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1. Introduction 

Figure 1 shows the proposed downlink structure from [1]. The purpose of this document is a further discussion of the timing aspects for HSDPA signalling.
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Figure 1 Proposed HSDPA DL structure.

The purpose of this contribution is to propose a downlink-signalling scheme and discuss the associated timing parameters for the HSDPA scheme and particularly the staggering between the shared control channels and the high speed downlink shared channels. UE and Node B processing times are as in [1] assumed to be in the approximately 5 ms and 2.33 ms respectively.

2. Downlink signalling scheme

The downlink-signalling scheme works as follows based on Figure 1:

· While waiting for data to arrive, the UE is despreading and decoding the associated DPCH and despreading up to four different shared control channels.

· If there is data for the UE, an HI pointer on the associated DPCH indicates specifically to the UE what shared control channel it should decode in order to receive the necessary parameters for despreading and decoding of the data. The HI makes up one QPSK symbol and can support up to 4 shared control channels. When there is no data for the UE, the HI pointer is DTXed. It is assumed that enough power is applied for the HI to ensure good reliability. The power of the HI compared to the associated DPCH pilot power is signalled to the UE in higher layer signalling.

· If HI indicates that there is data for the UE, the UE starts to decode the shared control channel indicated by the pointer and stops despreading the shared control channels not indicated by the pointer.

· Once the TF parameters have been decoded, the UE is ready to start despreading and decoding the HS-DSCHs. 

· One UE-specific CRC is applied per shared control channel block. In case the CRC fails, the UE returns to despreading the associated DPCH and the required shared control channels. 

· In case there is data for the UE in consecutive TTIs, the same shared control channel shall be used for signalling as for the first TTI. This means that only one shared control channel needs to be despread and decoded in parallel with the HS-DSCHs.

3. Timing discussion
3.1. Staggering

The main reason for having staggering between the shared control channels and the HSPDSC is to reduce the complexity of the receiver. If there is no staggering between the two channel types, the UE will have to despread all channels or buffer at chip level. The prior is especially costly for the low-end terminals, since they will be required to have the despreading capabilities and memory capacity according to the maximum number of codes allowed for HSDPA even if the UE only supports decoding of a few of them. Buffering at chip level also comes at a high cost since one then is required to buffer a chip stream of 3.84 Mchips per second, I and Q. Additionally, these symbols need to be oversampled.

In order for the staggering to have any effect in lower complexity, i.e. lowered despreading and buffering, the following is relevant for the downlink signalling scheme specified in the previous section:

· The staggering must be large enough to ensure that the HI can be decoded before start of the HS-DSCHs. The associated DPCH has unsynchronised timing. This means that there can be up to one slot delay between the start of the HSDPA TTI and the associated DPCH start. Because of this, the staggering needs to be one slot plus the time from the start of the associated DPCH slot to the HI’s position in the slot plus the decoding time for the HI. 

· The staggering must be large enough in order for the necessary information about the codes it is supposed to despread to arrive before the start of the HS-DSCH frame. This information should be positioned in the beginning of the block. The size of this information is TBD, but will probably fill up to 1 ½ slots.

From the above, it is clear that the staggering needs to be more than 1 ½ slots. We propose that the staggering is set to 2 timeslots, i.e. one slot overlap between the shared control channels and the HS-DSCHs.

3.2. Uplink HS-DPCCH timing

The timing of the HS-DPCCH needs to be tied to the timing of the UL DPCCH in order to avoid the Node-B having to do a separate search for the HS-DPCCH. This can be done by timing the start of the HS-DPCCH to the smallest multiple of 256 chips from the start if the UL DPCCH that gives a TUEP of at least 5ms.

3.3 Timing budget

Figure 2 shows the timing budget for the HARQ process.
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Figure 2 HSDPA timing budget

From Figure 2, we get the following round-trip delay for the ARQ process:

Tround trip= THS-DSCH CTRL  + THSDPA TTI + TUEP + T256 + 2Tprop + TACK + TNBP
Where the parameters are defined as follows:

THS-DSCH CTRL

Staggering between shared control channels and HS-DSCH.

THSDPA TTI


Length of HSDPA TTI.

TUEP



UE processing time.

T256



Offset in start of ACK/NACK burst due to synchronising with UL DPCCH (0-255 chips).

Tprop



Propogation delay

TACK 



Length of ACK block

TNBP



Node B processing time

Assigning values to the parameters we get the following:

	Parameter
	2 slot staggering timing budget

	THS-DSCH CTRL 
	1.33 ms

	THSDPA TTI (3slots)
	2.00 ms

	TUEP
	5.00 ms

	TUNC (256 chips)
	0.07 ms

	2Tprop
	0.04 ms

	TACK (1 slot)
	0.66 ms

	TNBP
	2.33 ms

	Tround trip
	11.44 ms

	Required N for ARQ process
	6


As seen from the time budget there is still time left over when having 6 HARQ processes. We propose to add this time to the Node B processing time, giving the following parameter values:

	Parameter
	Value

	TUEP
	5.00 ms

	TNBP
	2.80 ms

	THS-DSCH-CTRL
	1.33 ms


The Node B processing time of 2.80 ms is only a requirement in networks supporting continuous HSDPA transmission to one UE.

4.Recommendation 

It is recommended that the staggering between the shared control channels and the HS-DSCH is set to 2 slots. The UE and Node B processing times are specified to 5 ms and 2.8 ms respectively.

