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7.2
MC-WCDMA (FDD)

7.2.1
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 HS-DSCH; in particular:

· Frequency re-use 1

· Node-B scheduling

· Adaptive modulation and coding

· Fast layer 2 re-transmissions
· Fast cell switching without data loss
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 transmission over multiple carriers (up to 20 MHz)

· Support for MIMO for HS-DSCH operation.

· Support for simultaneous reception of HS-DSCH and multicast data transmitted according to the simulcast structure and procedures described in clause [X] should be evaluated.

· Added support for 0.96 Mcps and possibly 1.92 Mcps numerology.

· Enhanced downlink control structure and procedures in support of HS-DSCH and E-DCH operation with variable symmetric and asymmetric bandwidth allocations.
· Support for higher order modulation such as 64 QAM.

· Reduced downlink HARQ delay budget.

The system operation should rely on the definition of new demodulation performance requirements as follows:

· Enhanced HS-PDSCH performance requirements relying on:

· Enhanced reference equalizer such as frequency domain equalizer with decision feedback combined with multi-antenna receive diversity in the UE.

· Intra and Inter cell interference reduction in the UE.

· Enhanced S-CCPCH performance requirements in support of MBMS relying on:

· Dual antenna receive diversity in the UE.

7.2.2 Basic Transmission Scheme
This section goes over the specifics for a MC-WCDMA operation on the DL. 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.
7.2.2.1
Definitions
N: maximum number of DL carriers that a UE may receive at a given time. The notion of “carrier assignment” is implicit with this concept, i.e., the E-UTRAN shall notify the UE that it may receive data on up to N carriers simultaneously.  

M: maximum number of UL carriers that a UE may transmit at a given time. Also, the notion of “carrier assignment” is implicit with this concept, i.e., the E-UTRAN shall notify the UE that it may transmit data on up to M carriers simultaneously.

Paired Carriers: carrier frequencies such that for each DL carrier there is an associated UL carrier. The PHY channel timing relationships for paired carriers are the same as those for the currently defined single carrier UMTS system.  

Unpaired Carriers: carrier frequencies that do not have an associated DL carrier (in case of M>N) or do not have an associated UL carrier (in case of N>M). The timing of PHY channels of unpaired carriers will be associated with the timing of some paired carriers. Details on this will be provided in the body of this document.  

Anchor Carrier: carrier within a cell that contains full R99, R5 or R6 capability, i.e., transmission of SCH, P-CCPCH, S-CCPCH… and supporting reception of UE random access by way of the PRACH. For the downlink, the anchor carrier in a cell constitutes the timing reference for all the carriers in that cell i.e., time synchronization within the carriers in a cell is assumed as stated section 7.2.2.2. 
7.2.2.2
WCDMA LCR system numerology
Table 7.2.2.2-1 presents the numerology for the WCDMA LCR system. 
	Parameter
	Value

	Carrier spacing
	1.25MHz

	Chip rate
	960 kcps

	Slot duration
	0.67ms: 640 chips

	Max SF
	128

	R5/R6 TTIs
	2ms: 3 slots 
10ms: 15 slots


Table 7.2.2.2-1. WCDMA LCR system numerology

The chip rate for the WCDMA LCR system comes from a direct translation to a 1.25MHz carrier spacing of the relationship between the carrier spacing and the chip rate for the UTRA FDD, i.e., 3.84Mcps is to 5MHz the same as 960kcps is to 1.25MHz. Therefore, the same pulse shaping filter taps are assumed for the 1.25MHz system, with the difference that the sample duration is 4 times longer in the 1.25MHz system.

The slot duration for the 1.25MHz system corresponds to the UTRA slot duration of 0.67ms. Therefore, since the “chips” of the 1.25MHz system are 4 times longer, the number of chips in a slot is 2560/4=640. The number 640=128x5, and therefore the maximum spreading factor is 128, for which there will be 5 Walsh symbols per slot. For this slot duration, the TTI duration in slots corresponding to the R5 and R6 channels remains the same i.e., 2ms and 10ms, as in UTRA FDD.
7.2.2.3
Assumptions for MC-WCDMA operation in DL
Only the HSDPA channels are eligible to be configured in a multi-carrier fashion i.e., a given UE will receive information from one or more than one carrier. 

The time reference for cells connected to the same Node B is assumed to be common across all carriers. Therefore, the DL timing reference i.e., timing of the P-CCPCH or SCH is the same for all carriers in a given cell.  
The timing of the PHY channels for paired carriers shall be no different than for a single carrier system where the timing of all the DL channels is referenced to the timing of the P-CCPH or SCH. 

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 HS-DSCH for all carriers supported by a given UE.
· [Multi-carrier] split of the user data buffer is at the Node-B.

· Node-B can do individual carrier scheduling or joint carrier scheduling.

