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9.3
MC-WCDMA (FDD)
9.3.1
High level principles

This structure prioritizes spectrum compatibility, that is ability for legacy UE and evolved UTRA UEs to co-exist in the same spectrum allocation. The baseline structure, numerology and procedures should be the same as those defined for UTRA-FDD E‑DCH with a 2 ms TTI; in particular:

· Frequency reuse 1

· Node-B scheduling

· Adaptive modulation and coding
· Intra and inter Node-B macro diversity
should be supported. This should be achieved without tight inter-site synchronisation.

The following additions to the baseline multiple access structure should be considered:

· Enhanced MAC/RLC in support of simultaneous reception from multiple carriers (up to 20 MHz).

· Enhanced uplink control structure and procedures in support of HS-DSCH and E-DCH operation with variable symmetric and asymmetric bandwidth allocations.

· Added support for 0.96 and possibly 1.92 Mcps numerology.

· Support for higher order modulation such as 16-QAM.

· Reduced uplink HARQ delay budget.

The system operation should rely on the definition of new E-DPDCH demodulation performance requirements based on the following Node B receiver techniques:

· Pilot and data interference cancellation.

· 2 and 4 antenna receive diversity.

9.3.2
Basic Transmission Scheme
This section goes over the specifics for a MC-WCDMA operation on the UL. Section 7.2.2.2 introduces operation over a 1.25MHz bandwidth by means of a low chip rate version of UTRA FDD (WCDMA LCR in the sequel). WCDMA LCR operation is based on direct sequence spreading over 1.25MHz. 

The concepts presented are valid for multi-carrier operation based on the 5MHz system (UTRA FDD) as well as the 1.25MHz system (WCDMA LCR) or a 5MHz/1.25MHz hybrid multi-carrier system.
9.3.2.1
Definitions
Refer to section 7.2.2.1 for definitions relevant for EUTRA operation based on MC-WCDMA multi-carrier operation.  

9.3.2.2
Assumptions for MC-WCDMA operation in UL
Only the HSUPA channels are eligible to be configured in a multi-carrier fashion i.e., a given UE will transmit information onto one or more than one carrier. 

The timing of the PHY channels for paired carriers shall be no different than for a single carrier system where the timing of the UL channels is always referenced to the timing of associated DL channels (see 25.211 for a complete reference). 

The timing of the PHY channels for unpaired carriers is explicitly covered in this Technical Report.
Multi-Carrier transmission characteristics:

· One cell is the serving E-DCH for all carriers supported by a given UE.

· HARQ PHY re-transmissions on UL takes place at the same carrier as for the first transmission.

Figure 9.3.2.2-1 is a block diagram depicting multi-carrier operation. Each of the colors represents a different UL carrier. Note that the PHY channels in squared brackets are just transmitted if associated downlink carrier is configured.
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Figure 9.3.2.2-1. Block diagram for multi-carrier operation

9.3.2.3
UL Single-carrier PHY Channels 

From the UE viewpoint, the system is accessed by way of the anchor carrier. In turn, the UE shall expect reception of the corresponding AICH (Access Indicator Channel) at the carrier associated with the one used for transmission of the PRACH. For DCH transmission, the UE is expected to use at most one carrier. Multi-carrier transmission is limited to the E-DCH.
9.3.2.4
UL Multi-Carrier PHY Channels

· Data-payload channels: 

	Channel
	Num carriers

	E-DPDCH
	M


· Control/supporting channels

	Channel
	Num required channels
	Rationale

	DPCCH
	M
	Phase reference (Pilot bits) for the M 
uplink carriers and TPC commands for DL 
power control the M downlink F-DPCHs. 

	E-DPCCH
	M
	Just transmitted when associated
E-DPDCH channel is active.

	HS-DPCCH
	N
	ACK/NACK and CQI information for
the N downlink carriers


9.3.2.4.1
N/M Asymmetry considerations

The following observations can be made for the different N and M relative values. 

· M=N: All the UL carriers have an associated DL carrier and vice-versa. PHY procedures for this case (i.e., Power Control, synchronization, HS-DSCH and E-DCH related procedures…) are no different than those for the single carrier case.

· M>N: Just the N paired carriers will carry the HS-DPCCH and the TPC commands for the N downlink carriers. Therefore, there will be (M-N) uplink DPCCH with no need for DL power control TPC commands.

· M<N: There are (N-M) downlink unpaired carriers. Therefore, besides the M paired carriers carrying HS-DPCCHs, the ACK/NACK and CQI information of (N-M) unpaired DL carriers will have to be conveyed from the UE to the E-UTRAN in some way. All the M downlink (F-)DPCHs are power controlled by the paired carriers. The proposed method to convey this additional control information is presented below.

To convey the HSDPA feedback information (i.e., ACK/NAK channel and CQI channel) of the (N-M) unpaired DL carriers is to code division multiplex (N-M) additional HS-DPCCHs within the M uplink carriers. 

