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Introduction

Some considerations on scheduling requirements for the TDD enhanced uplink were presented and discussed at RAN1#36 [1].  Primarily the need for fast dynamic assignment of physical resources by the Node-B was identified as an important requirement for the enhanced uplink in TDD when serving bursty packet data users.  This has been captured in the text proposal attached to this document along with proposals on Node-B controlled rate scheduling for TDD.
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6 Overview of considered Uplink Enhancements for UTRA TDD

Editor's Note:
This section should contain subsections explaining the overall structure of the proposals under study.

6.1
Scheduling <Node B controlled scheduling, AMC>

Editor's Note:
This section should contain subsections explaining the overall structure of possible alternative scheduling schemes under study, e.g. both Node B controlled scheduling and Adaptive Modulation and Coding would go under this chapter

It is proposed within [9] that the scheduling function at Node-B controls only the set of TFCs that may be selected by active UEs and (possibly additionally) their times of transmission.  These techniques try to control the power received from each UE such that the combined received power level is within acceptable noise rise over thermal (RoT) limits.  TFC control is possible within existing R99/4/5 standards albeit on a slower basis due to the fact that the controlling function is located within the RNC.  Migration and enhancement of this mechanism to the Node-B (within the scheduler) along with the time-scheduling component is desirable to provide finer and more accurate control of the resulting RoT at the Node-B receiver.  Better management of the RoT helps to reduce its variance when compared to RNC-centric TFCS control which may improve uplink capacity and throughput.

Transferring some form of TFC control and time-scheduling functionality to the Node-B is also expected to provide similar benefits for TDD systems in terms of a better interference management.  It is envisaged however that additionally for TDD the Node-B scheduler will need to incorporate an ability to dynamically share available code resources amongst active UEs.  This is a direct consequence of the differences in uplink multiple access architecture between FDD and TDD.

For FDD, except at very low spreading factors, the code resources occupied by each UE do not affect those available to other UEs since each is assigned a unique scrambling sequence.  There is thus no need in FDD to directly control the code resources used by each UE, only the rate (and/or time) of transmission.  In contrast, for TDD all UEs within a cell share the same scrambling sequence and are instead separable by means of their OVSF sequences.  OVSF code resources on the TDD uplink must therefore be carefully managed in order to avoid the possibility of a code-limited system.  This has implications for the TDD Node-B scheduler in that unlike FDD, it must be able to dynamically re-assign the available uplink OVSF code resources amongst users according to their traffic needs and/or channel conditions.  In this respect, the TDD Node-B scheduling function for uplink mirrors the functionality present in the (TDD and FDD) MAC-hs for downlink; fast (re)-allocation of code resources is required when there is finite availability of those code resources.

Furnishing the scheduler with the ability to quickly re-assign code resources is necessary to enable the physical resources available to the UE to be varied in accordance with the UEs uplink traffic volume profile and the prevailing channel conditions.  Firstly this allows for efficient accommodation of the bursty traffic typical of background and interactive services and is likely to increase perceived end-user throughput via a reduction in buffer-queue latency.  Secondly it allows for allocations to be tailored to the UEs current data rate capability thereby minimising wastage or over-allocation of code resources.

In summary it is proposed that the TDD uplink would benefit from the following functionality being located within the Node-B:

· Fast control over the transmission data rates available for selection by the UE (rate scheduling):

· this allows for scheduling algorithms that are able to provide better and finer control over interference
· Fast control over the timeslots and OVSF codes used for transmission (physical resource scheduling):

· this mitigates against finite code resource limitations and enables efficient assignment of physical resources in the presence of varying (bursty) traffic profiles and changeable radio conditions

A further important consequence of UEs sharing the same (cell-specific) scrambling sequence is that for TDD it is likely to be beneficial for enhanced uplink data transmissions to be scheduled (ie: contentionless transmission should be maintained for transmission of uplink data on the enhanced uplink channel).

6.1.1
Node-B Rate Scheduling
In Rel5, the uplink scheduling and rate control function resides in the RNC. By providing the Node-B with similar tools, tighter control of the uplink interference is possible which in turn, may result in increased capacity and improved coverage.
In [9] the term “Node-B rate scheduling” denotes a function whereby the Node-B has control over the set of TFCs (denoted “Node B controlled TFC subset”) from which the UE may choose a suitable TFC employing the Rel5 TFC selection algorithm (or modifications thereof if applicable).  Any TFC in the Node B controlled TFC subset might be selected by the UE, provided there is (1) sufficient power margin, (2) sufficient data available, (3) the TFC is not in the blocked state.  The Node B controlled TFC subset relates to the TFCS and minimum set defined in Rel5 in the following ways:
· “TFCS”. This is identical to the TFCS in Rel5 and is the set of all possible TFCs as configured by the RNC.

