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Introduction

This contribution gives a brief overview of an enhanced uplink proposal being considered for 3GPP Release 6.  Details of each component of the proposal are shown in a couple of companion contributions.

Structure for Enhanced Uplink

The enhanced uplink consists of a new channel called Enhanced DCH (E-DCH).  The E-DPDCH supports adaptive modulation and coding (AMC) using BPSK and QPSK modulation and Hybrid ARQ.  The length of the E-DCH sub-frame is 2 msec (3 slots) or 10 msec (15 slots).  The scheduling and TFRI information are sent on the E-DPCCH.  The overall structure of the enhanced uplink is shown in Figure 1.  Table 1 shows a sample of modulation and coding rates that can be supported by the E-DCH using a minimum SF=4 although SF=2 is possible and could provide benefits especially in avoiding three DPDCH or 8PSK to achieve 2Mbps.
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Figure 1.  Structure for Enhanced Uplink

Table 1. Sample MCS Levels for the E-DCH
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PAR Analysis:

The worst case PAR depends upon the choice of assigned spreading factor (SF), OVSF code, IQ branch, and gain () factor for each code channel used for a given set of data rates (TFCS) as was shown in [1].  In [2] it was shown that PAR is a valid and appropriate metric for WCDMA signal analysis and power amplifier (PA) relative performance evaluation.  The optimized PAR for two cases for the above structure is reproduced from [1].

Case a:

The E-DCH uses BPSK modulation and is mapped to a single branch and uses code SF/4 or SF/2 and shares the branch with one other physical channel e.g. DPCCH which uses OVSF code 0 or code 1.  All other physical channels are mapped to the alternate branch.  The PAR for Case a is shown in Table 2.  It may be noted that the optimum branch allocation for the SF=32 and SF=4 cases are not the same.  It may be observed from Table 2 that the PAR increases by approximately 0.16dB in case of SF=2 with optimized code allocation for d=6, c=3, HS=6, TFRI=6 and EU=15 compared to BPSK modulation with SF=4.

Case b:

The PAR when E-DCH uses QPSK modulation and code-1 while the other 3 physical channels are on the I or Q branch is shown in Table 3.  From Table 2 and Table 3 it can be concluded that the is no significant difference between the worst case PAR for QPSK modulation with SF=4 and BPSK modulation with SF=4 . From Table 2 the PAR increase of QPSK SF=2 relative to QPSK SF=4 is only about 0.20 dB

Table 2.  Case a  PAR for E-DCH BPSK modulated with SF=2 and SF=4 and various  values

	DPDCH
	DPCCH
	HS-DPCCH
	E-DPDCH
	E-DPCCH
	

	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	PAR

	I
	4
	64
	16
	Q
	3
	256
	0
	I
	3
	256
	32
	Q
	15
	4
	1
	I
	3
	128
	1
	3.78

	I
	5
	64
	16
	Q
	3
	256
	0
	I
	5
	256
	32
	Q
	15
	4
	1
	I
	5
	128
	1
	4.02

	I
	6
	64
	16
	Q
	3
	256
	0
	I
	6
	256
	32
	Q
	15
	4
	1
	I
	6
	128
	1
	4.20

	Q
	12
	64
	16
	Q
	6
	256
	0
	Q
	12
	256
	32
	I
	15
	32
	8
	I
	12
	128
	1
	4.81

	I
	4
	64
	48
	Q
	3
	256
	0
	I
	3
	256
	128
	Q
	15
	2
	1
	I
	3
	128
	80
	3.99

	I
	5
	64
	48
	Q
	3
	256
	0
	I
	5
	256
	128
	Q
	15
	2
	1
	I
	5
	128
	80
	4.19

	I
	6
	64
	48
	Q
	3
	256
	0
	I
	6
	256
	128
	Q
	15
	2
	1
	I
	6
	128
	80
	4.36


Table 3. Case b PAR for E-DCH QPSK modulated with SF=2 and SF=4 and various  values