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

Figure 7.2.2.3-1 is a block diagram depicting multi-carrier operation. Each of the colours represents a different DL carrier. Transmission by the serving cell is represented by solid lines, whereas transmissions by other cells are represented by dashed lines. Note that the PHY channels in squared brackets are just transmitted if associated uplink carrier is configured.
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Figure 7.2.2.3-1. Block diagram for multi-carrier operation

7.2.2.4 
DL Single-carrier PHY Channels 

The DL channels that could be transmitted on one carrier only are listed below. 
· SCH: Primary and Secondary Synchronization channels – allowing UE initial system acquisition.

· P-CCPCH: Primary Common Control Physical channel carrying the system information i.e. BCH: Broadcast transport channel.

· S-CCPCH: Secondary Common Control Physical channel carrying the Paging (PCH) and the Forward Access Channel (FACH) transport channels. If there is interest in increased data transmission capabilities over FACH, transmission of the  S-CCPCH could take place on more than one carrier in a cell.

· PICH: Paging Indicator Channel if S-CCPCH carrying the PCH is transmitted over a single carrier.

· MICH: MBMS Indicator Channel if S-CCPCH carrying the MBMS contents is transmitted over a single carrier.
· DPCH: for e.g., real time services. 
7.2.2.5
DL Multi-Carrier PHY Channels

The set of downlink PHY multi-carrier channels is the following: 

· Data-payload channels: 

	Channel
	Num carriers

	HS-PDSCH
	N


· Control/supporting channels

	Channel
	Num required channels
	Rationale

	HS-SCCH
	N
	The number of required channels,
N, should be multiplied by the number of 
simultaneous users that may be supported 
per slot, per carrier

	(F-)DPCH
	M
	UL Power Control commands 
for M uplink carriers

	E-HICH
	M
	ACK/NAKs for M E-DPCHs 

	E-RGCH
	M
	Relative Grants for M E-DPCHs

	E-AGCH
	M or 1
	Absolute Grants for M E-DPCHs


The Absolute Grant messages for a multi-carrier UE with M uplink carriers may be transmitted on M independent E-AGCH PHY channels (in same or different carriers) or could be transmitted on a single PHY channel at a particular DL carrier. In that case, the E-RNTI identifier would require the additional notion of “carrier” on top of the notion of UE identity. Therefore, a UE could have more than one associated E-RNTI e.g., one for each UL carrier that is allowed to use. 

7.2.2.5.1
N/M Asymmetry considerations

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

· N=M: All the DL carriers have an associated UL 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.   

· N>M: Just the M paired carriers require (F-)DPCH, E-HICH/E-RGCH and E-AGCH (in case of M AGCH channels used). There are (N-M) downlink unpaired carriers carrying the HS-PDSCH and its associated HS-SCCHs. 

·  N<M: There are (M-N) uplink unpaired carriers. Therefore, the following will be required:

· (M-N) additional (F-)DPCHs for UL power control of the (M-N) uplink unpaired carriers.

· (M-N) additional E-HICH/E-RGCH channel pairs using (M-N)x2 additional signatures for PHY HARQ ACK/NACK and RG indications of the (M-N) uplink unpaired carriers.

· (M-N) additional E-AGCH channels for transmission of the absolute grants of the (M-N) uplink unpaired carriers if M E-AGCHs are transmitted for a UE with M uplink carriers. If a single E-AGCH is used for the absolute grants of a UE in all the UL carriers, no additional E-AGCHs are needed.

The (M-N) sets of additional channels ((F-)DPCH, E-HICH/E-RGCH and optionally 
E-AGCH) are related to E-DCH transmissions on the UL. Therefore, the cells in the UE’s E-DCH Active Set of each carrier shall transmit to the UE the supporting E-DCH feedback information and the RL TPC commands. For cells belonging to the same Node-B, the transmission of these channels shall take place at the same carriers. It may also be desired, for implementation reasons, that the carriers for transmission of these channels are the same for different Node-Bs. 

Note that multiple F-DPCHs on a given carrier may be orthogonally time multiplexed within the same channelization code by using different timing offsets (multiples of 256 chips). Therefore, the additional F-DPCHs may be time multiplexed within a set of DL carriers. Alternatively, different channelization codes may be used for the additional F-DPCHs with timing same or different than that of the paired F-DPCH. 

Clearly, allocation of F-DPCHs is more advantageous than allocation of DPCHs as multiplexing in time sharing the same channelization code is possible with the former. 
7.2.3
Physical Layer Procedures

7.2.3.1
DL 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 of DL PHY channels 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 of the DL channels in these carriers (HS-PDSCH and HS-SCCH) is well defined since for the DL, the timing of all the PHY changes is referenced to the nominal timing of the P-CCPCH or SCH of the anchor carrier. 
In the N<M case, there are (M-N) uplink unpaired carriers. Also, there are (M-N) sets of channels ((F-)DPCH, E-HICH/E-RGCH and possibly E-AGCH) that need to be allocated within the N downlink carriers. The timing of E-HICH is indirectly related to the timing of the associated (F-)DPCH. The timing of the E-RGCH for the serving cell coincides with the timing of the E-HICH. Whereas, the timing of the E-RGCH from a non-serving cell as well as the timing of the E-AGCH is absolute with respect to the nominal timing (2 slots after). In addition, as noted before, the E-AGCH may be transmitted on a single carrier. Therefore, the (M-N) additional (F-)DPCHs (on top of the N ones corresponding to the paired carriers) will have a particular timing multiple of 256 chips which will constitute the indirect reference for the E-HICH and the E-RGCH from the serving cell. 

