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1. Introduction

Layer/stream permutation has been suggested by Qualcomm as being part of their S-VAP concept [1]. In Qualcomm’s simulations, different PARC (Per-Antenna Rate Control) options without precoding have been compared to their S-VAP concept including precoding (e.g. in [2]). 
In this contribution we compare layer permutation transmission to transmission without layer permutation by means of link level simulations. 
2. Performance of layer permutation vs. non-layer permutation
In contrast to the comparison in [2], where the S-VAP containing fixed DFT precoding is compared with S-PARC without precoding, we compare PARC with  PSRC (Per-Stream Rate Control) for 2x2 MIMO, where the “Stream” is created by layer permutation of the underlying physical transmission antennas. This PSRC corresponds to S-VAP without the DFT precoding. 

The basic simulation assumptions are summarized in Table1: 

Table 1 Link Simulation Assumptions

	Parameter
	Value

	DL Modulation
	QPSK, 16-QAM, 64-QAM

	Coding for data channel
	Turbo, 1/3, ½, 2/3, ¾ 

	Subframe duration/TTI length
	0.5 ms / 1ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	73 samples

	Number of OFDM symbols per TTI
	10 (data) + 4 (pilots + overhead) 

	RB size
	600 tones, 1 TTI

	Turbo-Decoding
	Max-Log, 8 iteration

	HARQ
	Symbol-level Incremental Redundancy, 3 retransmissions

	MCS selection
	Dynamic based on CQI feedback

	Carrier Frequency 
	2 GHz

	Channel model
	SCM-E Urban Macro & Urban Micro

	Antenna Configuration
	2x2, 4( spacing (@ eNodeB)

	UE speed
	3 km/h

	CQI delay 
	4 TTI 

	Channel Estimation
	2D-Wiener Filter (within one TTI) 

	Receiver
	QRDM (M=16), MMSE and MMSE with SIC 


The throughput versus G-factor of PSRC compared to PARC for the QRDM receiver (M=16) is given in Fig. 1. Note that the curves are denoted with “Without Layer Permutation” for PARC as well as “Layer Permutation” for the PSRC. 
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Figure 1:   Throughput vs. G factor of 2x2 MIMO for PARC (“Without Layer Permutation”) and PSRC (“Layer Permutation”) using QRDM receiver (M=16 survivors); SCM-E Urban Macro (a) and SCM-E Urban Micro (b) channels.
The performance of both schemes, PARC and PSRC, is rather similar with a small throughput loss for layer permutation. When comparing the results for the QRDM receiver with the linear MMSE receiver in Fig. 2a and 2b we see, that the conclusions are basically the same. In sense of performance the QRDM receiver with a rather limited amount of survivor paths (M=16) performs slightly better in the low G-factor range (for lower order modulation like QPSK) but a little worse in the high G-factor range (where 64-QAM is applied). In order to improve the performance of QRDM in the high G-factor (SINR) regime, the number of survivors in the detector would need to be increased. 
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Figure 2:   Throughput vs. G factor of 2x2 MIMO for PARC (“Without Layer Permutation”) and PSRC (“Layer Permutation”) using MMSE receiver; SCM-E Urban Macro (a) and SCM-E Urban Micro (b) channels.
The results for using a MMSE-SIC receiver (MMSE detection for the first stream, MMSE after SIC for the second stream) for the two channel models are illustrated in Fig. 3a and 3b. 
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Figure 3:   Throughput vs. G factor of 2x2 MIMO for PARC (“Without Layer Permutation”) and PSRC (“Layer Permutation”) using MMSE-SIC receiver; SCM-E Urban Macro (a) and SCM-E Urban Micro (b) channels.

The MMSE-SIC receiver improves the achievable throughput compared to the MMSE (only) and QRDM receiver of Fig.1 and Fig. 2. Comparing the performance of layer permutation versus transmission without layer permutation, again there is a small throughput loss for layer permutation in the G factor range of 5 to 20dB. 
Considering the presented simulation results it can be summarized that PARC (without layer permutation) slightly outperforms layered MCW transmission (PSRC). 

3. Required CQI for MCW MIMO transmission
In [1] and other related S-VAP contributions in the past it is mentioned, that layered transmission has the advantage of significantly reducing the CQI overhead by differential spatial CQI feedback, e.g. a base layer CQI and one single relative CQI between adjacent layers in case of more than 2 transmission codewords. A single relative CQI s is sufficient independently on the number of codewords assuming receivers like MMSE or MMSE-SIC for all streams, where we assume SIC to be performed on a layer by layer basis. But the general CQI reporting should support and allow also other receiver types as well as intermediate receiver evolutions (e.g. MMSE for the first two codewords followed by MMSE-SIC for the remaining two codewords). Therefore, in order to allow also other MIMO receiver types and future possible receiver evolutions, one (full or relative) CQI per codeword as uplink feedback is needed.
4. Summary and Conclusion

In this contribution, a performance comparison between layer permutation and MCW MIMO without layer permuation is presented. The results show a small performance loss of layer permutation compared to the case without permutation. 
The claimed advantage considering the UL feedback load of layer permutation could only be realized for a limited set of receivers and by excluding certain MCW receiver architectures. Therefore, in order to allow flexible receiver structures and future receiver evolutions, a single (full or relative) CQI per codeword is needed also for layer permutation based MCW transmission. 
Considering the additional complexity required in performing the layer permutation and the small performance loss, there seems to be no reason why layer permutation based MCW for LTE DL should be supported.
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