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1 Introduction

In RAN1#68 bis and RAN1#69, a few contributions on the design choices of HS-DPCCH were presented [1]-[5].  Mainly two design options seems favourable, one is using time multiplexed CQI/PCI/RI in two subframes and the other conveying CQI/PCI/RI in one subframe. Though each proposal has its own merits and demerits, we feel that impact of feedback cycle on the link performance facilitates the design as some questions were raised the performance loss of time multiplexing proposal as it introduces delay in CQI reporting.
In this contribution, we evaluate through link simulations the impact on feedback cycle on 2 codeword MIMO system. 
2 Simulation Results

We investigated the link performance on 2 codeword MIMO with four transmit and four receive antennas with different reporting periods. The main objective of these simulations is to quantify the loss in terms link throughput with reporting delay. The link simulations are carried out with link adaptation, where the rank, PCI, modulation, coding rate and the transport block size are dynamically updated for each TTI.  We analyzed the results with perfect channel estimation as well as with realistic channel estimation. In our simulations we assume correlation at both transmit and receiver side is equal to zero.  For link adaptation, UE chooses the PCI, RI and MCS based on maximization of Shannon capacity. The feedback is assumed to have 3 TTI delays and is assumed to be error free. Simulations are run for a UE with different geometry factors and the wireless channel assumed is Pedestrian A channel. The velocity of the mobile is assumed to be 3 Kmph.  The main simulation parameters are tabulated in Table 1 in Appendix A.   
A. Ideal Estimation 
Figure 1 shows the link throughput in Mbps as a function of reporting period for 3 geometries.  As expected as we increase the reporting period the performance degrades as the channel is outdated.  We can observe that the performance loss is negligible for reporting periods 2 or 4 TTI for higher geometries, while lower geometries can tolerate more reporting delay.
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Figure 1 Throughput for 4x4 MIMO system with respect to reporting period with ideal channel estimation.
B. Realistic Estimation 
Figure 2 shows the link throughput in Mbps as a function of reporting period for 3 geometries with realistic channel estimation. Similar to ideal channel estimation, in this case too as we increase the reporting period the performance degrades as the channel is outdated.  We can observe that the performance loss is negligible for reporting periods 2 or 4 TTI for higher geometries, while lower geometries can tolerate more reporting delay.
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Figure 2 Throughput for 4x4 MIMO system with respect to reporting period with realistic channel estimation
Figure 3 shows the % loss with respect to the ideal reporting for every TTI for high geometries. It can be seen that with 4 TTI reporting period the percentage loss is less than 2% for ideal estimation and less than 4% with realistic channel estimation. Hence we observe that the loss is very minimal if we increase the reporting period to 2/4 TTI. Hence time multipelxing
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Figure 3  Percentage  loss with respect to ideal reporting
Proposal 1: Minimum reporting interval of 4 msec or 2TTI for single carrier HS-DPCCH solution.

Proposal 2: Minimum reporting interval of 8 msec or 4TTI  for four carriers HS-DPCCH solution.

3 Summary and conclusions

In this contribution, we analyze the performance of four branch MIMO system with different reporting periods. With Ideal channel estimation the performance loss is very minimal if we increase the reporting period to say 4 TTI (less than 2%), while with realistic channel estimation the loss is less than 4%. Hence we recommend:
Proposal 1: Minimum reporting interval of 4 msec or 2TTI for single carrier HS-DPCCH solution.
Proposal 2: Minimum reporting interval of 8 msec or 4TTI  for four carriers HS-DPCCH solution.
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Appendix A

Table 1 Link level simulation assumptions

	Parameter


	Assumption

	Carrier frequency
	2GHz

	Samples per chip
	2

	Number of codewords 
	 2

	Layer mapping
	As agreed in RAN1

	HS-DSCH Ec/Ior
	Fixed

	Geometry (Îor/Ioc)
	0 to 20 dB

	TBS table
	Ideal

	Modulation
	QPSK, 16 QAM and 64 QAM

	Receiver structure
	Type 3 (MIMO capable LMMSE) 

	Channel estimation
	Ideal , realistic

	Searcher
	Ideal

	Propagation channel types
	Baseline: Ped A 3km/h 

	Tx and Rx antenna correlation
	IID

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of Physical Channel Codes
	Max 15

	Precoding codebook
	LTE- Release 8 ( TS 36.211)

	ACK/NACK feedback error rate
	Baseline: 0%

	PCI / rank feedback error rate
	Baseline: 0%

	CQI feedback error rate
	Baseline: 0%

	Feedback delay
	Baseline: 6 ms (3 TTI)






















































































































































































































































































