty and no data has been left over in any HARQ process for (re-)transmission, then this triggers a offset timer (Tb) at the UE (and at the Node B).
· If new UL data is ready for UL transmission before the offset timer (Tb) is expired, then the UE starts E-DPDCH/E-DPCCH transmission.  
· If no new UL data is ready for UL transmission before the offset timer (Tb) is expired, then the UE transmits the empty buffer status report to the UE. The UE should then consider the common E-DCH resources unavailable for new data with that resource; however the HARQ process used for the SI (empty buffer status report) is allowed to finish still using the same common E-DCH resource up to max number of (re-) transmissions.
As soon as the MAC-i PDU carrying the empty buffer status report as been ACKed or retransmitted the maximum number of retransmissions, the UE releases the common E-DCH resource. 
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The common E-DCH resource is kept longer in the UE as in Alternative 1. The additional common resource occupation time is the average time needed to transmit a single MAC-i PDU (the MAC-i PDU carrying the SI). 
Advantage of this alternative is its reduced complexity: As soon as the MAC report the empty buffer status, no new uplink data is allowed to be transmitted on the currently allocated E-DCH resource.  
The common E-DCH resource allocation time should be kept as short as possible, as it affects the blocking and collision probabilities of the random access channel, therefore we have a preference of Alternative 1 to Alternative 2. 
Proposal:
· Implicit common E-DCH resource release shall be supported with an E-DCH resource release offset period. 
· The E-DCH resource release offset period is a configurable parameter, provided in the system information.

· The E-DCH resource release offset period shall be started when no MAC-I PDU is pending for transmission in any HARQ process.

· In the period between sending the empty buffer status report (TEBS = 0) and the start of the E-DCH resource release offset period, no new uplink data shall be transmitted on E-DPDCH, i.e. no MAC-i PDU with a TSN greater than the TSN of the MAC-i PDU containing the empty buffer status report shall be transmitted. 

HSDPA transmission is possible when a common E-DCH resource is allocated to the UE. For this case, we make following 

Proposal: 

· If HSDPA transmission took place while a common E-DCH resource is allocated to the UE, then implicit resource release shall be deactivated, i.e. the common E-DCH resource can be only released explicitly with the E-AGCH. 

3
Inter-layer communication for common E-DCH resource release 
In this section, we provide the interlayer communication needed for the common E-DCH release. Depending on the common E-DCH resource release, the corresponding communications could be added in TS25.303. 
Common E-DCH resource release because maximum resource allocation time has been reached (Proposal in this Tdoc):
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Figure xx2: Explicit common E-DCH resource release in the E-DCH enhanced random access transmission sequence (FDD)

If the maximum common E-DCH resource allocation time has been reached, a CMAC-STATUS which informs the RRC that MAC is ready to release the common E-DCH resource. The RRC uses the CMAC-CONFIG-Req primitive to request for release the common E-DCH resource, the CPHY-TrCH-Release-REQ for for releasing a transport channel and the CPHY-RL-Release-Request for releasing the radio link.
Explicit common E-DCH resource release:
The UE receives an E-AGCH with AG value set to 'INACTIVE'. Then the UE stops any E-DCH transmission. 
Explicit release is possible only after collision resolution. Explicit common resource release has been already agreed. 
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Figure xx1: Explicit common E-DCH resource release in the E-DCH enhanced random access transmission sequence (FDD)

The reception an E-AGCH with AG value set to 'INACTIVE' triggers a CMAC-STATUS which informs the RRC that MAC is ready to release the common E-DCH resource. The RRC uses the CMAC-CONFIG-Req primitive to request for release the common E-DCH resource, the CPHY-TrCH-Release-REQ for for releasing a transport channel and the CPHY-RL-Release-Request for releasing the radio link.
Implicit common E-DCH resource release for CCCH transmission:
The common E-DCH resource is released 

· after receiving an ACK for a MAC-i PDU, which was used to inform the Node B that the UE’s Total E-DCH Buffer Status (TEBS) is 0 bytes for all logical channels, or 
after transmitting the MAC-i PDU , which was used to inform the Node B that the UE’s Total E-DCH Buffer Status (TEBS) is 0 bytes for all logical channels, the maximum number of transmissions, 
and 

· after finishing all HARQ processes still using the same common E-DCH resource up to maximum number of (re-) transmissions.

