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1 Introduction

[1] proposes a signalling scheme for 3.84Mcps HSDPA TDD. This signalling scheme allows for usage of a maximum number of HS-DSCH slots while keeping the allocation latency to a minimum. It is important to keep the allocation latency to a minimum in order to allow the HSDPA scheduler in the Node B to exploit user channel diversity.

Minimisation of the allocation latency puts requirements on the processing capabilities of the Node B and the UE. These requirements must be aggressive in order to allow the Node B scheduler to perform effectively.

This document proposes timing requirements for 3.84Mcps HSDPA TDD that enable the signalling scheme proposed in [1]. These timing requirements complement those in [2] for 1.28Mcps HSDPA TDD.

This document includes a text proposal for 25.858 [2].

2 Timing Requirements

2.1 Timing Relation Between HS-SCCH and HS-DSCH

The HS-SCCH carries the TFRI that is required to decode the HS-DSCH. The UE must detect and decode the HS-SCCH to find the parameters required to detect and decode the HS-DSCH. The UE requires the physical resource allocation portion of the TFRI earliest in order to be able to at least detect the HS-DSCH transmission. It is proposed that 5 timeslots is sufficient to detect and decode HS-SCCH and thus that there should be a timing requirement of 5 timeslots between HS-SCCH and associated HS-DSCH transmissions. 

The HS-SCCH for a given UE has to be in the same timeslot as or in a later timeslot than the HI for that UE.

2.2 Timing Relation Between HS-DSCH and associated HS-SICH

HS-DSCH carries the data payload in HSDPA. The UE must perform channel estimation, detect and decode the HS-DSCH transmission. Once the HS-DSCH transmission has been decoded and the ACK/NACK polarity has been determined, the HS-SICH must be formed and transmitted. 

Due to the 10ms TTI of 3.84Mcps TDD and the possibility of using 16QAM, the UE turbo decoders can be faced with a significant task (compared to either Release 99 DSCH or FDD HSDPA). It is believed that 15 timeslots is sufficient for the UE to be able to channel estimate, detect and decode HS-DSCH. A further 3 timeslots is sufficient to form HS-SICH. It is thus proposed that there should be a timing requirement of at least 18 timeslots between an HS-DSCH transmission and its associated HS-SICH.

During channel estimation, the UE is able to make a quality estimate on the received HS-DSCH. This quality estimate will be ready much earlier than the ACK/NACK decision on the HS-DSCH. It is for this reason that it was proposed in [1] that the quality estimate transmitted on the HS-SICH does not need to refer to the same HS-DSCH as the ACK / NACK signal in HS-SICH. There is no timing requirement relating to the quality estimate, however, the quality indication on HS-SICH should refer to the HS-DSCH most recently transmitted to a UE.

The reported quality indication should include quality metrics derived from the HS-DSCH most recently received by the UE. To minimise allocation latency, the quality indication should refer to the most recent portion of the HS-DSCH received. There is no need to report ISCP for each individual timeslot within an HS-DSCH transmission. Due to the bursty nature of a packet switched system, ISCP fluctuates according to traffic in other cells,. The transmissions in adjacent cells are likely to be packet switched. The amount of data transmitted in the adjacent cell in a particular timeslot will change on a frame by frame basis and as such there is thus poor correlation between ISCP in a timeslot in one frame and the ISCP in the same timeslot in a subsequent frame (this is different to the circuit switched case). It is assumed that an operator using HSDPA in one cell will be using a packet switched service on similar timeslots in adjacent cells (whether HSDPA or Release99 DSCH) and that there will thus be poor correlation between ISCP measurements in adjacent frames for timeslots allocated to HS-DSCH. Indeed it is the very nature of the low-latency H-ARQ scheme employed in HSDPA to accommodate these rapidly varying C/I conditions.

2.3 Timing Relation Between HS-SICH and HS-SCCH

The HS-SICH carries ACK/NACK signalling and quality indications from the UE to the Node B. The Node B needs to detect and decode the HS-SICH in order to make allocation decisions for the next TTI : whether to transmit or retransmit and the TFRI to apply in this next TTI.

