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1
Introduction
In this document, we analyze the following: 
· Impact of received PSD variation in PUCCH performance due to the lack of intra-cell power control
We will use UL ACK channel with dual-state and tri-state decoding as examples to demonstrate the performance impact throughout this document.
2

ACK Channel Structure for short CP
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UL ACK Structure –3 Pilots
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Figure 1 depicts the frame structure with 3 pilot symbols per slot. Symbols (2, 3, 4) and (9, 10, 11) are used for pilot symbols. Others are for data transmission. Within each group, Chu sequences with different shifts are used to separate users. Up to 6 users per group can be accommodated. For pilot signal, columns of a DFT matrix are used as group codes. Symbols 2, 3 and 4 are multiplied with one entry of the i-th column of DFT3 matrix for group i ( i=1, 2, or 3), respectively. Similarly, symbol 9, 10, and 11 are transmitted as pilots. For data transmission, Walsh cover with length 4 is applied at symbol 0, 1, 5 and 6 for slot 0, and 7, 8, 12 and 13 for slot 1. 
With 3 pilots per slot, we have shown in [1] that up to 18 users can be accommodated when these users have the same geometry, or equivalently when perfect power control is adopted. When the multiple users have different PSD without power control we can no longer support up to 18 users as we will show in the following sections.
3 
Simulation assumptions

This section summarizes detailed simulation assumptions used for the ACK channel analysis. 

In simulations we assume that only one user has different PSD from all the others. And the SNR of this unique user is ∆ (delta) dB lower than others.
Localized transmission with 12 pilot tones as well as data tones is assumed for data transmission. The number of transmit antenna of each user is 1. The number of receive antennas is 2. Maximum ratio combining (MRC) is used for data detection. 

Table 1 summarizes the basic system parameters for the link level evaluation.
	TTI
	1ms

	Intra-TTI frequency hopping
	Yes

	Channel estimation length
	3 pilot symbol 

	Slot duration
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512 


	Data tones per RB
	12

	Tone spacing
	15 KHz 


	Flat guard samples 
	28 chips

	Guard tones per symbol
	212 

	Pilot Ec/Ior
	0 dB

	Code Type
	Repetition

	modulation
	BPSK 

	Maximum re-transmission
	0

	Channel
	GSM TU 3, 120, 350 (kph)

	Detection
	Dual-state / Tri-state


Table 1

Evaluation Numerology
4 Simulation results and observations

First we study the impact of different PSD to the orthogonality of Chu-shifts. To separate the effects, we first consider no time-domain multiplexing.  Let N users be multiplexed in frequency domain with different Chu-shifts. The first user’s SNR is ∆ (delta) dB lower than the other N-1 with equal SNR. 
Consider N=6 users multiplexed in frequency domain. The BER performance of the first (worst) user in TU 3 channel is depicted in Figures 3. We observe that with 6 users multiplexed in frequency domain, the weak user take a much bigger impact of interference from strong users. When ∆ =3, there is already about 2dB loss compared to equal PSD performance. As ∆ increases, we can no longer multiplex 6 users in the frequency domain without proper power control or other interference management. 
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Figure 2. BER performance of worst user out of 6 multiplexed in frequency domain in GSM TU3 channel
The BER performance of the first (worst) user out of 4 in TU 3 channel is depicted in Figure 3. We observe that the as ∆ (delta) increases, performance gets worse. But when ∆ is less than or equal to 6dB we can still multiplex 4 users in frequency domain with less than 1 dB loss. When ∆ is increased to 10dB, we can not multiplex 4 users. 
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Figure 3. BER performance of worst user out of 4 multiplexed in frequency domain in GSM TU3 channel
Now let us study the impact of different PSD to the multiplexing capability in time domain. Consider 3 users multiplexed in time domain with different Walsh cover 4 for data symbols and DFT-3 columns for pilot symbols. The BER performance of the first (worst) user in TU 3 and TU120 channels are depicted in Figures 4 and 5. In TU3 channels, the impact of different PSD is small which means the orthogonality in time domain is well maintained. However, in TU120 the impact gets more significant. When ∆=3, there is about 1dB loss. When ∆ increases to 10 dB, we can no long multiplex 3 groups of users in time domain.
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Figure 4. BER performance of worst user out of 3 multiplexed in time domain in GSM TU3 channel
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Figure 5. BER performance of worst user out of 3 multiplexed in time domain in GSM TU120 channel
Consider now 2 users are multiplexed in time domain with different Walsh cover 2 for data symbols and DFT-3 columns for pilot symbols. The BER performance of the first (worst) user in TU120 and TU 350 channels are depicted in Figure 6 and 7. We observe that the loss due to different PSD is smaller compared to 3 users multiplexed in time domain due to decreased interference. In TU120, we can still multiplex 2 groups of users in time domain without significant performance loss. However, In TU350 when ∆ increases to 10 dB, there is almost 3dB loss.
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Figure 6. BER performance of worst user out of 2 multiplexed in time domain in GSM TU120 channel
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Figure 7. BER performance of worst user out of 2 multiplexed in time domain in GSM TU350 channel
Now consider 6 users multiplexed in frequency domain with the first user being the weak user. The BER performance of the first (worst) user with tri-state decoding in TU 3 channel is depicted in Figures 8. We observe that both the performance of DTX-> ACK and ACK->DTX gets worse. 
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Figure 8. BER performance of worst user out of 6 multiplexed in frequency domain with Tri-state decoding in GSM TU3 channel
4. Summary

We make the following conclusions from the simulation results:

· Without power control or other interference management, current 3-pilot ACK structure can only multiplex
· Less than 4 users in frequency domain

· At most 2 groups of users in time domain at low speed and 1 groups of users at high speed
Clearly, the multiplexing capability of ACK is severely diminished in the presence of Rx PSD variations from multiple users. This calls for a tight control on the Rx PSD from all users transmitting ACKCH.
Based on this, we propose to adopt the following for E-UTRA
· Tight intra-cell power control for PUCCH
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Figure 1. The structure with 3 pilot symbols in the middle of a slot
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