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Introduction

The document contains discussion of the architectural changes of MAC layer for E-DCH and a text proposal for TS 25.309.

For the E-DCH new entities are required to handle new functionality. 

From the protocol layer aspects, only the MAC layer is affected. 

The main new functionality will be priority handling and HARQ, which will be located in the UE and the NodeB and therefore a new MAC-e entity is introduced to support this.

Since the E-DCH is a dedicated channel, it is proposed to have one MAC-e entity in each UE and one corresponding MAC-e entity in the NodeB for each UE. In case of softer HO, soft combining at the physical layer will be performed before data are passed to the HARQ in the MAC-e entity.

Some remaining functionality (e.g. reordering/duplication detection), which is not covered in the NodeB, requires an extension to the MAC-e entity in the SRNC and is introduced as MAC-es. It is proposed to have one MAC-es in the SRNC for each UE.

Further discussion is included in text proposal.

The intention of the proposal is to point at a more specific view as a way forward, which may be discussed as an alternative to other views. It is not intentioned to reflect the most general view in all points. 

Please find below a text proposal to TS 25.309 - The indicated discussion parts are for clarification only and are not part of the proposal itself.

--------------------- Start of text proposal --------------------------------------

6
Overall architecture of enhanced uplink DCH

6.1
Protocol architecture

The following modifications to the existing nodes are needed to support enhanced uplink DCH:

UE

A new MAC entity (MAC-e/es) is added in the UE located below MAC-d. MAC-e/es in the UE handles support of re-ordering and combining of data, HARQ retransmissions, scheduling, TF selection for E-DCH and MAC-e multiplexing. TFC selection is part of MAC-d. It is FFS if MAC-e also includes TFC selection functionality.

Node B

A new MAC entity (MAC-e) is added in Node B, which handles HARQ retransmissions, scheduling and MAC-e de-multiplexing.

S-RNC

A new MAC entity (MAC-es) is added in the SRNC below MAC-d to provide in-sequence delivery (reordering) and to handle combining of data from different Node Bs.
Iub/Iur

A new transport protocol (EDCH FP) is added on Iub/Iur interface. EDCH FP handles the transport between MAC-e in the Node B and MAC-es in the SRNC.
The resulting protocol architecture is shown in Figure 6.1-1:
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Figure 6.1-1: Protocol Architecture of E-DCH

6.2
Transport channel attributes

The E-DCH transport channel has the following characteristics:

-
E-DCH and DCH are using separate CCTrCHs

-
There is only one CCTrCH of E-DCH type per UE;

-
There is only one E-DCH per CCTrCH of E-DCH type;

-
There is only one transport block per TTI;

-
 Both 2 ms TTI and 10 ms TTI are supported by the E-DCH. The support of 10 ms TTI is mandatory for all UEs. The support of 2 ms by the UEs is FFS (always optional or mandatory for high UE categories).

6.3
Basic physical structure

6.3.1
UL Physical layer model

6.3.2
DL Physical layer model

7
MAC architecture

7.1
General Principle

7.1.1
MAC multiplexing

The E-DCH MAC multiplexing has the following characteristics:

· MAC-d multiplexing is supported;

· Multiple MAC-d flows can be configured for one UE;

· Different QoS characteristics can be associated to the MAC-d flows. Based on them, the MAC-e entity in the UE decides on the HARQ operation parameters (Beta factors, etc). For each transmission, the MAC-e entity gives the HARQ operation parameters to the L1 in addition to the TFRC;

· The design goal is to allow and define rules for the multiplexing of data from different MAC-d flows within the same MAC-e PDU. Details are FFS.

7.1.2
Reordering entity

The re-ordering entity is in a separate MAC sub-layer in the UE and the SRNC. The assumption is that the re-ordering is done per MAC-d flow or MAC-d sub flow and that the entity is located just below MAC-d. 
7.2
MAC architecture – UE side

7.2.1
Overall architecture

Discussion:

The MAC-e performing the E-DCH functions is connected to the MAC-d.

Some additions to the MAC-d may be necessary for E-DCH.
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7.2.2
Details of MAC-d

Discussion:

The MAC-d forwards the MAC-d PDUs from the related RLCs to the MAC-e.  

Since MAC-d multiplexing is supported by E-DCH, two paths are foreseen from Transport Channel Type Switching entity to the MAC-e:

A direct path and 

a path via C/T MUX entity.

The forwarding path is called MAC-d flow. In case of MAC-d multiplexing, a MAC-d flow consists of MAC-d subflows. In this case each subflow represents a multiplexed logical channel.

MAC ciphering is not relevant for the E-DCH as transparent mode is not supported.

Priority Setting: In this paper, the TF selection for E-DCH is seen in MAC-e as a slave entity of the DCH TFC selection in MAC-d. Therefore it is necessary, that the MAC-d passes priority information for the MAC-d flows and also information of the selected DCH TFC to the MAC-e TF selection. 

There could be benefit of passing further information to MAC-e to support efficient scheduling; e.g. a predicted TFC.

