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1. Introduction

This document evaluates the timing and signaling issues for 3.84 Mcps TDD HSDPA. The supporting analysis considered a number of transmission length and timing relationships and the following conclusions were reached.

1) The TTI should be 10 milliseconds; i.e. one HICH time slot per frame.

2) Assuming a mix of voice and data users a practical allocation is to assign eight active slots per frame to be used by the Node B for high speed downlink transmissions. However, for data only solution, with HSDPA capable UEs, number of active HS-DSCH could be increased. Examples are shown for time slot allocation among all functions over a frame.

3) Within the assigned DL HSDPA time slots, a subset of time slots and a subset of codes may be assigned to a specific UE, while assigning different subsets to other UEs.  The downlink signaling should support this.  

a. Within these general guidelines a number of time slot partitioning options were considered.

4) All of the transmission length and TTI options considered in this analysis were shown to require no more memory than that required by a comparable FDD HSDPA-capable UE.  Therefore, with proper design, a UE may support HSDPA in either mode with no additional memory.

2. Selection of Transmission Length

To determine a TTI size, we consider the following TTI length options: 2 ms, 3.33 ms, 6.67 ms, and 10 ms TTI (3xTslot, 5xTslot, 10xTslot, and 15xTslot respectively) as seen in Table 1. 

Due to the time-slotted nature of TDD, we introduce the definition of Active HS-DSCH Transmission time (ATT), which indicates the number of timeslots carrying HS-DSCH in a TTI. ATT slots are flexibly allocated within its corresponding TTI. One should note that all 15 timeslots in a 10 ms radio frame couldn’t be allocated for HS-DSCH. In each TDD radio frame carrying HS-DSCH the following channels could be allocated: associated DL DPCH(s), HS-FACH(s), HICH, UL DPCH(s) and RACH, P-CCPCH, and S-CCPCH. Note that some of the channels may share the same timeslot. 

Table 1. Candidate TTI lengths for TDD HSDPA

	TTI Options
	TTI

 (ms)
	Maximum ATT

(Tslot)

	TDD
	
	

	Mode A
	10
	8

	Mode B
	6.67
	6

	Mode C
	3.33
	3

	Mode D
	2
	2

	FDD
	
	

	TTI = 2 ms
	2 
	3


2.1. Timing Relationship

The timing relationship for the individual TTI option is discussed to make comparisons among them. N-channel Stop-and-Wait (SAW) HARQ is assumed, where N is the number of HARQ processes and determined in terms of a given TTI and its corresponding HARQ cycle time. In the following, the HARQ cycle time and the number of HARQ processes are evaluated for considered TTI options.

2.2. HARQ Cycle Time and Number of HARQ Processes

The HARQ cycle time, THARQ_Cycle_Time, includes both UE processing time and NodeB processing time, and is given by

THARQ_Cycle_Time = TNBP_Tx  +  2*Tprop + TUE_proc_HSFACH + THSDSCH_TTI + TUE_proc_HSDSCH + THICH + TNBP_rx
Where, 

	  TNBP_Tx:
	NodeB processing time in preparing for HS-FACH

	  Tprop:
	Propagation delay

	  TUE_proc_HSFACH:
	UE processing time in receiving and processing HS-FACH

	  THSDSCH_TTI:
	Time needed to collect the HS-DSCH 

	  TUE_proc_HSDSCH:
	UE processing time in processing HS-DSCH and deriving ACK/NACH

	  THICH:
	Length of HICH block

	  TNBP_rx:
	NodeB processing time in processing HICH (ACK/NACK) and scheduling associated HARQ process


Table 2 indicates the realistic implementation processing times assumptions: 

Table 2. Timing budgets for timing parameters

	Parameter
	Timing budget

(Tslot)

	TNBP_Tx
	1 

	2* Tprop
	0 

	TUE_proc_HSFACH   
	2 

	THSDSCH_TTI
	2, 5, 10, or 15 

	TUE_proc_HSDSCH
	Varying with Modes and MCS levels

	THICH
	1 

	TNBP_rx
	3 


Table 3 shows the HARQ cycle time for the different TTI options (Modes) and MCS levels, using 14 codes per time slot.

