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1 Introduction

The HSDPA Physical Layer Aspects Document [1] describes aspects of HSDPA signalling. Details of the signalling in that document appear to be motivated primarily by FDD considerations. There is concern that the signalling defined with FDD in mind is either not complete for TDD or inappropriate for TDD due to the fundamental differences in physical layer architecture. In addition TFRI must indicate time slot allocation and the 5-ary signalling of HI is not appropriate for TDD.

It is assumed that a two-step signalling approach similar to [2] will be adopted for TDD HSDPA signalling. It is assumed that the TDD TTI is 10ms. It is assumed from [1] and [2] that channel quality indications are transmitted to the Node B on the fractionated DPCH every T msec. Small values of T result in considerable resource overhead.  It is preferable if T can be made large from a resource efficiency perspective.  However, as the proposal currently stands, this has the consequence of providing only very infrequent quality updates to MAC-hs.  Expected choices for the parameter T will not allow the Node B to make good allocation and scheduling decisions. This document makes an alternative proposal for reporting of downlink channel quality in the uplink and discusses other attributes of the overall signalling architecture. The proposed scheme is governed by the following two principles :

· Resources should be allocated to a UE when it is experiencing better channel conditions than usual. Allocation should not be based solely on absolute C/I. Absolute C/I should be used to decide on the MCS allocated to a user.

· If user channel diversity is to be exploited by the scheduling function within MAC-hs then timely channel quality information is required.  Channel correlation periods are of the order of one, at most two radio frames for pedestrian speeds.

This document considers 3.84Mcps TDD only.

2 Reporting of Downlink Channel Quality in Uplink

A proposed method of reporting downlink channel quality in the uplink is described in this section.

The UE continually monitors RSCP on downlink physical channels fulfilling the beacon function (RSCPbeacon). It maintains an average, L0, of this RSCPbeacon over a time period to be decided, or which is configurable via higher layer signalling.

The UE also monitors ISCP on the beacon timeslot (ISCPbeacon) and may also form an average of this (I0), averaged over the same time period as used to form L0.

These four quantities may optionally be used to form “instantaneous” and averaged beacon-channel SIR metrics.
A UE receiving HSDPA data will be in CELL_DCH state and will have an associated fractionated DPCH. The downlink fractionated DPCH carries the HI indicator bits. The uplink fractionated DPCH carries RSCPbeacon, L0, ISCPbeacon and I0. The HSDPA scheduler allocates resource to UEs based on an algorithm that takes these quantities as input functions.

The measurements carried on UL-DPCH are extracted by MAC-hs in the Node B. Higher layer messages contained within the UL-DPCH are transported to higher layers without these measurements.

According to the reported beacon function measurements (and other input parameters to the scheduler such as fairness criteria) the scheduling function in MAC-hs allocates HS-DSCH resource to the UE.  This allocation decision may be performed for this UE immediately following reception of the potentially-fractionated DPCH in order to reduce measurement latency impacts. Although the measurements transmitted do not relate directly to timeslots carrying HS-DSCH, they are generally indicative of prevailing channel conditions, and may be used by MAC-hs as a basis for scheduling decisions, and also to select an appropriate modulation scheme, code rate and redundancy version for the first HS-DSCH TTI, in the absence of recent channel measurements specific to HS-DSCH timeslots. 

The HI indicator on the downlink fractionated DPCH causes the UE to read the appropriate HS-FACH channel in order to be able to decode HS-DSCH.

The UE decodes the HS-DSCH and performs one or more DL quality measurements on the timeslots over which HS-DSCH is received (DL_QualHS-DSCH) . This HS-DSCH-specific measured quality, along with RSCPbeacon, L0, ISCPbeacon and I0 and HARQ ACK / NACK are transmitted by the UE in the HICH. The HICH uplink shared resource is allocated implicitly via a predefined relationship to the HS-DSCH. At this stage, the scheduling function within MAC-hs  has up to date information on the instantaneous and averaged channel quality seen by the UE on the beacon timeslot(s), and instantaneous DL_QualHS-DSCH information on HS-DSCH timeslots.  This facilitates scheduling decisions to be based on recent channel quality measurements, and also enables informed decisions on appropriate selection of subsequent MCS (based on the reported DL_QualHS-DSCH).