The MAC-d delivers MAC-d PDUs to MAC-e via MAC-d flows.

Each MAC-d flow can contain either a single logical channel or MAC-d sub flows based on multiplexed logical channels. 

The Priority setting passes the channel priorities to the MAC-e based on logical channel priorities and logical channel buffer status FFS.
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7.2.3
Details of MAC-c/sh
No changes to MAC-c/sh.
7.2.4
Details of MAC-hs
No changes to MAC-hs.
7.2.5
Details of MAC-e/es
Discussion:

One E-DCH supported in the UE, therefore it is proposed to have one MAC-e in the UE. 

Queue Buffer: To have instant access of TF-selection to PDUs of a MAC-d flow, a buffer for each MAC-d flow is foreseen. The size of the buffer is equal to that of the maximum size transport block configured for this MAC-d flow times the number of HARQ processes. It is not really a big queue, because then it could interfere with RLC discard/retransmission procedures. The PDUs taken from the buffer are kept in the buffer until their reception in the node B was positively acknowledged by means of HARQ or until they are discarded by any other means. The buffer would allow rescheduling of PDUs of an aborted HARQ process.

TSN sequencing: The TSN entity provides a sequence number for every larger unit of MAC-d PDUs taken from the Queue buffer and passed to a HARQ process. This TSN is also linked and stored to the MAC-d PDUs in the Queue buffer. It can be reused used, if the HARQ process was aborted before successful transmission.

MAC-e TF selection: The TFC selection mechanism should take into account priority information and TF selection information from the DCH TFC selection and scheduling information received from the scheduling node B. 
In case of MAC-e multiplexing it assembles larger units from different MAC-d flows to one MAC-e PDU.

HARQ processes: The HARQ processes perform the HARQ protocol. The detailed HARQ procedure is [ffs].

Process priority handling: The Process priority handling is controlled by MAC-d flow priorities currently handled in the HARQ processes. It may schedule or in case of pre-emption abort processes and reschedule them with higher priority data. How it is done, is FFS. 

UL/DL HARQ Scheduling Signalling: The UL/DL HARQ Scheduling Signalling transmits and receives HARQ and Scheduling related information on physical layer, both in band and outband. It may also provide measurements to higher layers [ffs]

There is one MAC-e/es in the UE

For each MAC-d flow or MAC-d sub flow in case of MAC multiplexing, a queue buffer is used for storing MAC-e/es SDUs until they are successfully transmitted or discarded. The buffer should not be larger than the largest possible transmit unit (e. g. transport block) for a MAC-d flow/sub flow, otherwise it could interfere with RLC discard/retransmission procedures. The main purpose of the buffer is to keep the data in case a related HARQ process is aborted in case of pre-emption and transmission of the data should be resumed later on again.

The MAC-e TF selection/MAC-e multiplexing function is jointly controlled by the priorities assigned to MAC-d flows/sub flows and by the NodeB scheduling commands. It is FFS, if it could work either independently on a certain amount of power reserved for the E-DCH or get information from the MAC-d TF selection for joint power management.

The TSN sequencing inserts a TSN for each MAC-d flow/sub flow for each transmitted MAC-e PDU to support TSN based reordering/duplication detection in the SRNC.

The HARQ processes perform the HARQ protocol.

The Process priority handling is controlled by MAC-d flow/sub flow priorities currently handled in the HARQ processes. It may schedule or in case of pre-emption, abort processes and reschedule them with higher priority data. The detailed procedure is FFS.

The UL/DL HARQ Scheduling Signalling transmits and receives HARQ and Scheduling related information on physical layer, both in band and out band. It may also provide measurements to higher layers (FFS). 
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7.3
MAC architecture – UTRAN side

7.3.1
Overall architecture

Discussion:

In the UTRAN the MAC entity for E-DCH is proposed to be split into 2 parts:

The MAC-e performing the main functions is located in the Node B and is connected to the MAC-es over the Iub/Iur interface. 

The MAC-es performing supplementary functions for support of SHO is located in the S-RNC and is connected to the MAC-d.
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7.3.2
Details of MAC-d

Discussion:

The MAC-d forwards the reordered MAC-d PDUs to the related RLCs. 

Since logical channel multiplexing is supported by E-DCH, two paths are foreseen from the reordering function in MAC-es to the Transport Channel Type Switching entity in the MAC-d:

A direct path and 

a path via C/T MUX entity. 

The MAC-d in UTRAN receives the MAC-d flows from the MAC-es. 

A MAC-d flow can contain either MAC-d PDUs of a single logical channel or MAC-d PDUs of multiplexed logical channels. 
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7.3.3
Details of MAC-c/sh
No changes to MAC-c/sh.
7.3.4
Details of MAC-hs
No changes to MAC-hs.
7.3.5
Details of MAC-es

Discussion:

Macro diversity combining/TSN based reordering/duplication detection: In case of soft HO the MAC-d flows/subflows delivered form the node Bs in the active set may have properties, which are different to the Rel-5 DCH flows and require new functionality in the S-RNC:

MAC-d PDUs of a MAC-d flow/subflow, coming from different node Bs in the active set may arrive in an arbitrary order in the SRNC

Caused by Layer 1 signalling errors, duplicate PDUs might arrive on a MAC-d flow.

