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1 Introduction

Common E-DCH is introduced in Rel8 for uplink data transmission. And TSN is used for re-ordering in MAC-i/is entity to keep the data packets delivered in sequence. However, the value of TSN may be different in UE and RNC, which will lead to unnecessary transmission delay. In this contribution, we will analyze the problem and provide the possible solutions. 
2 Discussion
2.1 Background
Common E-DCH resource is used for uplink data transmission for UE in CELL_FACH state and idle mode. It is usually used for small volume data transmission. After the data transmission, the UE will release the common E-DCH resource. In the next interval for data transmission, the UE will perform random access for common E-DCH resource again.
It is specified in [1] that:

For FDD, whenever the variable COMMON_E_DCH_TRANSMISSION is set to TRUE, the UE shall:

1>
perform uplink DPCCH transmission; 

1>
if a CCCH message is submitted for transmission on the uplink:

2>
no E-AGCH and E-RGCH reception procedure is performed in the physical layer.

1>
if a DCCH and/or DTCH message is submitted for transmission on the uplink; or

1>
for NodeB triggered HS-DPCCH transmission:

2>
use the value stored in the variable E_RNTI as UE identity in the E-AGCH reception procedure in the physical layer; 

2>
perform E-RGCH reception procedure for the serving radio link if an E-RGCH configuration has been provided with the common E-DCH resource.

2>
if variable READY_FOR_COMMON_ERGCH is set to TRUE: 

3>
determine up to three common E-DCH RL(s) using the procedure specified in subclause 14.1.7 and perform E-RGCH reception on those radio links according to the performance requirements as specified in [19].

1>
perform E-HICH reception procedures for the serving E-DCH radio link;

1>
perform E-DPCCH transmission procedures for the serving E-DCH radio link;

1>
perform E-DPDCH transmission procedures for the serving E-DCH radio link;

1>
perform the inclusion of MAC-d PDUs or MAC-c PDUs in a MAC-i PDU for logical channels belonging to the MAC-d or MAC-c flows in accordance with the serving grant (see [15]); 

1>
if the transmission is a result of receiving an HS-SCCH order for NodeB triggered HS-DPCCH transmission:

2>
at the allowed start time of the E-DCH transmission, provide ACK/NACK feedback in accordance with [29] in the physical layer on the serving HS-DSCH radio link, using the information in the IE "Uplink DPCH power control info";

2>
at the allowed start time of the E-DCH transmission, use the information for the channel quality indication (CQI) procedure in the physical layer on the serving HS-DSCH radio link, to provide feedback using the information in the IE "Measurement Feedback Info".

1>
else:

2>
if transmitting DCCH or DTCH data:

3>
if IE "ACK/NACK support on HS-DPCCH" is set to TRUE:

4>
after collision resolution provide ACK/NACK feedback in accordance with [29] in the physical layer on the serving HS-DSCH radio link, using the information in the IE "Uplink DPCH power control info";

4>
after collision resolution use the information for the channel quality indication (CQI) procedure in the physical layer on the serving HS-DSCH radio link if the IE "Measurement Feedback Info" has been provided with the common E-DCH resource.

1>
if the UE received the "Enhanced Uplink in CELL_FACH and Idle mode process termination" by MAC with the CMAC-STATUS primitive; or
1>
if the UE according to subclause 8.5.4A failed to establish the physical channels; or

1>
if the criteria for radio link failure are met as specified in subclause 8.5.6:

2>
set the variable COMMON_E_DCH_TRANSMISSION to FALSE;

2>
stop any E-AGCH, E-RGCH and E-HICH reception procedures;

2>
stop any E-DPCCH and E-DPDCH transmission procedures;

2>
act as if the IE "MAC-es/e reset indicator" was received and set to TRUE;
2>
release all E-DCH HARQ resources;

2>
no longer consider any radio link to be the serving E-DCH radio link;

2>
if variable READY_FOR_COMMON_ERGCH is set to TRUE:

3>
not consider any radio link to be a Common E-RGCH radio link.
This means that the UE will always reset MAC-is and set TSN for all the logical channels mapped to E-DCH to zero while the common E-DCH resource releases. 
2.2 Problem
From the UE side, after it releases the common E-DCH resource and has uplink data packets for transmission again, the UE will compete for common E-DCH resource, and the TSN in the first MAC-is PDU is zero. The process is presented in Figure 1 below. The UE releases the common E-DCH resource when get into the Nth access and set TSN to zero. In the (N+1)th access, the TSN in the first MAC-is PDU will be zero as well.
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Figure 1: TSN processing in the UE side
From the RNC side, for example, the expected TSN should be 15, but the RNC is not aware that the common E-DCH resource has been released and TSN has been set to zero. After receiving the data packets, the RNC will wait for T1 expiry which leads to data transmission delay.