The proposed signalling scheme is illustrated in Figure 1. This figure assumes low latencies in UE and Node B functions for the sake of clarity. In section 3, this paper expands on this signalling scheme for the cases where the UE and Node B have realistic latencies.

In frame 1, the beacon-function measurement set is transmitted to the Node B on the fractionated UL DPCH. 

In frame 2, the HSDPA resource allocator in the Node B allocates HS-DSCH resource to the UE since that UE is experiencing better channel conditions than that UE’s average. The HI indicator bits on the fractionated DPCH inform the UE that it must decode a specific HS-FACH for the repetition period of the DL-DPCH. The UE decodes the HS-DSCH TTI. The UE makes DL_QualHS-DSCH measurements on the physical resource (time slot and channelisation code(s)) allocated to it. The UE responds with ACK/NACK and DL_QualHS-DSCH or other quality measurements on the HICH.

In frame 3, the HSDPA resource allocator is able to make a well-informed allocation for the UE given the C/I measurement received in frame 2 in conjunction with updated beacon-function measurements. It may be noted that beacon-function measurements need not be transmitted on HICH in the event that they are unchanged since the last report on UL-DPCH or previous HICH.  Confidence in allocation of further resource to this UE in the time slot for which it received a measurement report in frame 2 is high due to the recent measurement information received. The MCS for this allocation will be selected in accordance with the DL_QualHS-DSCH measurement reported in frame 2.

In frame 4, the HI bits indicate that the UE should decode a specific HS-FACH. The Node B has allocated resource to that UE based on the DL_QualHS-DSCH measurement in frame 3.

In subsequent frames, HS-DSCH resource is allocated based on DL_QualHS-DSCH and beacon-function measurements in the previous frame until in a future frame, the resource allocator fails to allocate resource (maybe the UE is no longer experiencing favourable channel conditions, or the resource allocator decides to allocate some other UE for reasons of fairness). At this stage, the resource allocator will revert to allocating resource as per frame 1.
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Figure 1 – Example HSDPA TTD Signalling for Low Latency UE and Node B

2.1 FDD / TDD Comparison

An FDD UE is able to continually monitor channel quality as there is always downlink resource available for this purpose. An FDD UE is also capable of continually signalling the downlink channel quality back to the Node B due to the fact that the UL DPCH is continuous. In HSDPA, this channel quality signalling can either be explicit or implicit (see [3]). In an implicit scheme, the Node B’s knowledge of the UE’s channel quality is formed from an initial C/I measurement that is subsequently updated at 1500Hz via TPC bits from the UE on the associated UL DPCH. In either the implicit or explicit schemes, the Node B is able to allocate resource in the downlink based on very recent channel quality measurements.

A TDD UE is only able to monitor channel quality when it is receiving a beacon channel or when it has been allocated resource (either dedicated or shared). It is therefore only able to report C/I to the Node B at a much lower rate than the FDD UE. In order for the HSDPA TDD Node B to be able to make use of user channel diversity, the HSDPA TDD UE must thus have the opportunity to transmit accurate channel quality measurements as soon as they become available. This is better achieved by transmitting the channel quality measurements in the HICH than waiting for a fractionated UL DPCH.

2.2 Advantages of Proposed Scheme

The proposed scheme :

· realises performance gains during periods of HS-DSCH activity in which the HICH is used to convey timely and appropriate DL channel quality measurements to MAC-hs. 

· achieves lower latency in channel quality information reporting compared to a UL-DPCH conveying channel quality information (eg: every “Tms”) due to the potentially fractionated nature of the UL-DPCH (the UL-DPCH scheme hampers exploitation of user channel diversity).

· removes the need for ongoing channel quality measurements on HS-DSCH timeslots during periods in which the UE is not allocated HS-DSCH. Removal of the need for measurements on HS-DSCH timeslots is beneficial in terms of improving the battery life of the terminal.

The proposed scheme is flexible enough to allow a range of scheduling algorithms and implementations.