· “Node B controlled TFC subset”. The TFC selection algorithm in the UE selects a TFC from the “Node B controlled TFC subset”. Note that the “Node B controlled TFC subset” is equal to or a subset of the TFCS and, at the same time, equal to or a superset of the minimum set, i.e..  “Minimum set” ( “Node B controlled TFC subset” ( “TFCS”.

· “Minimum set”. This is identical to the minimum set in Rel5 as specified in [5]. The UE can always select a TFC from the minimum set as TFCs in the minimum set can never be in the blocked state.

In Figure 6.1.1.1, the different (sub)sets are illustrated.
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Figure 6.1.1.1 : Illustration of different sets of TFCs.

The ideas behind the ”Node-B controlled TFC subset” are similar to the use of transport format combination control specified in [5]. This signalling is typically used to allow the RNC to control the allowed uplink transport formats by specifying a "TFC subset" along with an optional duration under which the “TFC subset” is valid. Node-B rate scheduling can be viewed as providing the Node-B with similar tools, but allowing for faster adaptation to interference variations. The interaction between RNC TFC control and Node-B TFC control is FFS, although a preferable solution is to require the UE not to choose a TFC outside any of these restrictions.
Using this technique, the Node-B is therefore able to effectively place an upper bound on the uplink transmission rate (and hence received power).  The actual transmission rate may be further reduced from this allowed maximum by the UE in the event that a) there is not sufficient data in the UE buffer or b) that the channel conditions do not permit the transmission of the Node-B-assigned maximum rate (TFC in blocked state).  As such for FDD, the scheduler controls the maximum-rate TFC that is permitted and this in-turn has a direct impact on the physical resources (SF) occupied by the transmission.

It is envisaged that the techniques of Node-B rate control will also bring benefits to TDD.  However, matters are slightly different in that it is desirable for the scheduler to allocate code resources in order to avoid code resource blocking (see section 6.1 and 6.1.2).  As such, the transmission rate would already (to some degree) be under the control of the scheduler, but by means of the allocated code resources not by means of the maximum allowed TFC.  Unfortunately, knowledge of the allocated code resources alone does not result in a predictable received power level at the Node-B due to the fact that the coderate of the selected TFC has much influence on this too.  As such it is clear that in order to achieve accurate rate scheduling, one must jointly consider both the physical resources allocated and the transmission rates that map to those physical resources.

The set of available TFCs at the UE would therefore be determined via the following factors:

· the physical resources allocated to the UE by the Node-B

· the transmit power requirements of each TFC in relation to the maximum allowed UE transmission power

· further restrictions and control imposed by the Node-B rate scheduler

6.1.2
Node-B Physical Resource Scheduling
Dynamic assignment and re-assignment of physical resources (timeslots and OVSF codes) is an important facet of an efficient TDD uplink system in which there are finite code resources, especially when supporting bursty background and interactive services (cf: HS-DSCH for downlink in release 5).  The envisaged benefits of dynamic physical resource scheduling at the Node-B are listed below:

1. Avoidance of code resource blocking

Dynamic code resource allocation allows for accommodation of a larger number of session-active users in the presence of variable traffic source rate from each user.  Fixed resource allocation is unable to adapt to such variations and can be inefficient for interactive and background services.

2. Better tracking of UE buffer status

The ability to vary the amount of allocated resources quickly in response to UE buffer indications can significantly reduce latency and improve packet call throughput.

3. Better tracking of radio conditions

The ability to vary the amount of allocated resources quickly in response to radio conditions allows the scheduler to maximise the packing efficiency of the available physical resource space and to reduce occurrences of over-allocation, thereby improving overall cell throughput.

4.Reduced latency
By moving the resource allocation function to the Node-B, latencies are likely to improve.  The latency involved in the initial request/grant of physical resources may be reduced due to an avoidance of some Iub delays in this process.  UTRAN stack delays are also potentially avoided.  Removal of the Iub and UTRAN stack delays may similarly improve the latencies associated with scheduling for retransmission over those observed in release 5.

5.Co-location of the scheduler with the (H)-ARQ function
System performance is likely to benefit from a close coupling of the physical resource scheduling, rate scheduling and (H)-ARQ functions.  Having them located within the same network entity is therefore desirable.

<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>
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