	DPDCH
	DPCCH
	HS-DPCCH
	E-DPDCH
	E-DPCCH
	

	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	Br
	
	SF
	C
	PAR

	I
	4
	64
	8
	Q
	3
	256
	0
	Q
	3
	256
	32
	I+Q
	15
	4
	1
	I
	3
	128
	1
	4.07

	I
	8
	64
	8
	Q
	4
	256
	0
	Q
	8
	256
	32
	I+Q
	15
	4
	1
	I
	8
	128
	1
	5.07

	I
	8
	64
	8
	Q
	6
	256
	0
	Q
	6
	256
	32
	I+Q
	15
	4
	1
	I
	6
	128
	1
	5.00

	I
	8
	64
	16
	Q
	4
	256
	0
	Q
	8
	256
	64
	I+Q
	15
	2
	1
	I
	8
	128
	1
	5.28

	I
	8
	64
	16
	Q
	6
	256
	0
	Q
	6
	256
	64
	I+Q
	15
	2
	1
	I
	6
	128
	1
	5.20


The corresponding PAR for TFCS PAR optimization schemes A thru D are summarized in Table 4 when all the code-multiplexed channels shown in Figure 1 are present. Schemes A thru D are defined as follows:

· Scheme A corresponds to the optimum for E-DCH modulation BPSK and minimum SF=4 

· Scheme B corresponds to the optimum for E-DCH modulation BPSK and minimum SF=2 

· Scheme C corresponds to the optimum for E-DCH modulation QPSK and minimum SF=4

· Scheme D corresponds to the optimum for E-DCH modulation QPSK and minimum SF=2

The code/ branch allocation and the  values for the  TFCS PAR optimization schemes are given in Tables 4,5, and 6 of [1].

Table 4. PAR (dB at 99.9%) for different E-DCH configurations (modulation, SF) and TFCS PAR optimization schemes, all physical channels present, code multiplexed case (Option 1)

	Scheme
	BPSK, SF=32
	BPSK, SF=4
	BPSK, SF=2
	QPSK, SF=4
	QPSK, SF=2
	DTX 


	A
	4.81
	4.53 
	N/A
	N/A
	N/A
	5.57

	B
	5.24
	4.32
	4.36
	N/A
	N/A
	5.94

	C
	5.00
	4.52
	5.58
	5.07
	5.56
	5.07

	D
	5.25
	5.07
	5.05
	5.28
	5.28
	3.95


Note that for cases of BPSK with SF between 4 and 32, the PAR will be between the values given in table 3 for the cases of BPSK SF4, and BPSK SF32. The variation in PAR between these cases is mainly due to the change in the  values. 

Scheduling Methods:

The proposal supports both autonomous and explicit scheduling using E-DCH only.  In “Autonomous Scheduling” all UEs are allowed to transmit simultaneously, but the data rates and powers are controlled by the node B, either through restrictions in the Transport Format Combination Set imposed by the node B [3] or by use of a Persistence parameter broadcast over the cell as described in this contribution.  The UE transmits in autonomous mode in predefined n consecutive sub-frames only.  The sub-frames in which MS is allowed to transmit in autonomous mode are assigned by the RNC.  In “Explicit Scheduling”, the node B controls the data rates and powers of the UE’s transmissions in such as way as to maximize uplink throughput, while maintaining interference at an acceptable level. Specifically, a UE may be scheduled taking into account the uplink channel conditions, the amount of data waiting to be transmitted and the available Tx power of the UE. This type of scheduling uses L1 signaling on both the uplink and downlink in order to grant to a UE (or a small number of UEs) specific time intervals and maximum transmit powers for transmission.  

Specific triggers to move between scheduling modes is FFS.  One trigger could by buffer occupancy. For example, when in autonomous mode, the amount of data waiting to be transmitted in a UE's buffers may grow to exceed X bytes. In this case it may be desirable to enter the explicit mode of scheduling. In order to minimize transition latency to the explicit mode (and hence data transfer latency), it is preferable to perform this transition by means of Layer 1 (L1) signaling. However, such signaling is not entirely reliable, which is especially true during Soft Handover (SHO) due to link imbalances between the SHO legs. Therefore it is also desirable to have a fall back mode of performing the transition by means of higher layer signaling involving the RNC.  This fall back will have significantly higher latency, and therefore it is desirable that this occurs in only a small proportion of transitions. Higher layer signaling involving the RNC can also be used to synchronize the active set node Bs when only a subset of node Bs transition to explicit mode. This allows the UE and some active set node Bs to transition to explicit mode with low latency, while the remaining active set node Bs will transition to explicit mode with some additional latency. When entering the explicit mode, some form of hysteresis should be employed such that once explicit mode is entered, there is enough time for the RNC to ensure that all active set node Bs have entered explicit mode.  When in explicit mode, if the amount of data waiting to be transmitted in a UE's buffer falls below X bytes the UE moves to autonomous mode. 