 PDUs may arrive in parallel from one or more node Bs.

Therefore a combining, duplication detection and reordering function for each MAC-d flow/sub flow based on sequence numbers inserted in the UE MAC-e is foreseen in the S-RNC as a supplementary entity to the MAC-e in the node B.     

MAC-es is a supplementary entity in the S-RNC, which performs the MAC-e functions required in the S-RNC. There is one MAC-es in the S-RNC per UE.

Macro Diversity Combining is applicable in case of SHO. The detailed functionality is FFS. 

The TSN based reordering is applicable to a MAC-d flow or MAC-d sub flow in case of MAC-d multiplexing. The reordering and duplication detection is based on the TSN, which is stripped from the MAC-d flow, before passing it to the MAC-d. The detailed procedure is FFS. 
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7.3.6
Details of MAC-e

Discussion:

Since the E-DCH is a dedicated channel, it is proposed to have one MAC-e in the Node B per UE. 

In case of softer HO, soft combining at the physical layer will be performed before data are passed to the MAC-e.

HARQ: The HARQ entity performs reception of data in cooperation with the HARQ entity in the UE. The detailed procedure depends on the method adopted for HARQ and is [ffs].

MAC-e flow de-multiplexing: The de-multiplexing of the MAC-e flow to MAC-es flows is done in the Node B to have the option of applying different characteristics (in case of AAL2 different link characteristics and/or path types) to the Iub/Iur transport bearer derived from QoS parameters of a MAC-d flow. It is proposed to adopt this solution for the MAC-e, because the alternative solution to carry a single MAC-e flow over the Iub/Iur and to have the de-multiplexing function in the SRNC would not provide this flexibility.

UL/DL HARQ Scheduling Signalling: Only the signalling function for scheduling and HARA protocol is seen as part of the MAC-e, the scheduling function itself is seen out of scope of the MAC-e. 

There is one MAC-e in the Node B per UE. 

The HARQ unit performs reception of data in cooperation with the HARQ unit in the UE. The detailed functionality is FFS.

The MAC-e flow de-multiplexing function splits the MAC-e flow to separate MAC-es flows.

The UL/DL HARQ Scheduling Signalling transmits and receives HARQ and scheduling related information on physical layer, both in band and out of band. It may also provide measurements to higher layers FFS. 

Note: The scheduler itself is out of the scope of the MAC-e.


[image: image9.wmf] 

MAC

-

es Flow

 

MAC

-

e

 

 

MAC

-

Control

 

 

E

-

DCH

 

UL/DL

 

HARQ/Scheduling

 

Signalling

 

 

HARQ

 

Associated Downlink 

Signalling

 

Associated Uplink 

Signalling

 

MAC

-

e flow de

-

multiplexing

 

MAC

-

es Flow

 


3GPP


_1157955500.doc


MAC-d







DCH







DCH







DSCH







DTCH







DTCH







DCCH







SHCCH



      TDD only







RACH







FACH







PCCH







USCH



TDD only







MAC-c/sh







MAC Control







Iur or local







  MAC Control







MAC-hs







DSCH







CPCH



FDD only







CCCH







CTCH







BCCH







FACH







PCH







USCH



TDD only







Iub







MAC Control







Associated Downlink Signalling







Associated Uplink Signalling







HS-DSCH







HS-DSCH







Configuration�without MAC-c/sh







Configuration�with MAC-c/sh







Configuration�with MAC-c/sh







MAC-es







Associated Downlink Signalling







Associated Uplink Signalling











E-DCH







MAC Control







MAC-e












_1157958339.doc
[image: image1.wmf] 


DCCH


 


DTCH


 


DTCH


 


DCH


 


DCH


 


 


MAC


-


d


 


to MAC


-


c/sh


 


Ciphering 


 


MAC Control


 


UL: TFC selection


 


C/T MUX


 


C/T


 


 MUX


 


Deciphering 


 


Channel switching


 


[image: image2.wmf] 


DCCH


 


DTCH


 


DTCH


 


DCH


 


DCH


 


 


MAC


-


d


 


to MAC


-


c/sh


 


Ciphering 


 


MAC Control


 


UL: TFC selection


 


C/T MUX


 


C/T


 


 MUX


 


Deciphering 


 


Channel switching


 




Note 1: For DCH and DSCH different scheduling mechanism apply



Note 2: Ciphering is performed in MAC-d only for transparent RLC mode



















UL: TFC selection















Priority Setting























To/from MAC-c/sh







Ciphering 















 MAC-d











C/T MUX







DCH�EMBED Word.Picture.8���



Figure 4.2.3.2.1: UE side MAC architecture / MAC-d details
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Figure 4.2.3.2.1: UE side MAC architecture / MAC-d details
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