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Discussion and Decission
In this document, we make a short high layer analysis of UL dual carrier on the MAC architecture and the MAC specifications. 

Two MAC entities support E-DCH transmission: MAC-i/is, MAC-i & MAC-is and MAC-e/es, MAC-e & MAC-es.
DC HSDPA support is only possible with the more flexible and efficient MAC-ehs. The same arguments apply for restricting the use of DC HSUPA to MAC-i/is, MAC-i and MAC-is.

Proposal 1) DC HSUPA is supported only with MAC-i/is, MAC-i and MAC-is.

Architecture Impact on UE side: MAC-is/i:

On a high architectural level, following functionalities of te MAC-i/is entity need extension:

· In case of a dual carrier transmission, there have to be two HARQ processes per TTI for dual carrier transmission. 
Each MAC-i/is PDU is sent with one HARQ process per TTI only, i.e. no “softer combing” nor “soft combining” of MAC-i/is PDUs sent via different carriers is supported. 

· E-TFC selection has to be provided for each carrier 

· The multiplexing and TSN setting entity is responsible for concatenating multiple MAC-d PDUs into MAC-is PDUs, and to multiplex one or multiple MAC-is PDUs into a single MAC-i PDU for each carrier.

Proposal 2: Each MAC-i/is PDU is sent with one HARQ process per TTI only, i.e. no soft combining of MAC-i/is PDUs sent via different carriers within the Node B is supported
The impact of introducing DC HSUPA on 25.321 section 4.2.3.6 (MAC-is/i entity) is shown in the Appendix 1 of this document. 

Architecture Impact on UTRAN side: MAC-i and MAC-is:

In the MAC-i entity there have to be two HARQ processes per TTI for dual carrier transmission. 

But the remaining impacts on UTRAN side depend, whether the UL transmission streams splitted between the carriers are combined in the S-RNC or in the Node B:

· Option 1: The UL transmission streams splitted between the carriers are combined in the S-RNC:
MAC-d flows are configured per carrier between the Node B and the S-RNC.
There is one de-multiplexing entity per HARQ entity. Each de-multiplexing entity demultiplexes MAC-i PDUs and forwards the received MAC-is PDUs to the associated MAC-d flows.
The MAC-is entity is in so far affected as one Reordering Queue Distribution entity receiving all the MAC-d flows per carrier from all the Node-Bs.
The high level impact of introducing DC HSUPA on 25.321 section 4.2.4.7 (MAC-is entity) and section 4.2.4.8 (MAC-i entity) are shown in the Appendix 2 of this document.
· Option 2: The UL transmission streams splitted between the carriers are combined in the Node B:
MAC-d flows are configured per UE between the Node B and the S-RNC. 
The De-multiplexing entity in MAC-i de-multiplexes MAC-i PDUs received from the two HARQ entities, and forwards the received MAC-is PDUs to the associated MAC-d flows. 
There is no impact on the MAC-is entity. 

Option 1 has the clear advantage, that in the existing Node B the user plane remains unchanged. MAC-i PDUs received by a HARQ entity are forwarded to its Demultiplexing fuction, which then maps the demultiplexed MAC-is PDU to its MAC-d flows. This can be done independently per carrier as it is done currently independently between user data streams. 
This approach also practically automatically facilitates independent outer power control loops with limited impact to existing implementations. The independent OLPC per carrier would be needed if e.g. different types of data (SRB, non-scheduled MAC-d flows, conversational service or uplink DCH) can be restricted to one carrier only or if asymmetric soft handover (only one of the carrier is in SHO) is allowed. With multiple MAC-d flows all the signaling between Node B and RNC is already in place.
The implementation impact of Option 1 can be regarded small in comparison to Option 2, where the MAC-i PDUs received in two HARQ entities have to be routed to a single De-multiplexing entity for further processing.
Receiving MAC-d flows per Node B and carrier at the S-RNC leaves the MAC-is functionality completely unchanged, i.e. the incoming MAC-is PDUs per MAC-d flow can be processed in no other way as currently when MAC-d flows are received per Node B only.
Proposal 3: The UL transmission streams splitted between the carriers are combined in the S-RNC (MAC-is entity)
Appendix 1 
4.2.3.6
MAC-i/is entity – UE Side
The split between MAC-i and MAC-is in the UE is not detailed. In the model below the MAC-i/is comprises the following entities:

-
HARQ:
The HARQ entity is responsible for handling the MAC functions relating to the HARQ protocol. It is responsible for storing MAC-i payloads and re-transmitting them. The detailed configuration of the hybrid ARQ protocol is provided by RRC over the MAC-Control SAP.
-
For FDD: There shall be one HARQ entity per E-DCH, one HARQ process per TTI for single carrier transmission and two HARQ processes per TTI for carrier stream transmission. The HARQ entity provides the E-TFC, the retransmission sequence number (RSN), and the power offset to be used by L1. Redundancy version (RV) of the HARQ transmission is derived by L1 from RSN, CFN and in case of 2 ms TTI from the sub-frame number.