Scheduling in Explicit mode: 

Uplink timing is asynchronous such that transmissions by different UE’s can only be synchronized to avoid overlap and gaps by relating UE transmission times to the reception of a common downlink channel (e.g. PCCPCH in WCDMA). However, in doing so time alignment on a slot or radio frame basis of multiple channel services (e.g. a separate voice channel and data channel) is lost. Common time alignment of uplink transmissions also makes backhaul utilization problematic. Macro selection diversity is also lost since other active set Node-B’s cannot determine UE transmission times without knowing time offset information (e.g. Tm) of the reference downlink channel at each active set Node-B which is information not currently available at all active set Node-Bs for a given SHO user.  Finally, Transmission overlaps result in un-intended extra uplink interference and gaps result in loss of transmission time both resulting in lower throughput.  A Node-B scheduler assigns appropriate sub-frames to UEs for a given scheduling interval based on their rank in a prioritized list (e.g. based on C/I and delay since last scheduled) and their frame+chip timing offset in order to minimize undesired transmission gaps and overlap between asynchronous UE uplink data transmissions and thereby maintain fairness and maximize sector throughput.  

Control Channel Design for Enhanced Uplink:

The uplink and downlink control channels required for explicit and autonomous scheduling are illustrated in Figure 2 and Figure 3.    

Uplink Control Channels:

In both the explicit and autonomous mode, the UE sends the TFRI over E-DPCCH.  The UE conveys to each Active Set BTS, in association with the EUDCH sub-frame, modulation and coding information, incremental redundancy version information, HARQ status information, and transport block size information, which is collectively referred to as transport format and resource-related information (TFRI).  The TFRI only defines rate and modulation coding information and H-ARQ status.  The UE codes the TFRI and sends the TFRI over the same frame interval as the EUDCH for both explicit and autonomous mode. 

In both the explicit and autonomous mode, the UE communicates scheduling information to the Node-B’s using an uplink scheduling information control channel with a known fixed modulation and coding rate and transport block size.  The scheduling information consists of buffer occupancy status, UE power margin etc.

Downlink Control Channels:

Both the explicit and autonomous mode uses ACK/NACK channel in the downlink direction to indicate whether the packet was decoded correctly in the UE or not.  Options for transporting ACK/NACK information include using a separate code channel which has distinct advantages.  Another option is to send the information on a dedicated channel (DCH or E-DPCCH) by puncturing data or by adding another DPCCH field.  

In explicit mode the scheduling Node B sends scheduling assignment information (transmission time and rate limit e.g.) to the scheduled UE. The scheduling assignment information can be sent to the scheduled UE using a separate downlink code channel or by including the information on a dedicated channel.

In the autonomous mode, both rate limit and persistence information are passed to the UEs to allow Node B management of interference levels.  The persistence parameter p and rate limit can be broadcast over the cell using the FACH channel transmitted on the S-CCPCH. The node B periodically updates the parameter.  Alternatively, the persistence parameter p may be carried on a dedicated channel (e.g. E-DPCCH) to each UE.
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Figure 2.  Control channels requirement for explicit scheduling mode
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Figure 3. Control channels requirement for autonomous scheduling mode

Hybrid ARQ (HARQ) and Soft-handoff (SHO):

The proposal supports HARQ (both Incremental redundancy and Chase) for UEs even if they are in soft handoff.  Partially asynchronous HARQ is preferred since it is likely to help avoid signaling error conditions during soft handoff and avoids the overhead of fully asynchronous HARQ.  A new data indicator helps eliminate ambiguity of which packet is currently being considered for a given HARQ channel at each Active Set cell during soft handoff. It is FFS to determine which other indicators are needed to provide reliable HARQ operation during soft handoff while maintaining macro selection.

It is for further study to determine if local information at the Node B and UE can be used to mitigate uplink interference to adjacent cells or improve signaling reliability especially during soft handoff. 
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� Although presented in the table, the PAR when E-DCH is DTX’d will not be a limiting case, since the UE power will be well below the maximum PA power level limit 
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