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1 Introduction
The FDD and TDD enhanced uplink study items, documented under TR25.896 [1] and TR25.804 [2] respectively, are clearly tightly coupled in their aims and objectives.  In terms of the nature and fundamental design of the uplink, there are however, some key differences between the two modes and these require careful consideration when contemplating the design of an enhanced uplink for TDD.
Firstly the two uplink signal architectures are compared in section 2.  Some scheduling consequences arising from the different architectures are then discussed in section 3, particularly with respect to code resource allocation strategies.

2 Comparison of FDD and TDD Uplink Architecture
2.1 FDD Uplink

The construction of the FDD uplink signal involves essentially 3 components [3]:
1. distribution of the physical channels (DPDCH, DPCCH, HS-DPCCH etc..) between I and Q quadrature branches
2. spreading of each BPSK-modulated physical channel by means of OVSF codes
3. complex scrambling of I+jQ by a UE-specific short or long complex scrambling sequence
A diagrammatic representation of the Rel-5 FDD uplink is shown in Figure 1 below.  Although the structure of the enhanced FDD uplink is not yet finalised, it is understood that for backwards compatibility reasons the general architecture of the uplink will not change and will still encompass the three elements above.
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Figure 1 – FDD Uplink Signal Construction (Rel-5)
Since the finite set of OVSF codes are used for the multiple physical channels comprising a DPCH (DPCCH + [HS-DPCCH] + 1-to-6 DPDCH), the code resource space for a given UE is similarly finite.  However, there are up to 224 UE specific scrambling sequences and as such, the FDD uplink in general (in terms of multiple access) is not hard-limited in terms of code resources.  A soft code-resource limit does exist due to the fact that the probability of a UE transmitting the same chip sequence as another UE within a symbol period increases as the number of UE’s is increased or their SF lowered.  Such collisions of symbol chip sequences are recoverable so long as the degree of FEC applied is sufficient or if the UE channels are substantially different.  Practically speaking however, this soft code limit is not reached for SF greater than 4; the system is noise-rise/outage limited long before the code limit is reached.
As such the uplink resource to be shared/distributed amongst users is generally conceptualised not as a code limited resource space, but as an allowable power rise over thermal (RoT) at the Node-B [1].

2.2 TDD Uplink

The construction of the TDD uplink signal involves essentially 2 components:

1. spreading of the QPSK modulated symbols by means of OVSF codes

2. scrambling of I+jQ by a short cell-specific scrambling sequence
Up to two physical channels may be transmitted by a UE.  A diagrammatic representation of the Rel-5 TDD uplink is shown in Figure 2 below.
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Figure 2 – TDD Uplink Signal Construction (Rel-5)
Due to the fact that the UE’s are not each assigned a UE-specific scrambling sequence, the OVSF code resources within a cell must be shared amongst active UE’s.

3 Scheduling Consequences of Uplink Architecture

3.1 Allocation of Code Resources

For FDD the assignment of specific code resources to a UE does not directly impact the code resources assignable to other UE’s.  As such, if a UE is assigned code resources, there is no resulting code resource scheduling impact when the UE uses those resources only partially, or not at all (DTX).  Such scenarios occur due to autonomous rate (TFC) selection by the UE in response to both channel conditions and buffer occupancy.  Due to the fact that the resource being scheduled is not really code resource, but RoT resource, this allows for liberal code- (not RoT) resource allocation policies to be employed for the FDD enhanced uplink without consequence.  An example of such a liberal code resource allocation strategy is the FDD (E-)DPCH.
For a (E-)DPCH, the code resources to a UE are dedicated and are primarily described by the assigned UE-specific scrambling code.  These code resources may be used by the UE for a long length of time until reconfigured by higher layers.  The actual OVSF code resources (under the “umbrella” of the UE-specific scrambling code) occupied by the DPCH can vary through a large OVSF code space range, if allowed to by the network.  Under normal enhanced uplink operation, in order to control the RoT, restrictions on the maximum OVSF code space utilised within an E-DPCH will be imposed by the scheduler by means of TFC (or similar MCS-like) control [1].  However, this does not need a re-configuration of the actual code resources used by the UE, as these are defined in terms of the UE scrambling code.  Thus, the rate of the E-DPDCH(s) may be allowed to vary through the full allowed codespace range without any reconfiguration of code resources being necessary.
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Figure 3 –  A varying rate E-DPDCH in FDD.  No reconfiguration of the code resources is needed and the system is interference (RoT) limited.
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Figure 4 – Multiple users sharing the RoT resource in FDD.  A single user may occupy a large fraction of the RoT resources without reassignment of DPCH code resources.
In contrast to FDD, the UL code resources are hard-limited in TDD and assignment of code resources to a UE excludes others from using them.  In the event that the UE does not use the allocated resources in full (due to autonomous rate/TFC selection at the UE in response to channel conditions and buffer occupancy), these code resources may not be reclaimed for use by another UE and capacity is potentially lost.  This is code blocking.  A liberal code resource allocation strategy is therefore likely to perform poorly when applied to TDD.

