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1. Introduction

In RAN #43, a work item [1] for Rel9 was agreed to further extend the Rel8 single-layer beamforming to single-user dual-layer beamforming following the same design principles. Besides UE-specific RS and downlink control signalling design for the dual-layer beamforming functionality, codeword-to-layer mapping and layer-shifting were discussed respectively in RAN1#56 and lately as part of the discussion over the RAN1 e-mail reflector. It was agreed to follow the same codeword-to-layer mapping as in LTE Rel8 for up to four layers in further releases. A few companies [4] have expressed their view in favour of a “package” including layer-shifting and bundling of HARQ parameters to be introduced in LTE Rel9 together with dual-layer beamforming and to be extended further to LTE-Advanced. Such scheme does not ensure continuity with Rel8 closed-loop operation: as usual, introducing non-backward compatible element should be motivated by clear performance gains, especially given the tight standardization schedule for Rel9.
In this contribution we investigate the performance of layer-shifting together with spatial bundling of HARQ parameters in the case of SVD dual-layer beamforming assuming typical 8x2 antenna configuration. We provide a link level analysis as well as a system level evaluation with similar configuration but rank adaptation enabled to get full understanding of realistic systems. Conclusions are made on the basis of provided results.
2. Discussion
LTE Rel8 defines a fixed (i.e. subcarrier independent) codeword-to-layer mapping with each codeword being distributed over 1-2 spatial layers in 2- and 4-layer spatial multiplexing, respectively. No layer-shifting, i.e. cyclic permutation and mapping of layer symbols to virtual antennas, is performed prior to transmit precoding. Layer-shifting attempts at equalizing codewords’ experienced effective SNRs by transmitting each of them on all available spatial layers. It is also motivated by (small) savings in UL feedback when coupled with bundling of HARQ ACK/NACK bits as well as in DL control overhead where both codewords could share common RV and NDI fields. 
A new feature involving non Rel8 backward compatible elements should clearly be motivated by performance gains regardless of whether such functionality is implicitly present in a related context (e.g. open-loop spatial multiplexing with large-delay CDD, TDD or potentially in UL MIMO). Though layer-shifting minimizes the loss of spatial bundling of HARQ parameters, it is always bound from a theoretical perspective to provide sub-optimal performance wrt. separate ACK/NACK without layer-shifting. For this reason layer-shifting was not selected for downlink closed-loop MIMO in LTE Rel8. 
The approach is obviously non Rel8 backward compatible and would require dual spatial-multiplexing receiver implementations for Rel9/Rel10 UEs since these UEs still need to be capable of operating in Rel8 networks. Thus this unnecessarily adds to the implementation complexity without performance advantage. 

3. Link level simulation results
We investigated the performance of layer-shifting for dual-layer beamforming through link-level simulations. Dual-layer dual-codeword SVD beamforming was performed over an 8x2 antenna configuration in either spatially uncorrelated (3GPP-TU) or correlated environments (SCM-C2 (urban macro)-{eNB:, UE:/2} and SCM-C2-{eNB:, UE:/2} with cross-polarized antennas). SVD precoding granularity was set to 3 PRBs. Per codeword link adaptation was performed over Rel’8 MCS classes. HARQ ACK/NACK bundling was either enabled or disabled. Layer shifting, if enabled, took place in frequency domain after codeword-to-layer mapping and consists of cyclic permutation and mapping of layer symbols to virtual antennas prior to spatial precoding. PDSCH demodulation was performed assuming an MMSE receiver as well as 2D channel estimation on a dual-stream precoded UE-specific RS pattern stemming from Rel’8 UE-specific RS (see, [3]). Note that results in this section assume no rank adaptation, and fixed rank-2 transmission is always used. Detailed simulation assumptions are found in Table 3 in Appendix A.

Figure 1 depicts the normalized throughput performance (spectral efficiency) vs. signal-to-noise ratio (SNR) in the case of spatially uncorrelated 3GPP-TU channel for various combinations of HARQ parameter bundling (enabled: B=1; disabled: B=0) and layer-shifting (enabled: S=1; disabled: S=0). Figure 6 and Figure 9 provide a closer view on the mid-range and low-SNR regions, respectively. ACK/NACK bundling is seen to have a significant negative effect on the throughput at low SNRs due to the increased codeword error rates. However this is not a problem in practice as rank-1 transmission would normally be used in this region. Otherwise all simulated curves mostly overlap through the whole SNR range: the low eigenvalue spread of spatially uncorrelated channels ensures no degradation in performance due to layer-shifting as the two spatial layers experience very similar effective SNR qualities. The slight ceiling effect observed at very high SNRs when layer-shifting is activated is artificial: no EVM was modelled in simulation in Figure 1-Figure 3 and EVM impairments limit post-processing SNRs in practice and thus reduce significantly the theoretical benefits of one codeword trading excess power to the second one at the high-end of the SNR range.

