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Timing Relationship to support HSDPA Operation

1.0 Introduction

This contribution discusses the timing relationship for HSDPA uplink and discusses the timing constraint necessary at the UE receiver and the Node-B transmitter for proper operation of the HSDPA system.

2.0  Structure of the downlink control channel

The HS-DSCH indicator and HS-SHCCH data fields are specified in Table 1 assuming a TTI of 3 slots or 2msec. 

Table 1
	Parameter
	Associated DPCH
	HS-SHCCH

	
	Min 
	Prop
	Max 
	Min 
	Prop
	Max 

	UE Identification
	0
	0
	0
	
	
	

	SHCCH identification
	2
	2
	3
	
	
	

	TF
	
	
	
	9
	10
	17

	HARQ
	
	
	
	3
	8
	10

	Total
	2
	2
	3
	12
	18
	27


In summary, 2 information bits are required for the Associated DPCH and 10 information +12 CRC = 30 bits are required for the HS-SHCCH.  It may be noted that MCS, HS-DSCH power level, starting and number of codes are merged under a single parameter called Transport Format (TF) parameter whereas the 3 FHARQ parameters are be merged under a single HARQ parameter.

The proposed structure of the indicator on the associated DPCH and the HS-SHCCH is shown in Figure 1 for the case when only HS-DSCH is transmitted.  The corresponding transmit chain for the associated DPCH and HS-SHCCH is shown in Figure 2 and Figure 3 respectively. It may be noted that the associated DPCH and HS-SHCCH uses SF of 512 and 256 respectively.  The type of block code (BCH, Bi-orthogonal etc.) for the associated DPCH is TBD.  When there is no assignment for the UE, the HS-DSCH Indicator, the Reserve field in the associated DCH and the HS-SHCCH is DTX’ed.

It may be noted that the TF parameters (10 bits) are sent in the 1st slot of the HS-SHCCH using (10, 20) block codes.  The UE decodes and uses these TF parameters for HS-DSCH decoding after 1 slot.  The HARQ plus CRC bits (20 bits) are transmitted over the next two slots using (20, 40) block codes.  The CRC is formed using the UE ID, TF and HARQ parameters.  At the end of third slot the CRC is checked to find out whether the HS-DSCH transmission should be discarded or not.  The above structure allows the HS-SHCCH and HS-DSCH transmission to be overlapped thus increasing the processing time at the UE and the Node-B respectively.

3.0 Timing relationship at UE and Node-B to support HSDPA operation

It may be noted that a two step approach is used for HSDPA downlink signaling.  The two-step approach allows for separation of the indication and description of an HS-DSCH allocation. In the two-step approach, the indication is sent on a separate user-specific associated DPCH.  Upon detecting the indication on the associated DPCH, the UE then looks at the HS-SHCCH for a complete description of the HS-DSCH allocation. 

Figure 4 depicts the timing diagram of the downlink and uplink to support HSDPA operation for a 6 slot stop-and-wait HARQ protocol using a fixed TTI of 3slots.  In this case, the UE continuously despreads the associated DPCH and all the N assigned HS-SHCCH’s (where 
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).  If the UE does not detect an indication on the associated DPCH (HI symbol), the UE will continue to despread the subsequent associated DPCH and all the N HS-SHCCH and take no other action.  However if the UE detects an indication on the associated DPCH, the UE checks the indicated HS-SHCCH for a valid assignment.  If upon decoding the indicated HS-SHCCH, an error is detected in the assignment, the UE ignores the associated HS-DSCH TTI and reverts to despreading the associated DPCH.  However if the assignment is deemed valid, the UE demodulates the HS-DSCH and combines HARQ samples.  If the UE decodes the HARQ data, it will release that data to the higher layers after re-ordering to ensure in-sequence delivery and clear the HARQ buffer.  Otherwise, the UE will continue monitoring the associated DPCH and all the HS-SHCCH.  In this scheme the HS-SHCCH shared control channel is overlapped with the corresponding HS-DSCH TTI (by 1 slot), and that TF parameters and FHARQ parameters are encoded separately. It may be noted that transmitting the HI on the associated DPCH and HS-SHCCH simultaneously increases the reliability of the HS-SHCCH.

Figure 4 also shows the timing offset between the downlink associated DPCH and the uplink DPCCH.  The HS-DSCH frame commences m*256 chips after the end of the SHCCH frame (to ensure processing time for HI bits) where the value of m is TBD but should not exceed 5.  As per the diagram the uplink DPCCH is transmitted at a fixed offset of 1024+-148 chips after the start of the downlink associated DPCH frame.  The code-multiplexed uplink HS-DPCCH starts k*256 chips after the start of the uplink DPCCH with k selected by the UE such that the ACK/NACK transmission (of duration 1 timeslot) commences within +/-128 chips of 7.5 slots after the end of the received HS-DSCH.  The UE processing time is therefore maintained to within +/-128 chips of 7.5 slots (5.0 ms) as the offset between DPCCH and HS-DPCCH varies.  The ACK bit is sent on the first slot of the code multiplexed uplink HS-DPCCH.  This leaves approximately 4.5 slots-512 chips(prop delay)-256 chips (HS-DPCCH offset)-m*256 chips = 2.8 msec (TNode-B) [assuming m=0] for Node-B to perform scheduler and signal processing functions.  It may be noted that the Node-B processing time need not be specified because it depends upon the Node-B implementation. 

4.0 Conclusions

The following recommendations are made with respect to timing for HSDPA:

1. The HS-DSCH transmission is overlapped with HS-SHCCH transmission by (1 slot- m*256) chips where the value of m is TBD.  The TF and HARQ parameters associated with HS-SHCCH is encoded separately using block codes.

2. The UE decodes and uses the TF parameters for HS-DSCH after 1 slot.  However, the correctness of the TF parameters are checked using CRC after 3 slots.  If the CRC fails, the HS-DSCH transmission is deemed invalid.

3. Uplink DPCCH should as present be transmitted at a fixed offset of 1024+-148 chips after the start of the downlink associated DPCH frame.

4. To keep the UE processing time at a constant value, the code multiplexed uplink HS-DPCCH frame should be transmitted, k*256 chips after the start of the uplink DPCCH.

5. The ACK/NACK bit is transmitted on the code multiplexed DPCCH.

6. The suggested UE processing time is approximately 5.0 msec while the maximum available Node-B processing time is approximately 2.8 msec.
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Figure 1. Structure of downlink control channel
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Figure 2.  Associated DPCH Transmit Structure
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Figure 3.  HS-SHCCH Transmit Structure
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Figure 4.  Timing Diagram for HSDPA
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