[image: image5.wmf] 

UE

-

MAC

 

UE

-

PHY

 

Node B

-

PHY

 

Node B MAC

 

Uu

 

Iub

 

UE

-

RLC

 

UE

-

RRC

 

CMAC

-

STATUS

 

CPHY

-

RL

-

Release

-

REQ

 

CPHY

-

TrCH

-

Release

-

REQ

 

CMAC

-

CONFIG

-

Req

 

TEBS = 0 byte and

 

no MAC

-

i PDU waiting for

 

(re

-

)transmission

 


Figure xx3: Implicit common E-DCH resource release in the E-DCH enhanced random access transmission sequence for CCCH (FDD)

If the TEBS is 0 byte, then this information is provided to the Node B MAC with the last created MAC-i PDU during this E-DCH enhanced random access process. 

If the TEBS is 0 byte and there is no MAC-i PDU left for (re-)transmission in any HARQ process, then the CMAC-STATUS informs the RRC that MAC is ready to release the common E-DCH resource. The RRC uses the CMAC-CONFIG-Req primitive to request for release the common E-DCH resource, the CPHY-TrCH-Release-REQ for for releasing a transport channel and the CPHY-RL-Release-Request for releasing the radio link.
Implicit common E-DCH resource release for DTCH/DCCH transmission (no configurable offset time (Tb)):
Ericsson proposed in [3] to allow implicit release of a common E-DCH resource without configurable offset time (Tb), i.e. similar to the CCCH transmission, the empty buffer status is reported as SI immediately when an empty buffer status is detected. The common E-DCH resource shall be released as soon as the MAC-i PDU carrying the empty buffer status has been ACKed (or transmitted the maximum number of times) and no MAC-i PDU is left in any HARQ process for retransmission. 
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Figure xx4: Implicit common E-DCH resource release in the E-DCH enhanced random access transmission sequence for DTCH/DCCH (FDD)

If the TEBS is 0 byte, then this information is provided to the Node B MAC with the last created MAC-i PDU during this E-DCH enhanced random access process. 

If the TEBS is 0 byte, then MAC-STATUS-Ind primitive indicates to RLC for each logical channel that no PDUs shall be transferred to MAC. (This primitive may have to be sent every TTI).  
If there is no MAC-i PDU left for (re-)transmission in any HARQ process, then the CMAC-STATUS is used to inform the RRC that MAC is ready to release the common E-DCH resource. The RRC uses the CMAC-CONFIG-Req primitive to request for release the common E-DCH resource, the CPHY-TrCH-Release-REQ for for releasing a transport channel and the CPHY-RL-Release-Request for releasing the radio link. 
Implicit common E-DCH resource release for DTCH/DCCH transmission (Alternative 1 in this Tdoc):
Three cases have to be distinguished: 
· CASE 1: no new uplink data is detected after sending the empty status report. 
· CASE 2 & 3: new uplink data is detected after sending the empty status report. Then the UE starts again E-DPCCH/E-DPDCH transmission:

· if the UE then receives no ACK on the E-HICH channel before the E-DCH transmission back off time is expired, then the common E-DCH resource is released (CASE 2).