2.3 Disadvantages of Proposed Scheme

The proposed scheme requires the transmission of more bits of uplink information. However, given that the uplink information will be transmitted in a TDD burst, physical resource is not wasted by transmitting this extra information (the number of uplink information bits transmitted on HICH is still less than the number of bits that can be fitted into a TDD burst).

2.4 HICH uses burst type 1

Since there is a low data rate on HICH and to improve HICH reliability, it is proposed that HICH uses burst type 1.

2.5 Proposals

· Proposal 1 : Downlink quality estimates may be reported on HICH.
· Proposal 2 : Measurements on beacon channels are transmitted on the UL DPCH and may additionally be transmitted on HICH.
· Proposal 3 : Portions of UL-DPCH are terminated at MAC-hs in the Node B.
· Proposal 4 : HICH is transmitted using burst type 1.
3 TDD Signalling for Higher Latency UEs and Node Bs

Section 2 proposed downlink channel quality measurement transmission in the uplink on HICH and UL-DPCH.  For the sake of clarity, low latencies were considered for UE and Node B.  In this section, we elaborate on the scheme of section 2 and propose a signalling method that accounts for realistic latencies in UE and Node B.

Two different latencies are discussed in this section.  The first is the time for one complete HSDPA H-ARQ cycle.  The second is the time for a quality measurement and subsequent allocation cycle.

3.1 H-ARQ Cycle
This is the time required once a scheduling decision has been made, to allocate HS-DSCH, receive and decode the HS-DSCH TTI, generate ACK/NACK and transmit this back to node-B via HICH, decode the HICH and re-schedule.

More specifically it is the time required to perform the following actions following a decision to allocate HS-DSCH to a UE.  It is assumed that HI has been transmitted and that the UE is actively reading all HS-FACH in the fractionated DL DPCH repetition period:-

1. Node-B: Form HS-FACH, and begin transmission ((0)

2. Propagation delay ((p)

3. UE: Detection of HS-FACH, decode TFRI and H-ARQ info. and activate receiver for HS-DSCH ((1)

4. UE: Receive HS-DSCH TTI ((TTI)

5. UE: Decode HS-DSCH TTI and derive ACK/NACK ((2)

6. UE: Time until end of transmission of HICH ((HICH) (dependent upon the specific HICH resource allocated)

7. Propagation delay ((p)

8. Node-B: Detection of HICH and extraction of ACK/NACK ((3)

9. Node-B: MAC-hs scheduling and MCS decision ((sched)

This is depicted in Figure 2 below:-
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Figure 2 – TDD H-ARQ Cycle Timing

Note that timing advance is used for HICH, and so (HICH must also allow for twice the propagation delay.

Under the assumption that we wish to be able to continuously allocate all HS-DSCH resource to one UE in order to achieve the maximum data rate for that UE, the H-ARQ cycle time dictates the number of parallel stop and wait (SAW) channels required within the H-ARQ process.

Assuming that each HS-FACH may allocate only one TTI for each UE (note: this does not preclude each HS-FACH allocating multiple UE’s of one TTI each), the HS-DSCH TTI length dictates the amount of signalling resource required on DL for allocation (HS-FACH) and corresponding return signalling on UL (HICH) to achieve a given data rate.  Smaller TTIs thus result in an increased expenditure of signalling resource, whereas larger TTIs increase the H-ARQ cycle time.  We believe that a TTI of 10ms for 3.84Mcps TDD strikes an acceptable balance between H-ARQ latency and signalling overhead.  Furthermore, we believe that the sum of the delays involved in the H-ARQ cycle time with the exception of (TTI, is less than or equal to 20ms.  As such for a 10ms TTI the overall H-ARQ cycle time is likely to be less than 30ms resulting in the maximum number of N-SAW processes required being equal to 3 for 3.84Mcps TDD HSDPA.

