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Introduction

At RAN2 #42 and the June R6 AdHoc several aspects of the enhanced uplink (EU) MAC architecture were agreed. This document discusses alternatives based on these agreements and proposes UE and UTRAN MAC architecture for the Enhanced Uplink TS.

Discussion

In [1] section 6.1 we have specified both the UE MAC-e and Node-B MAC-e include EU scheduling functions. 

Defining EU scheduling functions in both the UE and Node-B does not clearly reflect EU operation. In [2] scheduling methods are defined. In each if these methods Node-B determines UE requirements and available resources, and then signals E-DCH transmission scheduling information to the UE. The UE then determines what will be transmitted proper data prioritization what will be transmitted within the bounds signaled by Node-B.

It is proposed that scheduling should only be specified for Node-B, and that UE operation is more clearly described as priority handling.

Also in [1] section 6.1 we have specified TFC selection is part of MAC-d, and it is FFS if MAC-e also includes TFC selection functionality. And at the R6 AdHoc we have agreed and in [3] it is indicated the UE first performs TFC selection for DCHs then with remaining estimated power E-DCH TFC selection is performed.

Numerous proposals have been submitted for specifying E-DCH TFC selection functionality in the UE. These proposals all fall into one of the flowing categories:

· Combined DCH and E-DCH TFC selection within MAC-d

· Separate TFC selection in MAC-d and MAC-e

· A new layer below MAC-d & MAC-e performing combined TFC selection

Within the MAC model functions that are unique to EU operation should be specified within MAC-e. Some these MAC functions unique to EU operation are necessary to be performed in advance of E-DCH TFC selection for proper operation.

In  [2] Node-B controlled rate scheduling by fast TFCS restriction, Node-B controlled time/rate and persistency scheduling are considered.

For fast TFCS restriction two new L1 messages are introduced:

· Rate Request (RR), sent in the uplink by the UE to the Node B. With the RR the UE can ask the Node B to change the set of the allowed uplink transport format combinations within the transport format combination set.

· Rate Grant (RG), sent in the downlink by the Node B to the UE. With RG, the Node B can change the allowed uplink transport format combinations within the transport format combination set.
For Node-B time and rate control two similar L1 messages are considered:
· Scheduling Information Update (SI), sent in the uplink by the UE to the Node B. With the SI the UE can provide the Node B buffer occupancy and rate or power information so its scheduler(s) can maintain fairness and determine the UEs TFCS indicator and appropriate transmission time interval.

· Scheduling Assignment or Grant (SA), sent in the downlink by the Node B to the UE.  With SA, the Node B can set the TFCS indicator and subsequent transmission start time(s) and time interval(s) to be used by the UE.

For fast rate scheduling by persistency control, Node-B generates parameter(s) that represent the available interference the system can tolerate and thus prevent UE’s in rate control mode to introduce additional interference.

Each of the considered rate control mechanisms requires new UE MAC functionality that is necessary to be performed in advance of TFC selection. It is therefore proposed that a Rate Request / Assignment function is incorporated in the UE MAC architecture. This function generates EU rate requests and processes rate and/or time scheduling (FFS) received from UTRAN. Rate requests are determined from RLC data TVM and data waiting for transmission within active HARQ processes. Received scheduling information determines the restricted E-DCH TFCS, start time and duration (FFS).

Once the rate assignment/grant (or persistency) has been processed by the UE it is necessary to perform priority handling for new transmissions requiring TFC selection and existing transmissions assigned to HARQ processes that have not yet received successful acknowledgement from UTRAN. It is proposed a Priority Handling function is incorporated within the UE MAC architecture. This function manages assignment of data flows and HARQ processes according to their priority. Based on status reports from associated downlink signaling, either a new or transmission or retransmission is determined. A new transmission can be initiated instead of a pending retransmission at any time to support priority handling.