If we use dedicated physical channels for enhanced uplink in TDD then in order to provide full flexibility and allow the rate of transmission by a UE to vary through a large code-space range (as is the case for FDD), we would need to allocate a user an SF 1 code.  To provision for maximum burst rate we may need to allocate this SF 1 code across many UL timeslots.  Clearly in the limit it becomes possible to serve very few (even 1!) users in the cell and this is not practical.  Such a situation is shown in the figure below.
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Figure 5 – A varying rate E-DPCH for TDD.  The UL becomes severely code limited.
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Figure 6 –Using the DPCH concept for enhanced uplink in TDD wastes resources if high burst rates to the UE are to be supported (cf: FDD).  Long term allocation of code resources is not appropriate.
As is well known (eg: [5]), high instantaneous burst rates are an extremely important facet of packet transmission efficiency (fat-pipe scheduling) and without this ability, the performance of an enhanced TDD uplink is likely to be poor.  It is of-course possible to divide the available code resources amongst users into smaller quantities, and allow the data rate of the E-DPCH to only vary within this restricted range, but this is analogous to dividing an E1 2Mbps pipe into (say) 20 x 100kbps pipes, a technique known to reduce throughput for non-constant traffic sources.
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Figure 7 – Fat pipes and thin-pipes
In fact, a likely population of active E-UL users within a cell may easily be far greater than 20, further reducing the statistical multiplexing gain and cell/user throughput for packet services.  Even though RoT resource usage within the cell is improved there is still some wastage and maximum UE burst rates have been restricted.  Such a situation is shown in Figure 8 and Figure 9.
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Figure 8 – A narrow-band varying rate E-DPCH.  Only narrow-band E-DPCH’s could be established if a reasonable population of users is to be served.
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Figure 9 – Multiple (E-)DPCH’s established in TDD.  UE maximum burst rates are restricted and some degree of resource wastage is still apparent.
It is clear that we need to allow the code resources assigned to each UE to vary through large ranges in order to accommodate the similar variations in required data rate arising from the traffic volume profile.  This would match the fat-pipe scheduling ability of E-DCH in FDD.  To accomplish this, the code resources cannot be dedicated in TDD in the true sense since this causes a blocking problem for packet services.  What is needed therefore is a fast dynamic reconfiguration of the available code resources, under control of the scheduler.  In such a situation the physical channels are shared amongst UE’s differently each TTI.  Such a mechanism already exists in releases 99/4/5 in the form of the physical uplink shared channel (PUSCH), although here the code resources are allocated by the CRNC.  An obvious extension of this for enhanced TDD uplink is a (possibly new) transport channel that is mapped to physical uplink shared channels under the control of a Node-B scheduler.  This allows for variations in the traffic profile to be accommodated via commensurate variations in the assigned code resources to a UE without causing code blocking for other UE’s.
In summary, the concept of E-DCH in FDD may not be transported directly to the TDD physical layer without consideration of the capacity and throughput impacts that result.  If fat-pipe scheduling is enabled there is a sub-optimum usage (wastage) of resource.  If narrow-pipe scheduling is adopted, resource efficiency improves but latency increases and throughput decreases.  Either way, the assignment of dedicated physical (code) resources to a UE is not good for the TDD enhanced uplink.

The differences between the modes arises as a result of the fundamentally different multiple access architectures.  The concept of an enhanced physical uplink shared channel removes the code blocking issue for TDD and allows for fat-pipe scheduling without wastage of code resource.  This would bring the TDD enhanced uplink in line with the objectives and system theories of the FDD enhanced uplink.
4 Conclusions

Some issues surrounding scheduling aspects of an enhanced TDD uplink have been discussed.  A summary of the conclusions is as follows:
1. The physical channel rate of an FDD E-DPDCH can be allowed to vary through a wide range without requiring reconfiguration of the dedicated code resources.  This allows for liberal code resource allocation policies to be employed (such as dedicated channels) without affecting the fat-pipe scheduling ability within the cell.  Note, it does not follow that this allows for liberal RoT resource allocation.
2. To sustain a reasonable population of enhanced uplink users for TDD, the establishment of dedicated physical channels is undesirable:

a. If multiple narrow-band DPCHs are established, the range over which the (E-)DPCH rate may vary is severely restricted preventing fat-pipe scheduling for bursty packet services

b. If a few wide-band DPCHs are established, code resources are blocked for other users and the population served is severely restricted

3. Liberal code resource allocation policies (such as DPCH) are not as applicable to TDD enhanced uplink as they are to FDD enhanced uplink due to differences in uplink multiple access architecture.  When considering the adoption of DPCH for enhanced TDD uplink thought must be given to the inevitable capacity and throughput reductions that arise due to wastage of code resource and the impacts of “thin-pipe” scheduling.
4. The fast allocation of physical uplink shared channels by the Node-B amongst active UE’s is capable of circumventing the above problems for enhanced TDD uplink.  This approach can remove the code blocking problem whilst simultaneously allowing the gains of fat-pipe scheduling to be realised.
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