Figure 2 and Figure 3 show similar performance study in the case of spatially correlated SCM-C2 and SCM-C2 cross-polarized setups, respectively. Figure 7 and Figure 8 provide a closer view on mid-range SNR performance while Figure 10 and Figure 11 focus in turn on the low-SNR region. Unlike in spatially uncorrelated channels, layer-shifting has negative impact on performance from moderate to high SNRs in correlated scenarios (~0.5 to ~1 [dB] loss observed): this is due to the larger eigenvalue spread typically observed in correlated channels leading to spatial layers with very dissimilar effective SNR qualities (several dB difference on average). Thus the increased loss of layer-shifting which shows here its sub-optimality: information theoretic considerations would advise here to invest more power/information rate to the best layer and not to trade it for the weakest one.
Table 1 provides a comparison of the measured SNR losses of HARQ ACK/NACK bundling and layer shifting wrt. separate ACK/NACK and no-layer shifting for the three considered channel models. Similar observations are made in [5] with even larger observed losses. Note that simulation results in this section indicate that when spatial bundling is used, layer shifting will bring some gain over normal layer mapping at low SNR regions, but as will be shown in the next section, this is not the case in realistic system where rank adaptation will be performed.
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Figure 1 Dual-layer SVD beamforming performance assuming HARQ ACK/NACK bundling (enabled: B=1/disabled: B=0) and layer-shifting (enabled: S=1/disabled: S=0) in 8x2 spatially uncorrelated 3GPP-TU channel.
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Figure 2 Dual-layer SVD beamforming performance assuming HARQ ACK/NACK bundling (enabled: B=1/disabled: B=0) and layer-shifting (enabled: S=1/disabled: S=0) in 8x2 spatially correlated SCM-C2 channel (antenna spacing {eNB: ,UE: /2}).
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Figure 3 Dual-layer SVD beamforming performance assuming HARQ ACK/NACK bundling (enabled: B=1/disabled: B=0) and layer-shifting (enabled: S=1/disabled: S=0) in 8x2 spatially correlated SCM-C2 cross-polarized configuration (antenna spacing {eNB: ,UE: /2})
Table 1 SNR loss at 50% maximum spectral efficiency of HARQ ACK/NACK bundling and layer-shifting wrt. separate ACK/NACK and no layer-shifting.

	                     Channel model

SNR loss
	3GPP-TU, uncorrelated
	SCM-C2-{eNB:; UE:/2}
	SCM-C2-{eNB:; UE:/2} cross-polarized

	Loss  @ 50% max. spectral efficiency
	< 0.1 [dB]
	~1 [dB]
	~0.5 [dB]


4. System level simulation results

In this section, we evaluate the system level performance of layer shifting and ACK/NACK bundling with dual-stream beamforming and we concentrate on 8x2 dual polarized SCM channel with uncorrelated polarization. Rank adaptation is firstly disabled to get a clear insight to layer shifting, and then enabled to be consistent with realistic systems. The decision on whether the data is correctly received is made independently on each codeword using EESM link to system methodology, and our results show that this method, compared to full correlation between the two codewords, gives very similar performance. Other simulation parameters can be found in Table 4 in Appendix A.
The effect of layer shifting on effective SINRs of two codewords can be seen in Figure 4 where all transmissions are forced to be rank-2. With layer shifting, the two equalized SINRs almost overlap, and they are closer to the SINR experienced by the second codeword with normal layer mapping, which is always transmitted on the spatial sub-channel with the smallest eigenvalue. Figure 5 shows the resulting throughput performance, and it can be seen that layer shifting will cause some loss, especially in the mid-range SINR regions. Note that this observation is consistent with our link level results, and the exact loss is 4.4% for cell capacity and 12.6% for coverage. 
With rank adaptation enabled, Table 2 shows cell capacity and coverage for various combinations of ACK/NACK bundling (enabled: B=1; disabled: B=0) and layer-shifting (enabled: S=1; disabled: S=0). Configuration 1 with full ACK/NACK reporting and no layer shifting gives best performance. Compared with that, loss caused by spatial bundling (configuration 3 to configuration 1) is 1.7% for capacity and only 0.5% for coverage (because rank-1 transmission is dominant at cell-edge); on the other hand, layer shifting also causes some loss (configuration 2 to configuration 1) which is 2.1% and 6.0% for capacity and coverage, respectively. The benefit of layer shifting on ACK/NACK bundling can be seen through a comparison between configuration 4 and configuration 2, which show that bundling loss can be further reduced to 0.9% for capacity and 0.1% for coverage. However, unlike the observations from fixed rank-2 transmissions in the previous section, when comparing the two configurations where bundling is both enabled, normal layer mapping outperforms layer shifting. In a summary, the system level results indicate that in realistic system with rank adaptation, the loss caused by layer shifting imposes a more important influence on performance than that caused by bundling, so the scheme with ACK/NACK bundling and layer shifting is not so attractive.

