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1 Introduction
In this document, we evaluate the link performance and multiplexing capability of CQI channels.

Two different formats are considered:

· One pilot symbol per slot
· Two pilot symbols per slot

CQI channels from different users are multiplexed in CDM using different shifts of Chu sequences. The multiplexing order we considered are:

· 1 user per TTI

· 6 users per TTI

· 12 users per TTI

We evaluate the block error rate (BLER) performance of UL CQI channels in GSM TU channels and identify the maximum number of users which can be multiplexed within one RB. 

2 UL CQI Channel Structure 

2.1. One pilot symbol per slot

Let M denote the number of users per RB per TTI. Each user is assigned with a different shifted version of Chu sequence as his user code so that these codes from different users are orthogonal over frequency. Cyclic shift hopping based structure as described in [1][2] should be used across different data symbols. Each user could transmit 12 symbols within one RB. QPSK is used in the current simulation study. With 8 CQI information bits, (24, 8) error correction code punctured from Reed-Muller (32, 10) codes is used. 

Figure 1 depicts an example with M=6 users with intra-TTI frequency hopping, where symbols 3 and 10 are pilot symbols, and others are data symbols. Pilot or data symbols from different users are orthogonal to each other based on the properties of shifted Chu sequences. Channel estimation is performed per slot, while data symbol detection is done per TTI. We aim at improving performance by exploiting the frequency diversity. 
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Figure 1. Example of 6 CQI channels within 1 TTI, with 1 pilot symbol per slot and intra TTI hopping

2.2. Two pilot symbols per slot

In addition to the current 1 pilot symbol slot structure, we also evaluate the performance of CQI channel by adding one more additional pilot. In the coherent detection, the accuracy of channel estimation has big impact on the performance, by adding one more pilot, we can significantly improve the channel estimation accuracy. 
Figure 2 depicts an example of this structure, where each slot has two pilot symbols. Intra TTI hopping is considered. While channel estimation is performed per slot, data symbol detection is done per TTI. 
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Figure 2. Example of 6 CQI channels within one TTI, with 2 pilot symbols per slot and with intra TTI hopping

In this structure, there are 10 data symbols within one TTI, therefore only 10 coded-symbols of each user could be transmitted and the rate of the error correction code is (20, 8). Punctured (32, 10) Reed Muller code is used in this study.
3 Simulation Setup

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

Localized transmission with 12 pilot tones as well as data tones is assumed. 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. Within each resource block (RB) of 12 tones, M CQI channels can be multiplexed, each of which carries 8 information bits. Coherent detection is considered in this evaluation. Intra-TTI frequency hopping (FH) is applied to exploit frequency diversity.

3.1. Numerology and Other Simulation Assumptions
Table 1 summarizes the basic system parameters for the link level evaluation.
	TTI Configuration
	Long RS Structure

	TTI
	1ms

	Intra-TTI frequency hopping
	yes

	Channel estimation length
	1, or 2 pilot symbols – coherent

	Slot duration
	0.5 ms

	Symbols / Slot
	7

	FFT size
	512

	Data tones per RB
	12

	Tone spacing
	15 KHz

	Flat guard samples

(Number of symbols)
	28 chips

	Guard tones per symbol
	212

	Pilot Ec/Ior
	0 dB

	Code Type
	Punctured Reed Muller (32,10)

	modulation
	QPSK – coherent

	Maximum re-transmission
	0

	Channel
	GSM TU 30 (kph)


Table 1

Evaluation Numerology
3.2 Simulation Results and Observations
The BLER performances with intra-TTI FH in GSM TU30 channel are depicted in Figures 3, 4 and 5.

We simulated multiplexing of 6 users with 1 pilot symbol and 2 pilot symbols per slot. The gap between BLERs of 1 pilot symbol and 2 pilot symbols cases is about 1.5dB, which indicates that channel estimation is the bottleneck in CQI detection. 

We also simulated multiplexing of 12 users with 1 pilot symbol, 2 pilot symbols per slot. 12 users are multiplexed by shifted 12-length Chu sequence. From the simulation, we observed, orthogonal sequences generated by 1 shifts of a 12-length Chu sequence can’t reject multi-user interference effectively in TU channels. Channel estimation with 2 pilot symbols helps but the results are still not satisfactory. In this case the multi-user interference is the dominant factor.

To investigate the multi-user interference rejection capability of 6 users, we simulated transmission of 1 user with 1 pilot symbol, 2 pilot symbols per slot.  Each coded-symbol of this user is spread by 12-length Chu sequence. Code rate of this user is still (24, 8) for 1 pilot symbol case and (20, 8) for 2 pilot symbols case. We can see from the simulation for all cases, the BLER gap between 1 user case and 6 users case is less than half dB, which indicates that the multi-user interference rejection is pretty good for 6 orthogonal sequences generated by 12-length Chu sequence.  
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Figure 3. Performance comparison with various degrees of multiplexing for 1 pilot per slot structure
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Figure 4. Performance comparison with various degrees of multiplexing for 2 pilot per slot structure
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Figure 5. Performance comparison between different slot structures

4 Summary

We evaluated uplink CQI channel error performance with joint FDM/CDM among users for TU30 channel. Simulations show that enhancing the channel estimation by adding one more pilot symbol per slot improves the FER performance by 1.5dB. 
Based on these results, we propose to adopt the following:
· CQI transmissions from up to 6 users can be supported within 1RB and 1 TTI
· Two RS per slot for CQICH when using short CP
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Appendix

In this section, we present the performance results for CQI channel with different mobile speeds up to 120 km/hr. As shown in Figure 6, the CQI channel performances with GSM TU30, TU3 and TU120 channels are similar.
[image: image6.emf]2 4 6 8 10

10

-4

10

-3

10

-2

10

-1

10

0

Es/Nt

BLER

Performance of 8 info-bits CQI estimation for 6 users

TU30

TU3

TU120


Figure 6. Performance comparison with different channel speeds
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