In order to provide maximum scheduling flexibility and in order to facilitate allocation of all available HS-DSCH to one user if desired, it is proposed that HS-DSCH TTI’s be allowed to traverse TDD frame boundaries and also any intervening UL/DL or DL/UL splits.  This allows for the HS-FACH to be positioned as required within the frame structure, and allows the “dead-time” resulting from serial H-ARQ cycle delays to be occupied with HS-DSCH transmissions to the same UE if required.  This scheme also allows the HS-DSCH TTI start times to be different for different users.

Figure 3 illustrates the proposed TDD HSDPA signalling scheme.  Note that the TTI does not align with frame boundaries and that the TTI traverses UL/DL boundaries (section 3.2 will explain the use of the DL-Qual signalling on HICH).

· Proposal 5 : HS-DSCH TTI need not be aligned with the frame boundary

· Proposal 6 : The HS-DSCH TTI may traverse UL/DL boundaries as per release ‘99.

3.2 Quality Measurement Cycle

As per section 2, it is desirable to incorporate DL quality information on HICH for reasons of maintaining fast quality indications in the intervening periods between fractionated UL DPCH’s.  It is believed that the most recent quality report should be included in the HICH regardless of the particular HS-DSCH TTI the ACK/NACK indication pertains to.  Thus, the ACK/NACK feedback is allowed to be asynchronous with respect to the quality information.

The reason for this asynchronous approach is that typically, the delays involved in making a DL quality estimate are far shorter than the delays associated with detection and decoding of HS-DSCH, since in general, quality estimates may be derived via channel estimation only.

Figure 3 depicts an example of the overall scenario for one user.  The H-ARQ cycle time is 20ms, and an HS-DSCH TTI of 10ms (ie: an H-ARQ scheme incorporating 2 SAW processes is required per HS-DSCH transport channel).  Colours are used to associate HI/HS-FACH/HS-DSCH/(N)ACK corresponding to the same H-ARQ cycle.  Each DL quality report in the diagram is generated from measurements made at some time during the preceding 10ms.  Each report on HICH may optionally include measurements made on HS-DSCH and/or DL beacon function timeslots.  The DL DPCH repetition period is 4 in this example.
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Figure 3 – Proposed TDD HSDPA signalling scheme

In the above example, if the DL quality measure reported on HICH can be decoded and used by the scheduler prior to the next HS-FACH (in this instance in less than 3 slots), then the quality reporting update cycle can be made to be 10ms.  This would bring considerable system benefits for UEs up to pedestrian speeds.

Additionally in the above example, other HS-FACH’s may be transmitted on timeslots other than timeslot 1, resulting in staggered HS-DSCH TTI’s across UE’s.  However, as there is only one CCTrCH of HS-DSCH type per UE, staggered TTI’s are not allowed for the same UE.

4 HI

In this paper and in [2], the HI indicator bits on the downlink fractionated DPCH signal to the UE whether it should read an HS-FACH channel or not for the whole of the repetition period of the fractionated DPCH. 

The redundancy applied to the HI bits should be sufficient to achieve a negligible rate of lost allocations by the UE. In particular, the redundancy applied to the HI bits should provide a similar protection against allocation errors as results from the reliability of the HS-FACH. The HI indicator bits should be transmitted using a 4-ary modulation scheme where all signal constellation points lie on the circumference of a circle.  However, we do not wish to restrict the number of simultaneously-allocated users (within the same TTI) on HS-DSCH to 4, and so there are three possibilities :-
1. Each HS-FACH is capable of allocating more than one UE.  However, it looks unlikely that there will be sufficient physical resource available from one burst to carry the required signalling for more than one UE.

2. If a single HS-FACH can support only one user, and each user may be instructed to read any of the physical channels carrying HS-FACH, then HI must be able to indicate more than the 4 HS-FACHs currently-proposed (using the single 5-ary HI symbol) [1].  This would require transmission of more than 2 HI bits
3. The number of HI bits required may be reduced without restricting the number of simultaneous users to, for example 4, by allocating a subset of all possible HS-FACH’s to each user.  This could be achieved either through higher layer signalling support or could be inferred from the UE’s CRNTI in a similar fashion to Release ’99 S-CCPCH’s.  However, this does have impacts in terms of scheduling flexibility.
The trade off between (2) and (3) above is left FFS.
· Proposal 7 :  HI bits are transmitted using only 4-ary symbols for TDD.
· Proposal 8 : Redundancy is applied to the HI bits. The protection against allocation errors provided by this redundancy should be similar or better than that offered by the various fields within HS-FACH.
5 HS-FACH