5. References

[1]
" HSDPA DL channel structure", Nokia, TSG-R1-01-0827 (2001).

6. Text proposal

Text proposal for TR 25.858, section 8.1.1.

-------------------------------------------------------------------------------------------------------------------------

8.1.1 Overall Structure

Figure 2 illustrates the basic physical-channel structure for the HS-DSCH-related associated downlink signalling as seen from the UE point-of-view. It consists of a downlink DPCH and a number of Shared Control Channels. A maximum of four of these M channels can be used to signal to one particular UE. The UE shall be informed through higher layer signalling about on which of the shared control channels signalling for it will arrive. When the UE is waiting for data, it shall decode the associated DPCH and be prepared to decode any of the up to four shared control channels assigned to it. When there is data for the UE on the HS-DSCHs in consecutive TTIs, the same shared control channel shall be used for signalling to the UE. This means that during reception of data on the HS-DSCHs, the UE shall only be required to despread and decode one shared control channel in addition to the associated DPCH and the HS-DSCHs. 
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Figure 2.  Basic physical-channel structure for HS-DSCH-related associated downlink signalling

-------------------------------------------------------------------------------------------------------------------------
Text proposal for TR 25.858, section 8.1.2.

-------------------------------------------------------------------------------------------------------------------------Downlink DPCH

The downlink DPCH carries an HS-DSCH Indicator (HI), in addition to non-HS-DSCH-related physical-layer signalling and DCH transport channels. The HI consists of two information bits that indicate the Shared Control Channel that carries the HS-DSCH-related signalling for the corresponding UE. The HI is transmitted in every third slot. If no Shared Control Channel carries HS-DSCH-related signalling to the UE, the HI is not transmitted (DTX). As an example, if the HI is transmitted as one QPSK symbol, the possible signalling points are as in Figure 4.
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Figure 4. Example of coding of HI. 
Pi indicates Shared Control Channel #i (i ({1, 2, 3, 4}). P0 indicates that no Shared Control Channel 
carries HS-DSCH-related signalling information to the UE. 

The power of the HI compared to the associated DPCH pilot power is signalled to the UE through higher layer signalling.
Editorial: The timing relations section is proposed moved to a new timing section as shown below. This will later be added to chapter 7 in 25.211.
8.3.
Timing relations for HS-DSCH-related signalling
8.3.1
Downlink DPCH/HS-DSCCH/HS-DSCH timing relation
Figure 5 illustrates the timing structure for the downlink HS-DSCH control signalling. The fixed time offset between the Shared Control Channel information and the start of the corresponding HS-DSCH TTI equals (HS-DSCH-control set to 2(Tslot, where Tslot is equal to 2560 chip ((0.67 ms)..  The time offset between the DL DPCH slot carrying the HI and the start of the Shared Control Channel information can vary in the interval [0, Tslot] depending on the timing of the downlink DPCH. Figure 4 illustrates the two extreme cases of the timing of DPCH vs Shared Control Channel.
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Figure 5. Timing structure for HS-DSCH control signalling

8.3.2
Uplink DPCCH/HS-DPCCH timing relation

Figure 6 illustrates the timing structure for the uplink DPCCH and the ACK/NACK transmission on the HS-DPCCH. The position of the HS-DPCCH ACK/NACK is tied both to the HS-DSCH and UL DPCCH. The earliest possible start of the HS-DPCCH ACK/NACK transmission is at the end of the UE processing time, (UEP, which is set to 5 ms. In addition, the time period between start of the DPCCH and the HS-DPCCH ACK/NACK shall be a multiple of 256 chips. This means that the start of the HS-DPCCH ACK/NACK is within the first 256 chips after the end of (UEP. The multiple, k, can be computed by the Node-B, based of the timing relations between the DL associated DPCH and the HS-DSCH and between the DL associated DPCH and the UL DPCCH.
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Figure 6. Timing structure at UE for UL HS-DPCCH control signalling

DRAFT


_1060618494.doc


Downlink DPCH







Shared Control Channel #1







Shared Control Channel #2







Shared Control Channel #M







Node B







UE












_1064995194.doc


HI







Downlink DPCH�(“maximum early”)







Downlink DPCH�(“maximum late”)







Shared Control Channel







HI







Tslot (0.67 ms)







HS-DSCH







3(Tslot (2 ms)







HS-DSCH TTI (2 ms)







(HS-DSCH-control (2(Tslot)







HI







HI












_1065441427.vsd

_1065510562.doc






A/NA







Uplink DPCH







HS-DSCH at UE











Tslot (.67 ms)







Uplink HS-DPCCH







3(Tslot (2 ms)







(UEP (7.5(Tslot = 5 ms)







k(256 chips











0-255 chips












_1060637095.doc


P1 (+1 +1)







P2 (-1 +1)







P4 (-1 –1)







P3 (+1 –1)







P0 (0 0)












_1054454430.doc



DOCUMENTTYPE



1 (1)













TypeUnitOrDepartmentHere









TypeYourNameHere

TypeDateHere









[image: image1.bmp][image: image2.bmp][image: image3.bmp]

FHARQ parameters







TF parameters: starting point of the code tree, number of code channels, MCS, code pwr level







T control = 1 slot







Unsynchronised 



timing of UEs: 



within 2 slots







Associated 



DPCH







Parameters







 UE id, SHCCH id







Shared control channel, split in 2 parts







 T DL_control=6slots







HS-DSCH







TTI = 3slots











_935227290.doc