Table 3. HARQ cycle time

	
	
	Mode A
	Mode B
	Mode C
	Mode D

	Modulation
	Code rate
	Maximum TrCH block set size
	HARQ    cycle time
	Maximum TrCH block set size
	HARQ cycle time
	Maximum TrCH block set size
	HARQ    cycle time
	Maximum TrCH block set size
	HARQ    cycle time

	
	
	(bits)
	(Tslot)
	(bits)
	(Tslot)
	(bits)
	(Tslot)
	(bits)
	(Tslot)

	64
	3/4
	69552
	42
	52164
	32
	26082
	20
	17388
	15

	16
	3/4
	46368
	35
	34776
	27
	17388
	17
	11592
	14

	16
	1/2
	30912
	31
	23184
	24
	11592
	16
	7728
	13

	4
	3/4
	23184
	29
	17388
	22
	8694
	15
	5796
	12

	4
	1/2
	15456
	27
	11592
	21
	5796
	14
	3864
	11

	4
	1/4
	7728
	25
	5796
	19
	2898
	13
	1932
	11


The following should also be noted:  Suppose the transport block size is 320 bits, the supportable rate is 960Kbps and there are 1280 bits  (4 transport blocks of size 320 bits each) in the user buffer. With a 2 time slot ATT in a 2ms TTI, these bits will be transmitted as four transport blocks over one TTI. With 10ms TTI having 8 time slot ATT, if time multiplexing of UEs within the HS-DSCH TTI is not possible, a total of 5120 bits will have to be transmitted. Having only 1280 bit to transmit, the resources will not be efficiently utilized. However, with time multiplexing of UEs within the HS-DSCH TTI, only 2 time slots out of 8 will be used for the intended UE, and the rest will be allocated to different process/UE. 

Based on the evaluated HARQ cycle time, we evaluate the number of HARQ processes for each TTI option and MCS level. The number of HARQ processes, N, is given by

N = (HARQ_cycle_time/TTI_length(
Where (x( represents the smallest integer number greater than or equal to x.

Table 4 provides the number of HARQ processes as a function of the TTI length for TDD and the MCS level. 

Table 4. Number of HARQ processes

	Modulation
	Code rate
	Number of HARQ process, N,

	
	
	Mode A
	Mode B
	Mode C
	Mode D

	64
	¾
	3
	4
	4
	5

	16
	¾
	3
	3
	4
	5

	16
	½
	3
	3
	4
	5

	4
	¾
	2
	3
	3
	4

	4
	½
	2
	3
	3
	4

	4
	¼
	1
	2
	3
	4


Note that the computed number of HARQ processes given in Table 4 cannot always be achieved in realistic scenarios in TDD, due to some limitation on TDD (UL/DL) timeslot allocation. The realistic values for N can be obtained using a timing diagram for each case.

2.3. Timing Relation

Figure 1 through Figure 4 show the TDD HSDPA timing diagrams examples for the different TTI options. The evaluated values of the processing times/delays given in Table 2 are used in the timing diagrams. We assume all the available time slots in a TTI for HS-DSCH is allocated to a single UE . As specified in [4], P-CCPCH is allocated in one timeslot every 10 ms radio frame (in the figures TS#0). For the timing diagrams examples, the following assumptions are made:

· The associated DL DPCH carrying HI can co-exist with HS-FACH in a common timeslot.

· One frame-repetition for the HI on the associated DCH channel is assumed.

· Active HS-DSCH transmission time in TTI could be assigned to a single or more radio frame. 

· As proposed in [2], P-CCPCH based DL quality information may be signaled on HICH to the NodeB.

· The maximum transport block size, using 64 QAM with ¾ rate coding for each case is assumed.  It is recognized that this may not be part of the Release 5 features.