Doing this code division multiplexing requires the definition of the channelization code to be used by the additional HS-DPCCHs within a carrier. For the single carrier system, 25.213 specifies the SF 256 channelization code and the quadrature phase (depending on the number of DPDCHs configured) to be used by the only HS-DPCCH that may be transmitted at a UE. Therefore, 25.213 would have to further define the channelization code and the quadrature phase to be used by the additional HS-DPCCHs. 

The additional HS-DPCCHs themselves would be no different to the HS-DPCCHs of the paired frequencies or the HS-DPCCH of the current single carrier system. The timing of these additional channels would be tied to the associated downlink HS-PDSCH. 

As a general rule, in order to limit the impact on peak-to-average of the transmit waveform with an additional code channel, the (N-M) additional HS-DPCCHs would have to be spread across the M uplink carriers as much as possible.
In a similar way as Table 0 in 25.213, the following table summarizes the maximum number of simultaneous uplink dedicated PHY channels configurable at a given carrier. 

	M:N
Asymmetry
	DPCCH
	HS-DPCCH
	E-DPCCH
	E-DPDCH

	1:1
	1
	1
	1
	4

	1:2
	1
	2
	1
	3

	1:3
	1
	3
	1
	2

	1:4
	1
	4
	1
	1


As seen in the Table above, the maximum number of code channels allowed within one carrier is no more than the current maximum number of code channels allowed in Table 0 of 25.213. 

Observations:

· There is one HS-DPCCH code channel for each HS-DPCCH corresponding to a downlink unpaired carrier.

· First row in the table above is no different to the no-DPDCH configuration in Table 0 of 25.213.

· Note that the HS-PDSCHs are not power controlled. The TPC bits in the uplink DPCCH power control the downlink (F-)DPCH. Power control of the HS-SCCH and the DL E-channels may be based on the CQI reports by the UE for each of the DL carriers. 

9.3.3 
Physical Layer Procedures

9.3.3.1
PHY channels timing considerations

As stated before, the timing of PHY channels for symmetric, i.e., 
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, multi-carrier configurations is such that each carrier complies with the timing requirements set forth in 25.211. 

This section covers the timing specifics for asymmetric, i.e., 
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 multi-carrier configurations.  

In the N>M case, there are (N-M) downlink unpaired carriers. The timing corresponding to the (N-M) additional HS-DPCCHs in the uplink is referenced to the timing of the associated downlink HS-DPCHs and therefore, it is well defined.

In the N<M case, the timing of the PHY channels in the (M-N) unpaired uplink carriers i.e., DPCCH and E-DPCCH timing, is well defined as it is referenced to (M-N) additional (F-)DPCH allocated within the N downlink carriers. Note that for this case, the timing of each of the unpaired UL carriers is referenced to one of the N downlink carriers (the one with the associated (F-)DPCH). 

9.3.3.2
Power Control: UL PC

Section 7.2.2.5 covers the DL multi-carrier channels and therefore the (F-)DPCHs carrying the power control commands for the UL. 

As indicated in section 7.2.2.5, for each of the possible N/M relative values:

· N=M: each DL carrier has its associated UL carrier and vice-versa. Therefore, the N 
(F-)DPCH channels will power control the N uplink DPCCHs.

· N>M: there are M necessary (F-)DPCHs that power control the M uplink DPCCHs. Just the paired carriers carry the UL TPC commands over the respective F-DPCH. 
· N<M: the (F-)DPCHs in the N paired carriers will power control the uplink DPCCHs in those carriers. In addition, each cell in the UE’s active set needs to allocate (M-N) additional (F-)DPCHs within the N downlink carriers to perform power control of the uplink DPCCH of the (M-N) uplink unpaired carriers.
9.3.3.3
Random Access Procedure

There should be no difference in the random access procedure for a multi-carrier system as the initial system access is performed on a single carrier and the addition of carriers is considered to be a dedicated channel establishment or reconfiguration. 

9.3.3.4
E-DCH Related Procedures

Transmission of E-DCH related channels is covered in section 7.2.2.5 for the DL (i.e., E-HICH, E-RGCH and E-AGCH) and section 9.3.2.4 for the UL (i.e., E-DPCCH and E-DPDCH).

For each of the possible N/M relative values:

· M=N: each UL carrier has its associated DL carrier and vice-versa. Therefore, the M downlink E-HICH, E-RGCH and optionally E-AGCH will control the corresponding M upnlink E-DPCHs.

· M>N: the E-HICH, E-RGCH and optionally E-AGCH in the N paired carriers will control the uplink E-DPCHs in those carriers. In addition, each cell in the UE’s active set needs to allocate (M-N) additional E-HICH, E-RGCH and optionally E-AGCH within the N downlink carriers to control the uplink E-DPCH of the (M-N) uplink unpaired carriers. How that additional information is conveyed is subject to different options covered in section 7.2.2.5.

· M<N: the E-HICH, E-RGCH and optionally E-AGCH in the M paired carriers will control the uplink E-DPCHs in those carriers. 

9.3.3.4.1
E-DPCH Retransmission on Multi-Carrier system

Operation in the multi-carrier system shall guarantee PHY HARQ retransmissions on the carrier that was used for the first transmission. 
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