-
For TDD: The HARQ entity provides the HARQ process identity, the E-TFC, the retransmission sequence number (RSN) and an indication of the power offset to be used by L1. The redundancy version  (RV) of the HARQ transmission is derived by L1 from RSN. RRC signalling can also configure the L1 to use RV=0 for every transmission.

-
Multiplexing and TSN setting:
For each transmission per carrier the multiplexing and TSN setting entity is responsible for concatenating multiple MAC-d PDUs into MAC-is PDUs, and to multiplex one or multiple MAC-is PDUs into a single MAC-i PDU, to be transmitted in the next TTI, as instructed by the E-TFC selection function. It is also responsible for managing and setting the TSN per logical channel for each MAC-is PDU.
In FDD and 1.28 Mcps TDD, the multiplexing and TSN setting entity is responsible for multiplexing MAC-c PDUs or segments of MAC-c PDUs into a single MAC-is PDU, and for multiplexing MAC-is PDUs into a single MAC-i PDU, to be transmitted in the next TTI, as instructed by the E-TFC selection function. It is also responsible for managing and setting the TSN for the common control channel for each MAC-is PDU.

-
Segmentation:
The segmentation function is responsible for segmenting MAC-d PDUs and MAC-c PDUs (FDD and 1.28 Mcps TDD only).

-
CRC Attachment (FDD and 1.28 Mcps TDD only):
If MAC segmentation is performed for MAC-c PDUs, a CRC is appended to the MAC-is SDU before this data (MAC-c PDU and CRC checksum) is segmented. The size of the CRC field is 8 bits and the CRC is calculated as specified in section 4.2.1.1 in [16] or [19]. In the CRC field, figure 9.1.5.4d , the LSB is the rightmost bit and the MSB is the leftmost bit.

-
Add UE ID (FDD only):
In CELL_DCH state, no E-RNTI is included in the MAC-PDU header.
In CELL_FACH, the E-RNTI is added in all MAC-i PDUs for DCCH and DTCH transmission at the UE side until the UE receives an E-AGCH with its E-RNTI (through an E-RNTI-specific CRC attachment).
In CELL_FACH state and in Idle mode, no E-RNTI is added in MAC-i PDUs for CCCH data transmission. 

-
E-TFC selection:
This entity is responsible for E-TFC selection for each transmission per carrier according to the scheduling information, Relative Grants (FDD only) and Absolute Grants, received from UTRAN via L1 and Serving Grant value signalled through RRC, and for arbitration among the different flows mapped on the E-DCH. The detailed configuration of the E-TFC entity is provided by RRC over the MAC-Control SAP. The E-TFC selection function controls the multiplexing function.

-
ASC selection (FDD and 1.28 Mcps TDD only):
At the start of the Enhanced Uplink in CELL_FACH state and Idle mode, MAC-is/i applies the appropriate back-off parameter(s) associated with the given ASC. When sending an RRC CONNECTION REQUEST message, RRC will determine the ASC; in all other cases MAC-is/i selects the ASC.

-
Scheduling Access Control (TDD only):

The Scheduling Access Control entity is responsible for routing associated uplink signalling via E-UCCH and MAC-e PDU (in the case that E-DCH resources are assigned) or via E-RUCCH (in the case that no E-DCH resources are assigned). It is also responsible for obtaining and formatting the appropriate information to be carried on E-UCCH/E-RUCCH.

NOTE:
HARQ process ID and RSN are carried on E-UCCH.
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Figure 4.2.3.6-1: UE side MAC architecture / MAC-i/is details (FDD)
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Figure 4.2.3.6-2: UE side MAC architecture / MAC-i/is details (TDD)

Appendix 2
4.2.4.7
MAC-is entity – UTRAN Side
For TDD, and for FDD in CELL_DCH and CELL_FACH, for each UE, there is one MAC-is entity in the SRNC. For FDD, for CCCH transmission in CELL_FACH state and Idle mode, there is one MAC-is entity per common E-DCH resource configured in the controlling RNC. For 1.28 Mcps TDD, for CCCH transmission in CELL_FACH state and Idle mode, there is one MAC-is entity per UE in the controlling RNC. When configured by the upper layers. the MAC-is sublayer handles E-DCH specific functionality, which is not covered in the MAC-i entity in Node B. In the model below, the MAC-is comprises the following entities:

-
Disassembly:

The disassembly function is responsible for disassembly of MAC-is PDUs. When a MAC-is PDU is disassembled the MAC-is header is removed.

-
Reordering Queue Distribution:

For DCCH and DTCH transmission, the reordering queue distribution function routes the MAC-is PDUs to the correct reordering buffer based on the SRNC configuration.