According to the analysis above, it can be seen that the TSN becomes inconsistent between RNC and UE. This will lead to un-necessary latency in data transmission which has been detailed explained in [2].
2.3 Possible Solutions
2.3.1 Resource acquisition info in E-DCH DATA FRAME
As the Node B can identify the common E-DCH acquisition every time, it was proposed to introduce an acquisition indicator (AI) to the E-DCH DATA FRAME in [3]. The 4bits AI stands for the access times of the UE in the cell, which will enable the RNC to distinguish a new common E-DCH resource acquisition. 
Based on the current specification, the Node B does not need to maintain any UE level info. With the introduction of AI in the E-DCH DATA FRAME, the Node B needs the extra efforts to record the access times of every common E-DCH capable UE in CELL_FACH state. It will impact the current Node B implementation, and more consideration needs to be taken for the Node B buffer.
To achieve the simpler implementation, the resource level acquisition info can be introduced in the E-DCH DATA FRAME. The acquisition info includes common E-DCH resource index and the times of the indicated common E-DCH resource usage. 
On receiving the E-DCH DATA FRAME, the RNC will reset MAC-is and the expected TSN will be set to zero if the acquisition info is different with the stored one. 
2.3.2 Resource release info in E-DCH DATA FRAME
In this solution, a resource release indicator shall be sent to the RNC when Node B detects the common E-DCH resource release of the UE. On receiving the release indicator, the RNC will reset the corresponding MAC-is entity and set the TSN to zero.
For implicit resource release, the Node B can only get the resource release info when receives SI=0, which means there will be no uplink data packets for transmission. In this case, the resource release indicator can be carried in an E-DCH DATA FRAME without data packets. On receiving the empty E-DCH DATA FRAME, the RNC will set the expected TSN to zero.
For explicit resource release, the Node B can decide the timing to release resource and the resource release indicator can be added in the last E-DCH DATA FRAME for this UE.

Considering that the E-DCH DATA FRAME might be lost, the Node B should send the E-DCH DATA FRAME more than once. In this case, the resource release indicator in the last data packet is not reasonable and the resource release indicator in the standalone E-DCH DATA FRAME without data packets could be a better solution.

Compared with solution 1 in chapter 2.3.1, this solution has less impact to the NodeB implementation and specification. However, in solution 1 the E-DCH DATA FRAME does not need to be sent more than once to ensure the reliability for the receiving side. Therefore, we slightly prefer Solution 1 in chapter 2.3.2.
Proposal: It is proposed to select Solution 1 of resource release info in E-DCH DATA FRAME to solve the TSN reset problem.
3 Conclusion
In this contribution, the TSN inconsistency between RNC and UE is analyzed and two solutions are presented. It is proposed for RAN3 to adopt Solution 1 to solve the issue. And the possible changes are followed as reference.
Proposal: It is proposed to adopt Solution 1 of resource acquisition info in E-DCH DATA FRAME to solve the TSN reset problem.
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6.2.6B
E-DCH Channels for CELL_FACH and Idle[FDD and 1.28Mcps TDD]
The structure of the E-DCH DATA FRAME is shown in Figure 21D. This frame structure is used for carrying MAC-is PDUs in Cell_FACH and Idle UE state (TS 25.321 [9]) for one UE.
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Figure 21D: E-DCH DATA FRAME structure

For the description of the fields see subclause 6.2.7.

The Payload CRC IE is optional in frames that contain a Payload, i.e. the whole 2 bytes field may or may not be present in the frame structure (this is defined at the setup of the transport bearer). The Payload CRC IE may only be present if the E-DCH DATA FRAME contains payload. 
[1.28Mcps TDD - Bit 0 of New IE Flags in E-DCH DATA FRAME indicates if the Cell Portion LCR ID IE is present (1) or not present (0).] 

[1.28Mcps TDD - Bit 1 of New IE Flags in E-DCH DATA FRAME indicates if AOA IE is present (1) or not present (0)]
[1.28Mcps TDD - Bit 2 of New IE Flags in E-DCH DATA FRAME indicates if Ext Received SYNC UL Timing Deviation IE is present (1) or not present (0)]

[1.28Mcps TDD – Bits 2 through 6 of New IE Flags in E-DCH DATA FRAME shall be set to 0.]

[FDD – Bit 1 of New IE Flags IE in E-DCH DATA FRAME indicates if Acquisition Indicator IE and Common E-DCH Resource Index IE are present (1) or not present(0)]

 [FDD - Bits 0 and 2 through 6 of New IE Flags IE in E-DCH DATA FRAME shall be set to 0.]

[FDD - Field length of Spare Extension IE in E-DCH DATA FRAME is 0-28 octets.]

6.2.7.56
Enhanced HS-SCCH support indicator (EI) [FDD]

Description: Indicates whether the UE in Cell_FACH state supports enhanced different HS-SCCHs in consecutive TTIs support or not.
Value range: {0 = Enhanced different HS-SCCHs in consecutive TTIs not supported, 1= Enhanced different HS-SCCHs in consecutive TTIs supported}.

Field length: 1 bit.

6.2.7.xx
Acquisition Indicator (AI) [FDD]

Description: Indicates the times of the related common E-DCH resource have been used. The value is incremented each time the Node B detects that a new acquisition has been performed for the related Common E-DCH Resource Index. 
Value range:
0-7
indicated the Acquisition Indicator.
Granularity: 1.

Field length: 3 bits.
6.2.7.yy
Common E-DCH Resource Index [FDD]
Description: Indicated the common E-DCH resource in use. The value is the index of the Common E-DCH Resource as defined in TS 25.331[8] and TS 25.433[6]. 
Value range:
0-31
indicated Common E-DCH Resource index.
Granularity: 1.

Field length: 5 bits.
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