3GPP TSG RAN WG1#50
Tdoc R1-073279
Athens, Greece 
20th – 24th August 2007
Agenda Item:

7.2.3
Downlink Control Signalling
Source:

IPWireless, NextWave Wireless
Title:


Dimensioning of TDD PHICH 
Document for:
Decision
1. Introduction

It was agreed on PHICH transmission in RAN1#49bis that 

· “Map ACK/NAK on 1 or 3 OFDM symbols for one ACK/NAK channel

· Number of OFDM symbols is semi-statically configurable

· ACK/NAK duration puts a lower limit on the value signalled on PCFICH

· For TDD case where larger number of ACK/NAK may be needed at a time (depending on UL/DL configuration), the number of OFDM symbols may exceed 3 symbols”.
In this paper we investigate whether more than 3 OFDM symbols (OS) are actually needed for FS1 TDD via system level simulations. 

2. TDD PHICH Capacity Requirement 
In this section the worst case ACK/NAK requirement is predicted. 
2.1. Number of VoIP UE per TTI

The VoIP capacities for case1 and case3 from the stage 2 performance verification are given in Table 1 [1]. It can be seen that the VoIP capacity is UL limited for FDD or TDD with symmetrical UL and DL allocations. However, it may not be the case for TDD with UL oriented allocations, which will be taken into consideration in the next section. 
Table 1 Average VoIP capacity for 5MHz BW from stage2 performance verification
	Deployment Scenario
	Average VoIP Capacity (users/sector)

	
	DL
	UL

	Case1
	317
	241

	Case3
	289
	123


2.2. Number of dynamically scheduled UE per TTI

The number of dynamically scheduled (non-voice) UE that LTE should support per TTI depends on the bandwidth. It is suggested in [2] that for 10MHz UL the optimal number is 12 and similar figures are also found for DL in [3][4][5]. We scale the number for 5MHz and 20MHz as in Table 2. 

Table 2 Optimal number of dynamic scheduled UE
	
	5 MHz
	10 MHz
	20 MHz

	Number of UE per TTI
	6
	12
	24


2.3. Total number of required ACK/NAK per TTI

The worst case PHICH requirement is dependent on the framing allocation. Only the UL oriented framing allocations should be considered because they are most demanding in terms of DL ACK/NAK. All possible UL oriented allocations in a 5ms period are listed in Figure 1 and corresponding ACK/NAK requirements are given in Table 3 and Table 4, respectively. The calculations have been performed as follows:
1)  The total number of ACK/NAK required in a DL period is equal to the total number of VoIP and dynamic scheduled UE in the corresponding UL period. 
2) The required ACK/NAKs can be evenly distributed amongst available DL TTIs. 
3) The VoIP capacity is DL limited with the exception of the allocation (2) in case3. 
4) As the number of VoIP UEs can be supported per TTI is much larger that of the dynamically-scheduled UEs, we firstly allocate as many VoIP UE as possible and then allocate the rest of the UL T/F resources for dynamically-scheduled UE. This produces the worst-case ACK/NAK scenario. Note that the VoIP capacities from Table 1 should be scaled down as they are based on 10 TTI per radio frame. 
It can be seen from Table 3 and Table 4 that allocation (1) is the worst case and therefore will be used in system level simulations. 
Note that the capacities of VoIP and dynamically-scheduled UE derived from FDD take PDCCH resource consumption into account and therefore they may only be valid for TDD with symmetrical DL and UL. It is unclear for the extreme UL oriented allocation like (1) that they are still optimal in terms of overall throughput. This is because in order to support the same capacity, the percentage of DL control signaling overhead would increase significantly. Nevertheless, these numbers can be served as an upper bound for the TDD ACK/NAK requirement. 
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Figure 1 framing allocations during a 5ms period
Table 3 Number ACK/NAK per DL TTI for allocation (1)

	
	5 MHz
	10 MHz
	20 MHz

	A/N per TTI with case 1
	47
	94
	188

	A/N per TTI with case 3
	38
	56
	122


Table 4 Number ACK/NAK per DL TTI for allocation (2)

	
	5 MHz
	10 MHz
	20 MHz

	A/N per TTI with case 1
	35
	70
	140

	A/N per TTI with case 3
	15
	30
	60


3. Link Level Performance
The current working assumption on PHICH is based on CDM+FDM. The FDM provides frequency diversity while the CDM provides robustness against interference. 3 or 4 time repetition for FDM and SF4 for CDM are good choices according to [6] [7] and [8].
Following these assumptions, Figure 2 illustrates the ACK/NAK BER performance with 10MHz bandwidth, receiver diversity and ideal channel estimation. It can be seen that the difference between 3 and 4 time repetition is marginal, i.e. < 0.6dB. Therefore 3 time repetition is chosen for better use of the code space.

Adding a 1.5dB implementation loss, the Eb/No required to achieve BER=1e-3 is about 7.3dB, which will be used in system level simulations in the following section. 
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Figure 2 ACK/NAK performance with SF4, and 3 or 4 time repetition

4. System Level Simulations 
The following assumptions are made in system simulations:
1) 1/6th of the total physical resource elements (PRE) are used for reference signal (RS) in the 1st OS. 
2) PCFICH takes 16 PRE in the 1st OS. 
3) 3dB power boosting on PCFICH and RS is implemented by puncturing a corresponding number of data PRE. 
4) The number of available PRE for PHICH in an OS is listed in Table 5 for different bandwidths.
5) Perfect long-term power control is assumed for all UEs.
6) UEs are uniformly distributed in a cell. 

7) The numbers of ACK/NAK to support are as defined in Table 3.
8) 57 cells are simulated according to the definitions of case 1 and 3 in TR 25.814.
It can be seen from Figure 3 and Figure 4 that the number of OS required is almost never higher than 1.4. The current working assumption of up to 3 OS would provide sufficient margin. 
Table 5 Number of available PRE 
	
	5 MHz
	10 MHz
	20 MHz

	Total PRE per OS
	300
	600
	1200

	Number of data PRE in the 1st OS with power boosting
	300*4/6-32=168
	600*4/6-32=368
	1200*4/6-32=768

	Number of data PRE in other OS 
	300
	600
	1200
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Figure 3 CDF of number of OS required for different bandwidths with Case1
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Figure 4 CDF of number of OS required for different bandwidths with Case3

5. Conclusions

We have investigated how many OS are required for PHICH in FS1 TDD via system simulations. According to the presented results, more than 3 OS for PHICH is unnecessary for FS1 TDD.
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