Note that multiple F-DPCHs on a given carrier may be orthogonally time multiplexed within the same channelization code by using different timing offsets (multiples of 256 chips). Therefore, the additional F-DPCHs may be time multiplexed within a set of DL carriers. Alternatively, different channelization codes may be used for the additional F-DPCHs with timing same or different than that of the paired F-DPCH. 
7.2.3.2
Synchronization Procedures: Cell Search

7.2.3.2.1
“Cold” Acquisition

The “cold acquisition” denotes the system acquisition from UE power up. Therefore, it is the acquisition of the first carrier (anchor carrier). 

There are no changes in the procedure described in 25.214, however just a subset of carriers (the smallest subset being the single anchor carrier) will carry the P-SCH/S-SCH and the P-CCPCH and therefore will enable the UE to perform the three steps for system acquisition.

7.2.3.2.2
“Warm” Acquisition
The “warm acquisition” denotes the addition of DL carriers. 

If different carriers from the same cell share a common timing reference (as assumed in section 7.2.2.2), there is no need for steps 1 and 2 in the system acquisition process described in 25.214 (related to the acquisition of the slot and frame timing as well as the identification of the scrambling code group to which the cell belongs, through acquisition of P-SCH and identification of S-SCH). Step 3 (last step) in the system acquisition procedure described in 25.214 may also be avoided if different carriers from different cells use the same scrambling code. 

Therefore, the two constraints:

· Common timing reference for all carriers from same cell, and

· Common scrambling code for all carriers from same cell,

bring notorious advantages on the addition of DL carriers procedure and therefore shall be required. 

If the common timing reference for carriers from same cell was optional. A signalling message could be defined with the objective of indicating whether or not each of the DL carriers share the same timing as the anchor carrier. 

In turn, if the use of common scrambling code for carriers from same cell was optional. The E-UTRAN would have to indicate through signalling (e.g., P-CCPCH or S-CCPCH) the scrambling code used by carriers other than the anchor carrier. This approach would add unnecessary overhead on the DL and is not desired.

7.2.3.3
Synchronization Procedures: Synchronization of Dedicated channels

7.2.3.3.1
Procedure A

This section covers Procedure A step by step identifying the points that could be different for the addition of a new carrier. 

Procedure A step “b” in 25.214 currently specifies that the initial transmit power for the DL DPCCH or F-DPCH is set by higher layers. This transmit power could be chosen to be the same as that for one of the established carriers. 

The DL chip and frame synchronization described in step “c” may be simplified for the assumption of common timing from different carriers. 

Step “d” specifies when the UE may start transmitting. Currently, higher layers need to consider the DL physical channel established and activation time (if provided) reached. After that, transmission of DPCCH start at an initial transmit power set by higher layers. This initial DPCCH power may also be the same as one of the other active carrier’s DPCCH. The power control preamble, in this case, may also be reduced to speed up the synchronization.      

7.2.3.3.2

Procedure B

Synchronization Procedure B does not involve the UE as it governs the addition of radio links to the existing radio link sets between the UE and E-UTRAN. Therefore, it would not require any change to specifically support multi-carrier operation.
7.2.3.4
Power Control: DL PC

Section 9.3.2.4 covers the UL multi-carrier channels and therefore the DPCCHs carrying the power control commands for the DL (to control the transmission power of the (F-)DPCHs and HS-SCCHs). 

For each of the N/M relative values:

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

· M>N: there are N uplink DPCCHs meaningful for DL power control. Those are the N paired carriers that power control the downlink (F-)DPCHs and optionally HS-SCCHs in the N downlink carriers. 

· M<N: the DPCCHs in the M paired carriers will power control the M downlink (F-)DPCHs. Power control of the HS-SCCHs in the (N-M) downlink unpaired carriers may be based on CQI reports for each of the carriers by the UE.  

7.2.3.5
HS-DSCH Related Procedures

Transmission of HSDPA related channels is covered in section 7.2.2.5 for the DL (i.e., HS-PDSCH and HS-SCCH) and section 9.3.2.4 for the UL (i.e., HS-DPCCH).

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 downlink HS-PDSCHs/HS-SCCHs will be fed back by the corresponding N uplink HS-DPCCHs.

· N>M: the HS-PDSCHs/HS-SCCHs in the M paired carriers will be fed back by the corresponding M uplink paired HS-DPCHs. In addition, the UE further conveys CQI and ACK/NACK commands for the (N-M) downlink unpaired carriers for HARQ operation and channel feedback of the HS-PDSCH of those carriers. How that additional information is conveyed is covered in section 9.3.2.4.1. 

· N<M: the HS-PDSCHs in the N paired carriers will be fed back by their corresponding HS-DPCCHs in the paired carriers. 

7.2.3.5.1

HS-PDSCH 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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