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Introduction

In 3GPP RAN1 #49 meeting, the CAZAC based CQI structure on PUCCH for LTE was agreed [1], and in 3GPP RAN1 #49bis meeting, the structure A with the RS position in figure 1 is agreed for CQI transmission in PUCCH in LTE FDD  and TDD FS1 with short CP[2]. No decision yet available for CQI transmission in PUCCH in TDD FS2. In TDD FS2, due to different frame structure, the design of RS and the transmission performance can be different from that of FDD. Assuming short CP, there is 9 OFDMs per TTI, and the symbol space is much less than that of FDD, this will possibly degrade the CQI transmission performance. For the fixed 9 OFDM symbols per TDD TTI, we should make a trade-off between the number of RS and the coding rate which will both affect the transmission BLER of CQI.
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Figure 1. CQI transmission structure in PUCCH for FDD and TDD FS1

Structures and performance for CQI transmission in TDD 
Though CAZAC structure as shown in figure 1 is agreed for CQI transmission in PUCCH, whether the RS will use orthogonal cover is still an open question for both FDD and TDD. More open questions exist for TDD, e.g, the number of OFDM symbols for RS transmission and whether there should be intra-TTI hopping. In this section, we evaluated the performance of the following 3 schemes:

A. With intra-TTI hopping, without orthogonal cover for RS;

B. Without intra-TTI hopping, without orthogonal cover for RS;

C. Without intra-TTI hopping, with orthogonal cover for RS;

Main simulation parameters for link simulation are summarized in Table 1. The results have been obtained assuming practical receiver and realistic channel estimation algorithms. TU channel is assumed and the 5-bit CQI. The reason for 5-bit instead of 10-bit CQI as assumed in FDD is that the coding rate will be more than ½ with 10-bit anyway, which will make the performance very hard to be guaranteed. Nevertheless, at this moment we just take 5-bit as one assumption for studying PUCCH CQI structure purpose, the exact number of CQI bits for TDD FS2 are still FFS.
Figure 2 shows the results of the above 3 schemes with 4RS in position [2 4 6 8] OFDM symbols. In TU3 channel, CQI transmitted with scheme C gives best performance; while in TU350 channel Scheme A outperforms the others.

Figure 3 shows the results comparison of 2RS and 4RS structure. Less RS blocks gives more symbol space for CQI and allows lower coding rate, but the channel estimation performance is degraded. And as shown in figure 3, 4RS structure achieves better performance. 
Table 1. Simulation parameters

	Number of CQI bits
	5

	Channel
	TU (3 km/h, 350km/h)

	Number of RS blocks 
	2, 4

	MCS
	CC(14,5)+QPSK for 2RS case; CC(10,5)+QPSK for 4RS case;

	Receiver
	MRC

	Resource allocation
	1RB

	Frame parameters
	TDD FS2

	System bandwidth
	5 MHz


As shown by the results, each structure scheme may over-perform others in certain scenario, but not a single structure can give good performance for both low and high speed UEs. Then we propose to allow 2 structures (structure A and structure C) in TDD FS2 and multiplexing them by allocating different cyclic shifts.
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Figure 2. CQI performance with 4RS
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Figure 3. comparison of 2RS and 4RS performance for CQI transmission
Multiplexing of structure A and structure C
Figure 4 shows the example of structure A and structure C. Note that the RS position in figure 1 and 2 is just for illustration. The 2 schemes are multiplexed by using different cyclic shifts. Based on UE status measurement (e.g. speed) the NB will indicate the transmission pattern to the UE and also the cyclic shift. 

Figure 4. CQI transmission structure A and C

The indication of transmission structure will require 1 bit and can be sent via RRC or UL scheduling grant. The indication of orthogonal cover is not needed for structure A and also not necessarily required for structure C, it can be omitted by implicit indication, e.g, UE can determine the orthogonal cover index based on the control channel index:  
Orthogonal cover index= control channel index Mod 4;
Summary
We evaluated the CQI transmission structures for TDD FS2 and propose to allow 2 structures and multiplex with different cyclic shifts to guarantee satisfying performance for both low speed and high speed UEs. 1 bit structure indication should be sent to UE besides the cyclic shifts.
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