The Node B must detect and decode the HS-SICH. Decoding HS-SICH will be straightforward due to the simple coding applied to the channel. The detection process will dominate the Node B processing required for HS-SICH. It is believed that 4 slots will be sufficient to detect and decode the HS-SICH. It should be possible to perform Node B scheduling and form HS-SCCH in 5 timeslots. The overall timing requirement is that there is a minimum of 9 timeslots between HS-SICH and HS-SCCH.

2.4 Overall Timing

Table 1 and Figure 1 summarise the timing requirements for HSDPA 3.84Mcps TDD.

	HS-SCCH to HS-DSCH
	at least 5 timeslots

	HS-DSCH to associated HS-SICH
	at least 18 timeslots

	HS-SICH to HS-SCCH
	at least 9 timeslots


Table 1 - Timing requirements for HSDPA 3.84Mcps TDD

These timing requirements have been guided by two conflicting needs : to minimise the allocation latency and to minimise UE and Node B complexity.


[image: image1]
Figure 1 - Timing requirements for HSDPA 3.84Mcps TDD

The timing requirements in this document support the HSDPA signalling scheme of Figure 2. This suggested signalling scheme reaches a compromise between allocation latency and UE / Node B complexity. The allocation latency of 22 timeslots shown in this figure should enable the Node B scheduler to make use of user channel diversity at low vehicular speeds. 


[image: image2]
Figure 2 - HSDPA Signalling Scheme Meeting Proposed Timing Requirements

3 Text Proposal for 25.858

Below is a text proposal for 25.858 encapsulating the above proposed timing requirements.

-------------------------------------8.1.3.3------------------------------------------

8.1.3.3 Timing relations for the HS-DSCH related Downlink Signalling

For 3.84Mcps TDD, HS-SCCH for a given UE has to be in parallel to or later than the HI for that UE. There is a minimum of 5 timeslots between HS-SCCH and HS-DSCH.
Figure 3 depicts the timing structure of 1.28 Mcps TDD for HS-DSCH control signalling if continuous DPCH is used. The SCCH-HS has to be in parallel or later than the latest HI in the given timeslot. There is a minimum of 2 timeslots between the SCCH-HS  and the HS-DSCH.
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Figure 3: 1.28 Mcps Timing structure for HS-DSCH downlink control signalling using continuous DPCH

Figure 4 depicts the timing structure of 1.28Mcps TDD for HS-DSCH control signalling if fractionated DPCH is used. The latest SCCH-HS  has to be in parallel or later than the latest HI timeslot shifted by (fraction rate – 1) sub‑frames.
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Figure 4: 1.28 Mcps Timing structure for HS-DSCH downlink control signalling using fractionated DPCH
--------------------------- end 8.1.3.3 -----------------------------

---------------------------8.2.3.3-----------------------------------
8.2.3.3 Timing relations for the HS-DSCH related Uplink Signalling

For 3.84Mcps TDD, there is a minimum of 18 timeslots between HS-DSCH and the ACK / NACK signal on the associated HS-SICH.
Figure 5 depicts the timing structure for 1.28 Mcps HS-DSCH uplink control signalling. There is a minimum of 8 timeslots between the HS-DSCH and associated HICH allocation.
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Figure 5: 1.28 Mcps Timing structure for HS-DSCH uplink control signalling

For 3.84 Mcps TDD, there is a minimum of 9 timeslots between HS-SICH and an HS-SCCH for a given UE.
Figure 6 depicts the timing structure for 1.28 Mcps HS-DSCH up- and downlink control signalling. This case shows a slot configuration with maximum DL timeslots.
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Figure 6: 1.28 Mcps Timing structure for HS-DSCH up- and downlink control signalling max. DL timeslots

Figure 7 depicts the timing structure for 1.28 Mcps HS-DSCH up- and downlink control signalling. This case shows a slot configuration with minimum DL timeslots. 
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Figure 7: 1.28 Mcps Timing structure for HS-DSCH up- and downlink control signalling min. DL timeslots

--------------------------------end 8.2.3.3---------------------------------

4 Conclusion

This document proposes timing requirements for HSDPA 3.84Mcps TDD. These timing requirements aim to achieve a balance between the conflicting requirements of minimum allocation latency and minimum UE / Node B complexity.

The document includes a text proposal for 25.858 incorporating the proposed timing requirements.
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