· Each HARQ process is identified with color in the timing diagrams. 
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Figure 1. TDD HSDPA timing diagram for 10 ms TTI
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Figure 2. TDD HSDPA timing diagram for 6.67 ms TTI
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Figure 3. TDD HSDPA timing diagram for 3.33 ms TTI
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Figure 4. TDD HSDPA timing diagram for 2 ms TTI

As observed, in 10 ms TTI the number of HARQ processes based on the timing diagram matches with that based on computation (see Table 4). However in other TTI options (including 6.67, 3.33, and 2 ms TTI) the corresponding values are less than computed values due to the less efficient use of resources. For example, for 2 ms TTI the timing diagram has two HARQ processes per HARQ cycle time, while the computation number is five. The main reason for the difference is that due to the (time-multiplexed) slotted nature in TDD, not all 15 timeslots in a radio frame can be allocated to the HS-DSCHs. For instance, HS-FACH and HICH cannot co-exist in the same timeslot (even HS-FACH cannot co-exist with HS-DSCH in the same timeslot). 

According to the timing diagrams for each TTI option, the 10 ms TTI is the most attractive from maximum data rate point of view. That is, the 10 ms TTI provides highest spectral efficiency as indicated in Table 5.

Table 5. Buffer/memory requirements and data rate
	
	Maximum

Data Rate
	Spectral Efficiency

	
	(Mbps)
	(bits/s/Hz)

	TDD
	
	

	Mode A: TTI=10 ms      (1 TTI in 10 ms)
	6.95
	1.8

	Mode B: TTI=6.66 ms   (1 TTI in 10 ms)
	5.21
	1.4

	Mode C: TTI=3.33 ms   (2 TTI in 10 ms)
	5.21
	1.4

	Mode D: TTI=2ms         (2 TTI in 10 ms)
	3.47
	0.9

	FDD
	
	

	TTI = 2 ms                     (5 TTI in 10 ms)
	10.8
	1.4


2.4. Buffer/Memory Requirements

Buffer requirement is one of the most important factors when making a decision on TDD HSDPA TTI, since it directly related to UE capability. As in [1], we look at the memory requirements at two places: the HARQ combining buffer and the memory at the input of Turbo decoder. For N-channel SAW HARQ, the L1 buffering for Chase combing can be expressed as

Buffer_size = NcodedSymsInTTI * N

where NcodedBitsInTTI is the number of coded symbols in TDD HSDPA TTI and N is the number of HARQ processes.

If buffering is done on demodulated bits, the required memory size at the input of the Turbo decoder is given by

Memory_size = NcodedSymsInTTI * N*W

where W  is the number of bits per modulation symbol.

Table 6 shows the buffer/memory requirements and the maximum data rate for the considered TDD TTI options when 64 QAM with ¾ rate coding is applied to the HS-DSCH. The numbers of HARQ processes used for computations of Table 5 are based on realistic timing scenarios and not the theoretical values presented in the Table 4. For reference, FDD case is included assuming 2 ms TTI, where the number of HARQ processes (N) is equal to 6.

Table 6. Buffer/memory requirements and data rate
	
	Maximum Buffer

(soft combining stage)
	Maximum Memory  (Turbo decoder input)
	Maximum

Code Rate
	Maximum

Data Rate

	
	(ksymbols)
	(kbits)
	(Mbps)
	(Mbps)

	TDD
	
	
	
	

	Mode A: TTI=10 ms

(1 TTI in 10 ms)
	46.37
	278.21
	9.27
	6.95

	Mode B: TTI=6.66 ms

(1 TTI in 10 ms)
	23.18
	139.10
	6.95
	5.21

	Mode C: TTI=3.33 ms

(2 TTI in 10 ms)
	11.59
	69.55
	6.95
	5.21

	Mode D: TTI=2ms

(2 TTI in 10 ms)
	7.73
	46.37
	4.63
	3.47

	FDD
	
	
	
	

	TTI = 2 ms

(1 TTI in 10 ms)
	57.6
	345.6
	14.4
	10.8


From the above table, one can conclude,

· The 10 ms TTI requires the largest buffer/memory size. However the buffer/memory size for TDD 10 ms TTI is less than the FDD value.

· The peak data with FDD is about 1.5 times that with TDD at the expense of twice spectrum bandwidth. That is, TDD can achieve comparable spectral efficiency to that of FDD.

3. Conclusions

Based on the discussion above, it is recommended to use 10 ms TTI for TDD HSDPA, which provides highest spectral efficiency and allocation flexibility with the buffer/memory requirement comparable to that of an FDD UE.
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