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1. Introduction

A PUCCH 2-1 feedback mode for 8Tx which exploits the multi-granular 8TX codebook has been proposed in [1-2]. The proposed scheme doesn’t require codebook sub-sampling but does require an extra PTI bit which is padded to the RI report, indicating whether W1 needs to be updated or not. Concerns have been raised by several companies regarding the robustness of this scheme to uplink errors, since any error in the sparse W1 report will propagate for a long time, and an error in PTI would result in inconsistent assumptions on the feedback content for the whole RI period.
Another aspect of the proposal in [1] is to add sub-band PMI. We find it surprising that the proposed 2-1 has been evaluated by the supporting companies only in comparison to a wideband-only PUCCH 1-1, rather than evaluating the net effect of the SB-PMI. Such a comparison is being carefully evaluated in this meeting for PUSCH 3-2 when comparing it to PUSCH 3-1; such a comparison should be appropriate in the PUCCH as well.

An alternative PMI scheme for PUCCH 2-1 has been proposed in [3], where the PMI is coded and transmitted similarly to the PUCCH 1-1, CSI-mode=1 proposal. In this contribution we compare MU-MIMO performance with two PUCCH 2-1 schemes: PTI based [1-2], and RI+W1 based with 3bits W1, as described in [4]. Both schemes are simulated with realistic uplink errors. The RI+W1 scheme is being evaluated with and without SB-PMI.
2. PTI-based PUCCH 2-1

We simulated the proposed scheme in [2], together with PTI-reset every 5 RI periods. A timing-diagram of this mode, borrowed from [2], is shown below.
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3. RI+W1 based PUCCH 2-1
In this scheme W1 is sub-sampled and encoded together with RI. W1 is sub-sampled to 3 bits by removing the overlap. W1 signals one of 8 beam-quartets, each beam derived from DFT-32 and covering 1/8 of the beam-forming dimension. W1 is encoded together with RI. SB-PMI may be added (or not) to the SB-CQI report.
4. Uplink Errors Model

PUCCH is modelled as 5Hz fading channel with a diversity factor of 4 and an average BLER of 5% for a payload of 11 bits. The actual error rate is determined by the specific subframe payload and the instantaneous SNR, according to the PUCCH block-code BLER curves. The diversity factor comes from the frequency hopping between slots and 2 TX antennas at the UE. In case of error in a CQI/PMI subframe, the PMI is randomly chosen at the eNB and the CQI is randomly selected between CQI+/-1. In case of an error in RI/W1/PTI subframe, the eNB randomly selects RI/W1/PTI. A PTI error causes also an error in the interpretation of the subframe identity.
We note that the above model doesn’t take into account the time distribution of the errors, and hence doesn’t penalize long error-duration for outage.

5. SLS Results
	SCM 8x2 XPOL
MUMIMO

PUCCH2-1
	Low Spread

No UL errors
	Low Spread

With UL errors
	High Spread

No UL errors
	High Spread

With UL errors

	RI+W1, no SB-PMI
	3.48/0.160
	3.46/0.151
	3.20/0.138
	3.18/0.134

	RI+W1, SB-PMI
	3.52/0.160
	3.48/0.152
	3.24/0.140
	3.20/0.135

	RI+PTI, SB-PMI
	3.51/0.157
	3.45/0.152
	3.22/0.142
	3.18/0.136


	SCM 8x2 ULA
MUMIMO, PUCCH2-1
	Low Spread

No UL errors
	Low Spread

With UL errors
	High Spread

No UL errors
	High Spread

With UL errors

	RI+W1, no SB-PMI
	3.87/0.187
	3.79/0.178
	3.48/0.156
	3.43/0.154

	RI+W1, SB-PMI
	3.89/0.187
	3.79/0.178
	3.50/0.156
	3.42/0.153

	RI+PTI, SB-PMI
	3.86/0.186
	3.74/0.176
	3.48/0.153
	3.38/0.151


Table 7: MU-MIMO performance with three alternatives for PUCCH 2-1
6. Conclusions

We evaluated the performance of a PUCCH 2-1 where the feedback is encoded according to the current proposal (using a PTI bit) with uplink errors, but disregarding the outage effect due to the potential very long error bursts when PTI or W1 are decoded erroneously. We then compared its performance to an alternative, less complex PUCCH 2-1 proposal where W1 is encoded with RI, and where SB-PMI may or may not accompany the SB-CQI. We find the latter superior to the PTI-based scheme even when outage is not taken into account. We conclude that with taking outage into account, the PTI-based mode would be significantly inferior to the less complex and more robust RI+W1 scheme proposed here.
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8. Appendix: 
8.1. Simulation Assumptions

	Parameter
	Assumption

	Antenna Configuration
	8 Tx eNB 0. 5 lambda, XPOL and ULA

2-Rx UE 0.5 lambda, XPOL and ULA

	Channel Model
	3GPP case1,  3D , SCM-UMa with low and high spread

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users 
	10 (on average)

	UE Feedback
	Reporting period: 5 ms for PMI/CQI, 80 ms for RI

	Scheduler Type
	Proportional fair

	MU-MIMO Precoder
	Zeroforcing

	MU-MIMO UE Pairing
	Chordal distance of 1.8 

	Rank-adaptation
	1-layer per UE and 2 UEs in MU-MIMO
Rank adaptation for SU-MIMO

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	4 strongest interfering cells are explicitly modelled.

	Receiver Configuration
	Ideal MMSE  (Perfect intercell and intracell interference knowledge)

	Overhead
	30.3 % (Agreed overhead assumption for performance evaluation for ITU submission (LTEA MIMO/CoMP, L=3 control symbols))
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