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4
Background and introduction

The technical purpose of the Enhanced Uplink feature is to improve the performance of uplink dedicated and common (FDD and 1.28Mcps TDD only) transport channels, i.e. to increase capacity and throughput and reduce delay. This is applicable for UTRA TDD and FDD.

The following techniques are part of the Enhanced Uplink feature:

-
Node B controlled scheduling: possibility for the Node B to control, within the limits set by the RNC, the set of TFCs from which the UE may choose a suitable TFC.

-
Node B controlled physical resource scheduling (TDD ony).

-
Hybrid ARQ: rapid retransmissions of erroneously received data packets between UE and Node B.

-
Higher order modulation (16QAM) (TDD and FDD).
-
Higher order modulation (64QAM) (FDD only).
-
Intra-frame code hopping (3.84 Mcps and 7.68 Mcps TDD only).

-
Shorter TTI: possibility of introducing a 2 ms TTI (FDD only).

-
Enhanced Uplink in CELL_FACH state and Idle mode (FDD and 1.28Mcps TDD only).

-
Dual Cell E-DCH (FDD).

-
Multi-Carrier E-DCH (1.28 Mcps TDD only).

-
Uplink Transmit Diversity (FDD).
-
Uplink MIMO (FDD only).

************** NEXT CHANGED SECTION ****************
7.2.6
Details of MAC-is/MAC-i

The MAC-is/i handles the E-DCH specific functions. 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. For TDD, there shall be one HARQ entity. For 1.28 Mcps TDD Multi-Carrier E-DCH operation, there shall be one HARQ entity (namely HARQ sub-entity) per E-DCH. The HARQ entity (or HARQ sub-entity for 1.28 Mcps TDD Multi-Carrier E-DCH operation) 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. RRC signalling can also configure the HARQ entity to use RV=0 for every transmission.

-
Segmentation:


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

-
CRC Attachment (FDD and 1.28Mcps TDD only):
If for CCCH transmission segmentation is performed for MAC-c PDUs, a CRC is appended to the MAC-c PDU and segmentation is then performed for the entire MAC-c PDU including CRC.

-
Multiplexing, TSN setting:
The multiplexing and TSN setting entity is responsible for concatenating multiple MAC-d PDUs or segments of MAC-d PDUs into MAC-is PDUs, and to multiplex one or multiple MAC-is PDUs into a single MAC-i PDU or, for Dual Cell E-DCH operation and UL MIMO, one or two MAC-i PDUs, for 1.28 Mcps TDD Multi-Carrier E-DCH operation, one or several MAC-i PDUs, 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.
For FDD and 1.28Mcps TDD, the multiplexing and TSN setting entity is responsible for multiplexing one MAC-c PDU or segments of one MAC-c PDU into a single MAC-is PDU, and to multiplex one 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.

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

-
E-TFC selection:
This entity is responsible for E-TFC selection according to the scheduling information (Relative Grants and Absolute Grants) received from UTRAN via L1, 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.

-
Scheduling Access Control (TDD only):

The Scheduling Access Control entity is responsible for routing associated uplink signalling via E-UCCH and MAC-i 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. When UE is triggered to send the SI on E-RUCCH, UE only sends the E-RUCCH on one carrier.

NOTE:
HARQ process ID and RSN are carried on E-UCCH.
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Figure 7.2.6-1: UE side MAC architecture / MAC-is/i details (FDD)
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Figure 7.2.6-2: UE side MAC architecture / MAC-is/i details (3.84Mcps TDD and 7.68Mcps TDD)
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Figure 7.2.6-3: UE side MAC architecture / MAC-is/i details (1.28Mcps TDD)
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Figure 7.2.6-3a: UE side MAC architecture / MAC-is/i details (1.28 Mcps TDD Multi-Carrier E-DCH operation)

************** NEXT CHANGED SECTION ****************
23
Uplink MIMO Operation (FDD only)

For FDD and in CELL_DCH state, certain categories of UEs may be configured into uplink MIMO (UL MIMO) operation. UL MIMO builds on top of UL CLTD by adding a second transport block in parallel, transmitted on an orthogonal pre-coding vector with a set of S-E-DPDCHs physical channels. For a UE configured in UL MIMO mode either single or dual-stream transmissions can take place. In case of rank-1 transmission, the transport block is carried over E-DPDCH(s) as in UL CLTD. In case of rank-2 transmission, the primary transport block is carried over four E-DPDCHs and the secondary transport block is carried over four S-E-DPDCHs. UL MIMO is not supported for CELL_DCH state when more than one uplink frequencies are configured.
UL MIMO is characterized by the following properties:

-
Support of transport channels:

-
UL MIMO is applicable for E-DCH only in Cell_DCH state;

-
UL MIMO is not applicable when DCH is configured;

-
Physical channel structure:

-
There are two uplink pilot channels: the DPCCH and the secondary DPCCH (S-DPCCH). The S-DPCCH is transmitted on a different channelisation code than the DPCCH;

-
HS-DPCCH, E-DPDCH and E-DPCCH are pre-coded with the same pre-coding vector as DPCCH. The S-DPCCH, S-E-DPCCH and S-E-DPDCH are pre-coded with the same pre-coding vector but different than DPCCH;
-
The power offset between the DPCCH and the S-DPCCH is configurable by RRC;

-
PCI feedback is carried on an F-DPCH-like channel, F-TPICH. The channelization codes of F-TPICH and F-DPCH (if configured) can be the same or different ones;

-
Precoding weights are determined by the E-DCH serving cell;

-
There is a single inner power control loop and a single outer power control loop (as per Rel-6).
- 
[FFS] Possible rank-2 transmission related enhancements for OLPC
-
[FFS] The serving Node B can use HS-SCCH orders to activate and deactivate the UL MIMO;
-
Scheduling procedures:

-
For E-DCH transmission, the DPCCH power is used as the reference for the definition of Serving Grant and UPH, and there is no impact to the E-TFC selection procedure.
-
The UE MAC layer is responsible for selecting either one (rank-1) or two (rank-2) transport blocks according to the Serving Grant, xxx [TBD] and UPH. 

-
There is no impact to the primary stream’s E-TFC selection procedure [with the exception that in rank-2 transmissions the SG is reduced by 3 dB]. 

-
The secondary stream’s E-TFC procedure operates the same way as the primary stream’s E-TFC selection procedure, [but the E-TFC selection procedure applies a reduced SG value when determining the TB size.]
-
the serving E-DCH cell / the cells in the serving E-DCH RLS (as defined for Rel-6) sends independently ACK/NACK for each transmitted transport block.
-
[FFS] soft handover operation 
-
L3 procedures:

-
If no E-DCH and HS-DSCH serving cells are configured, the UL MIMO operation is not supported
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