-
Reordering:

This function reorders received MAC-is PDUs according to the received TSN and Node-B tagging i.e. (CFN, subframe number). MAC-is PDUs with consecutive TSNs are delivered to the disassembly function upon reception. Mechanisms for reordering MAC-is PDUs received out-of-order are left up to the implementation. There is one Re-ordering Process per logical channel.

-
Macro diversity selection (FDD only):

The function is performed in the MAC-is, in case of soft handover with multiple Node-Bs (The soft combining for all the cells of a Node-B takes place in the Node-B) . This means that the reordering function receives MAC-is PDUs from each Node-B in the E-DCH active set. The exact implementation is not specified. However the model below is based on one Reordering Queue Distribution entity receiving all the MAC-d flow per carrier from all the Node-Bs, and one MAC-is entity per UE.

-
Reassembly:

For DTCH/DCCH transmission, the reassembly function reassembles segmented MAC-d PDUs, and delivers the MAC-d PDUs to the correct MAC-d entity. For CCCH transmission, the reassembly function reassembles segmented MAC-c PDUs, and delivers it to the CRC Error Correction function.

· CRC Error Correction (FDD and 1.28 Mcps TDD only):

When the MAC-c PDU is received correctly after reassembly is performed for CCCH, then the CRC field is removed and the resulting data is delivered to the MAC-c.  However, if a MAC-c PDU has been received with an incorrect CRC, the MAC-c PDU is discarded. The size of the CRC field is 8 bits and the CRC is calculated as specified in section 4.2.1.1 in [16] or [19].
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Figure 4.2.4.7-1: UTRAN side MAC architecture / MAC-is details for DCCH/DTCH transmission (SHO case, FDD only)
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Figure 4.2.4.7-2: UTRAN side MAC architecture / MAC-is details (TDD)
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Figure 4.2.4.7-3: UTRAN side MAC architecture / MAC-is details (for CCCH transmission, FDD and 1.28 Mcps TDD only)
4.2.4.8
MAC-i entity – UTRAN Side
For TDD, and for FDD in CELL_DCH, there is one MAC-i entity in the Node B for each UE. For FDD, there is one MAC-i entity in the Node B for each common E-DCH resource. For 1.28 Mcps TDD in CELL-FACH state, there is one MAC-i entity in the Node B for each UE with dedicated E-RNTI, and one MAC-i entity in the Node B for each common E-RNTI. And there is one E-DCH scheduler function in the Node-B. When configured by the upper layers, the MAC-i and E-DCH scheduler handle HSUPA specific functions in the Node B. In the model below, the MAC-i and E-DCH scheduler comprises the following entities:

-
E-DCH Scheduling:

This function manages E-DCH cell resources between UEs. Based on scheduling requests, Scheduling Grants are determined and transmitted. The general principles of the E-DCH scheduling are described in subclauses 11.8.2.3 and 11.9.2.3 below. However implementation is not specified (i.e. depends on RRM strategy).

-
E-DCH Control:

The E-DCH control entity is responsible for reception of scheduling requests and transmission of Scheduling Grants. In FDD, for UEs in CELL_FACH state and Idle mode, the E-DCH control entity is additionally responsible for collision resolution and common E-DCH resource release by transmitting Scheduling Grants. The general principles of the E-DCH schedulling are described in subclauses 11.8.2.3 and 11.9.2.3 below.

-
De-multiplexing:

This function provides de-multiplexing of MAC-i PDUs per HARQ entity. For DTCH/DCCH transmission, MAC-is PDUs are forwarded to the associated MAC-d flow. For CCCH transmission (FDD and 1.28 Mcps TDD only), MAC-is PDUs are forwarded to the associated UL Common MAC flow.

· Read UE id (FDD only):

In CELL_DCH state, no UE ID is included in the MAC-PDU header.
In CELL_FACH, the E-RNTI is added in all MAC-i PDUs for DTCH and DCCH transmission at the UE side until the UE receives an E-AGCH with its E-RNTI (through an E-RNTI-specific CRC attachment).
In CELL_FACH state and in Idle mode, CCCH data can be transmitted only as no E-RNTI has been added in the MAC-i PDU for transmission from the UE.

-
HARQ:

One HARQ entity is capable of supporting multiple instances (HARQ processes) of stop and wait HARQ protocols. There shall be one HARQ process per E-DCH per TTI for single carrier transmission and two HARQ processes per E-DCH per TTI for dual carrier transmission. 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 figures illustrates the exchange of information between layer 1 and layer 2 provided by primitives.
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Figure 4.2.4.8-1: UTRAN side MAC architecture / MAC-i details (FDD)
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Figure 4.2.4.8-2: UTRAN side MAC architecture / MAC-i details (TDD)





















































































































































































































































































































































































































































