In the proposed scheme and in [2], the HS-FACH channel is a shared control channel. It carries TFRI, HARQ related information and information that identifies the UE for which the HS-FACH carries HS-DSCH related signalling. The TFRI includes information about the dynamic part of the HS-DSCH transport channel and also includes information about the set of physical channels (channelisation codes and time slots) onto which HS-DSCH is mapped in the corresponding TTI.

The current assumption appears to be that HI is able to point to 4 HS-FACH’s.  It is not clear whether this is intended to be the maximum number of HS-FACH’s per frame (which, under the assumption that one HS-FACH corresponds to one allocation for one user, would limit the maximum number of allocated users to 4), or whether there maybe more than 4 HS-FACH’s but that a specific UE may only be allocated on 4 of them.
· Proposal 9 : The maximum number of HS-FACH’s per frame must not adversely restrict either the maximum number of UE’s that may be allocated simultaneously, or the flexibility within the scheduler.

5.1 TFRI

The definition of TFRI in TR25.858 should include information about the HS-PDSCH time slots allocated as well as the channelisation code allocation. The number of bits assigned to TFRI should take account of the number of bits required to signal this additional time slot information for TDD.

In each time slot, up to 16 channelisation codes can be allocated. For a 10ms TTI, there are 15 time slots (although not all of these can be used for HS-PDSCH). Maximum flexibility in signalling the allocation would require a large number of bits in TFRI. In reality, there would be certain timeslots that both the UE and Node B know a priori cannot be allocated to HS-PDSCH : the uplink timeslots are an example. Those timeslots that are forbidden for HS-PDSCH allocation reduce somewhat the number of bits required to signal the allocation.

The message size required to signal an allocation can be reduced by always allocating contiguous resource in the channelisation code / timeslot space. Contiguous allocations can provide either maximum time slot diversity (the horizontal yellow allocation of Figure 4) or maximum channelisation code diversity (the vertical red allocation of Figure 4). Note that Figure 4 shows 3 possible mutually exclusive allocations on one diagram (clearly the same channelisation code and timeslot cannot be allocated to two different users!). A contiguous allocation is less flexible than an unconstrained allocation (the blue allocation of Figure 4) and the performance of the contiguous allocation may be inferior to that of an unconstrained allocation. 
The impact of allocation methodology requires further study. However, it is noted that at a minimum, 3.84Mcps TDD will require 16 bits within the TFRI to denote a contiguous allocation over the complete time slot / channelisation code space. These 16 bits would consist of 8 bits signalling the start of the contiguous allocation and 8 bits signalling the end of the allocation.

· Proposal 10 : At least 16 bits are required to signal the physical resource allocation. The method of signalling physical resource requires further study.
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Figure 4 - Allocations within channelisation code / time slot space

6 Proposals

In this document, we make the following proposals for HSDPA TDD :

1. Downlink quality estimates may be reported on HICH.

2. Measurements on beacon channels are transmitted on the UL DPCH and may additionally be transmitted on HICH.

3. Portions of UL-DPCH are terminated at MAC-hs in the Node B.
4. HICH uses burst type 1.
5. HS-DSCH TTI need not be aligned with the frame boundary

6. The HS-DSCH TTI may traverse UL/DL boundaries as per release ‘99.
7. HI bits are transmitted using only 4-ary symbols for TDD.

8. Redundancy is applied to the HI bits. The protection against allocation errors provided by this redundancy should be similar or better than that offered by the various fields within HS-FACH.
9. The maximum number of HS-FACH’s per frame must not adversely restrict either the maximum number of UE’s that may be allocated simultaneously, or the flexibility within the scheduler.
10. At least 16 bits are required to signal the physical resource allocation. The method of signalling physical resource requires further study.
Proposals in the above list that are of potential interest to both RAN WG1 and RAN WG2 are summarised in [5].
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