· if the UE receives the ACK on the E-HICH channel before the E-DCH transmission back off time is expired, then the common E-DCH resource is not released (CASE 3)

The three cases are presented below:

CASE 1: 
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Figure xx5A: Implicit common E-DCH resource release in the E-DCH enhanced random access transmission sequence for DTCH/DCCH (FDD)

MAC detects that TEBS is 0 byte. This is reported to the Node B MAC as SI in a MAC-i PDU. The MAC-STATUS-Ind primitive indicates to RLC for each logical channel that no PDUs shall be transferred to MAC.  
If there is no MAC-i PDU left for (re-)transmission in any HARQ process, then PHY-data-REQ primitive is used to request SDUs used for communications passed to the physical layer for “E-DCH transmission continuation back off” period. As no SDUs are left over for transmission, DPCCH will be sent only in this time period. 
At expiry of the “E-DCH transmission continuation back off” period the CMAC-STATUS informs the RRC that MAC is ready to release the common E-DCH resource. The RRC uses the CMAC-CONFIG-Req primitive to request for release the common E-DCH resource, the CPHY-TrCH-Release-REQ for for releasing a transport channel and the CPHY-RL-Release-Request for releasing the radio link.
CASE 2 and CASE 3:
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Figure xx5B: Implicit common E-DCH resource release in the E-DCH enhanced random access transmission sequence for DTCH/DCCH (FDD)

MAC detects that TEBS is 0 byte. This is reported to the Node B MAC as SI in a MAC-i PDU. The MAC-STATUS-Ind primitive indicates to RLC for each logical channel that no PDUs shall be transferred to MAC.  
If there is no MAC-i PDU left for (re-)transmission in any HARQ process, then the “E-DCH transmission continuation back off” period starts. If TEBS becomes greater than 0 byte during this period, then MAC-STATUS-Ind primitive indicates to RLC for each logical channel that the data rate whith which it may transfer to MAC (not shown in the figure). The PHY-data-REQ primitive is used to request SDUs used for communications passed to the physical layer, and DPCCH/E-DPCCH/E-DPDCH transmission starts.
CASE 2: If at expiry of the “E-DCH transmission continuation back off” period no E-HICK with ACK has been received, then the CMAC-STATUS primitive is used to inform the RRC that MAC is ready to release the common E-DCH resource. The RRC uses the CMAC-CONFIG-Req primitive to request for release the common E-DCH resource, the CPHY-TrCH-Release-REQ for for releasing a transport channel and the CPHY-RL-Release-Request for releasing the radio link.
CASE 3: If before the expiry of the “E-DCH transmission continuation back off” period at least one E-HICK with ACK has been received, then E-DCH transmission continues until either the UE starts an explicit resource release process after receiving an E-AGCH with AG value set to 'INACTIVE', or the UE starts an implicit common E-DCH resource release process when TEBS is again 0 byte. 
Implicit common E-DCH resource release for DTCH/DCCH transmission (Alternative 2 in this Tdoc):
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Figure 6xx: Implicit common E-DCH resource release in the E-DCH enhanced random access transmission sequence for DTCH/DCCH (FDD)

If the TEBS is 0 byte and there is no MAC-i PDU left for (re-)transmission in any HARQ process, the “E-DCH transmission continuation back off” period is started. The PHY-data-REQ primitive is used to request SDUs used for communications passed to the physical layer for “E-DCH transmission continuation back off” period. As no SDUs are left over for transmission, DPCCH will be sent only in this time period. 

If TEBS <> 0 byte is detected during the “E-DCH transmission continuation back off” timer is running, then the timer is stopped and uplink data transmission on the common E-DCH resource continues. 

At expiry of the “E-DCH transmission continuation back off” period the MAC-STATUS-Ind primitive indicates to RLC for each logical channel that no PDUs shall be transferred to MAC. TEBS = 0 byte is reported to the Node B MAC as SI in a MAC-i PDU. After receiving an acknowledgement for this MAC-i PDU, or after transmitting it the maximum number of transmission times, a CMAC-STATUS is used to inform the RRC that MAC is ready to release the common E-DCH resource. The RRC uses the CMAC-CONFIG-Req primitive to request for release the common E-DCH resource, the CPHY-TrCH-Release-REQ for for releasing a transport channel and the CPHY-RL-Release-Request for releasing the radio link..
4
Conclusion
In this document we discuss aspects related with the common E-DCH resource release. The main discussion focuses on the implicit resource release, were we propose to introduce implicit common E-DCH resource release shall be supported with a configurable E-DCH resource release offset period. 
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