A EU TFC selection (or it’s equivalent) entity should be specified within the UE MAC-e. The Rate Request / Assignment function utilizing associated uplink and downlink signaling, and a Priority Handling function are fundamental to EU operation and should be incorporated within the logical model in advance of EU TFC selection. Since these functions are unique to EU, incorporating these entities within MAC-d would not be appropriate. It is proposed for proper functional partitioning these elements including TFC Selection are incorporated within the UE MAC-e. A new layer below MAC-d and MAC-e could also be considered, but since DCH 1st / E-DCH 2nd was agreed at the R6 AdHoc it is not necessary to effect existing the existing MAC-d model.

In [1] for Node-B we have specified the MAC-e comprises HARQ transmissions handling, Scheduling, and MAC-e de-multiplexing

Node-B MAC-e includes scheduling without priority handling. Priority of individual transmissions is known to the UE, but this is not known to Node-B, and a complex signaling method would be required for Node-B control of transmission prioritization. The Node-B MAC-e operation is therefore different from Node-B MAC-hs where scheduling and priority handling are specified. For enhanced uplink priority handling should be specified in the UE and Node-B includes scheduling without priority handling.

MAC-e provides E-DCH de-multiplexing to MAC-d PDU’s. Since reordering is located within the RNC, Node-B de-multiplexing implies that reordering will be on a MAC-d or RLC PDU basis, and not on a MAC-e PDU basis as in HSDPA. 

In [1] for the SRNC we have specified reordering for in sequence delivery is provided “to handle combining of data from different Node-Bs in case of soft handover”.

The text specified in [1] implies that SRNC reordering is only applied/needed in the case of soft handover. For the inter-Node-B hard handover (HHO) case, SRNC reordering also offers an improvement in enhanced uplink operation. In this HHO case upon the E-DCH serving cell change if reordering is not performed in the RNC, the reordering queue(s) will need to be reset (flushed) in the source Node-B, and initialized in the target Node-B. This operation will often result in out of sequence delivery to RLC. It is therefore proposed to remove the soft handover condition.       

At the R6 AdHoc we have agreed and in [3] it is indicated MAC-d multiplexing is supported, multiple MAC-d flows can be configured in one UE, and different QoS characteristics can be associated to the MAC-d flows.

- - - Text Proposal to 25.309 v0.1.0 - - - 

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) is added in the UE located below MAC-d. MAC-e in the UE handles HARQ retransmissions, priority handling,  and MAC-e multiplexing. 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 demultiplexing.

S-RNC

A new functionality is added in MAC entity in the SRNC to provide in-sequence delivery (reordering) and to handle combining of data from different Node Bs.

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;

· A 10 ms TTI shall be supported. It is FFS whether a 2ms TTI is also supported.

6.3    Basic physical structure

6.3.1  UL Physical layer model

6.3.2
 DL Physical layer model

7      MAC architecture

7.1    MAC architecture – UE side

7.1.1
 Overall architecture

Overall UE MAC architecture including a new enhanced uplink MAC-e entity is shown in figure 7.1.1-1. The architecture is modified with a new link between MAC-e and MAC-d, and a new link between MAC-e and the MAC Control SAP. 
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Figure 7.1.1-1: UE side MAC architecture

7.1.2
 Details of MAC-d

A connection to the MAC-e entity has been added to MAC-d. This connection is used to transfer data to the MAC-e for transmission on the E-DCH.
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Figure 7.1.2-1: UE side MAC architecture / MAC-d details
7.1.3
 Details of MAC-c/sh

No changes are required to the UE MAC-c/sh for support of E-DCH.
7.1.4
 Details of MAC-hs

No changes are required to the UE MAC-hs for support of E-DCH.
7.1.5
 Details of MAC-e

The MAC-e handles HSUPA specific functions. In the model below, the MAC-e comprises the following entities:

· Rate Request / Assignment:

This function generates EU rate requests and processes rate and/or time scheduling (FFS) received from UTRAN. Rate requests are determined from RLC data TVM and data awaiting retransmission within active H-ARQ processes. Received scheduling information determines the E-DCH TFC restriction, start time and duration (FFS).
· Priority Handling:
This function manages assignment of data flows and H-ARQ processes according to their priority. Based on status reports from associated downlink signaling, either a new transmission or retransmission is determined. A new transmission can be initiated instead of a pending retransmission at any time to support priority handling.  
· TFC Selection:
This function performs selection of transport format combination for the data to be transmitted on E-DCH. Selection is subject to transmit power, and TFC restriction identified in the scheduling assignment or persistency available interference indication (FFS) received from Node-B. The TFC selection entity provides multiplexing of MAC-d PDU’s onto the E-DCH.
· HARQ Entity:

The HARQ entity supports multiple instances (H-ARQ processes) of the HARQ protocol. There are several HARQ processes for EU configured at the UE. The HARQ functional entity handles all the tasks that are required for hybrid ARQ.
The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives.
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Figure 7.1.5-1: UE side MAC architecture / MAC-e details
7.2    MAC architecture – UTRAN side

7.2.1
 Overall architecture

Overall UTRAN MAC architecture including a new enhanced uplink MAC-e entity is shown in figure 7.2.1-1. The MAC-e is located in the Node B.
The MAC-d PDUs to be transmitted are transferred from MAC-c/sh to the MAC-hs via the Iub interface in case of configuration with MAC-c/sh, or from the MAC-d via Iur/Iub in case of configuration without MAC-c/sh.
The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives.
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Figure 7.2.1-1: UTRAN side MAC architecture
7.2.1.1 Reordering entity

The reordering entity is located within the RNC. This entity reorders received MAC-d or RLC PDU’s (FFS) according to the received sequence number. 
7.2.2
 Details of MAC-d

For support of E-DCH a new MAC-d flow to MAC-e is added. 
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Figure 7.2.2-1: UTRAN side MAC architecture / MAC-d details
7.2.3
 Details of MAC-c/sh

No changes are required to the UE MAC-c/sh for support of E-DCH.
7.2.4
 Details of MAC-hs

No changes are required to the UE MAC-hs for support of E-DCH.
7.2.5
 Details of MAC-e
The MAC-e handles HSUPA specific functions. In the model below, the MAC-e comprises the following entities:

· Scheduling:
This function manages E-DCH resources between HARQ entities. Based on rate requests from associated uplink signaling, scheduling assignments are determined and transmitted on associated downlink signaling. Scheduling messages indicate the set of TFCs from which the UE may choose a suitable TFC (FFS).  
· De-multiplexing:
This function provides de-multiplexing of MAC-e PDUs. MAC-d PDUs are forwarded to the associated MAC-d flow.
· HARQ:
One HARQ entity is capable of supporting multiple instances (HARQ process) of stop and wait HARQ protocols. Each process is responsible for generating ACKs or NACKs indicating delivery status of E-DCH transmissions. The HARQ entity handles all tasks that are required for the HARQ protocol.
The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives.
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Figure 7.2.5-1: UTRAN side MAC architecture / MAC-e details
- - - End of Text Proposal to 25.309 - - - 

Conclusion and Proposal

UE and UTRAN MAC functionality for support of  E-DCH has been reviewed. For a clear description and proper operation of the EU MAC the following updates are proposed to the EU TS:

· TFC Selection for EU (or it’s equivalent) is within the UE MAC-e (not MAC-d)

· The scheduling function is only specified in the Node-B MAC-e. The scheduling function specified in the UE MAC-e is removed, and a rate request / assignment and priority handling functions are added. 

· It is clarified that Node-B de-multiplexing results in MAC-d or RLC PDU reordering, and that SRNC reordering is applied even when not in inter-Node-B soft handover.

These changes are reflected in the text proposal to 25.309.

[1] TS 25.309 v0.1.0 FDD Enhanced Uplink Overall Description; Stage 2 

[2] TR 25.896 v6.0.0 Feasibility Study for Enhanced Uplink for UTRA FDD

[3] R2-041409 Draft update to 25.309 v0.2.0 from R6 AdHoc
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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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