Table 2 Throughput performance for different combinations of ACK/NACK bundling and layer shifting with rank adaptation enabled
	Configuration
	Description
	Mean UE throughput (kbps)
	Relative
	5%-tile UE throughput (kbps)
	Relative

	1
	B=0, S=0
	2229
	0.00%
	983
	0.00%

	2
	B=0, S=1
	2182
	-2.11%
	924
	-6.00%

	3
	B=1, S=0
	2191
	-1.70%
	978
	-0.51%

	4
	B=1, S=1
	2163
	-2.96%
	923
	-6.10%
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Figure 4 EESM SINR distribution from system level, spatial bundling is disabled, layer shifting is enabled or disabled. All transmissions are forced to be rank-2.
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Figure 5 Throughput distribution from system level, spatial bundling is disabled, layer shifting is enabled or disabled. All transmissions are forced to be rank-2.
5. Conclusions

In this contribution we investigated and discussed the performance of layer-shifting for dual-layer beamforming in LTE Rel9. The results naturally extend to LTE-Advanced. Our link level analysis shows that while layer-shifting together with spatial bundling of HARQ parameters does not lead to degradation of throughput performance in uncorrelated scenarios, it shows some loss in 8x2 spatially correlated cross-polarized configurations which yields typical use case for dual-layer beamforming. Similar observations can be made based on our system level investigations, which show, with rank adaptation enabled in practical systems, that the loss caused by layer shifting imposes a more important influence on performance than that caused by bundling. Small savings in UL and DL control overhead do not justify in our view breaking the continuity of specifications and legacy UE implementation. Therefore, we propose not to introduce layer-shifting to LTE Rel9 dual-layer beamforming and further to LTE-Advanced.
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Appendix A – Simulation assumptions
Table 3 Simulation assumptions for link level evaluation
	Parameter description
	Value / Comment

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

	Resource allocation
	6 PRB, contiguous allocation

	Antenna configuration
	8 Tx / 2 Rx antennas

	Channel model, spatial correlation/antenna spacing
	3GPP-TU, spatially uncorrelated
SCM C2 (urban macro), spatially correlated {eNB: , UE: /2}
SCM C2 (urban macro) with x-polarized antennas, spatially correlated {eNB: , UE:  /2}

	UE velocity
	3 km/h

	EVM impairments
	Not modeled

	Transmission scheme
	Dual-layer SVD beamforming with 2 codewords

	Link adaptation, modulation and code rates
	Per codeword link adaptation (Rel’8 MCS); no rank adaptation

	Channel coding (PDSCH)
	Rel’8 turbo coding, CBRM

	PDCCH / PDSCH configuration
	3 / 11 OFDM symbols per sub-frame

	HARQ parameters
	Enabled, with a maximum of 2 retransmissions

	HARQ ACK/NACK bundling
	{disabled B=0; enabled B=1}

	Layer-shifting 
	Performed in frequency domain (cyclic permutation of layer symbols to virtual antennas); {disabled S=0; enabled S=1}

	UE-specific pattern & density
	FDM/TDM Rel8 UE-specific RS evolution in [3]
6 RE/stream/PRB

	Precoding granularity
	3 PRB

	Channel estimation
	2D channel estimation over UE-specific RS (spanning 3 PRB)

	Detector
	MMSE

	CSI & CQI
	Ideal


Table 4 Simulation parameters for system level evaluation
	Parameter
	Assumption 

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

	Inter-site distance
	500m

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Log Normal

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern [4] (horizontal)             (For 3-sector cell sites with fixed antenna patterns)
	θ3dB= 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	2.0 GHz

	Channel model
	8x2 dual polarized SCM, 0.5λ spacing

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	Minimum distance between UE and cell
	>= 35 meters

	Duplexing mode
	FDD

	PS Algorithm
	Proportional fair in time and frequency

	Rank adaptation
	Dynamic

	Control channel
	3 OS (including some common reference signals)

	Reference signal configuration
	CRS: Port 0 and 1 enabled

DRS: 12 RE per PRB

	Transmission Scheme
	DoA beamforming + dual-layer multiplexing and precoding with Rel8 codebook

	UE Channel estimation 
	Ideal

	CQI/PMI reporting
	Per subband, subband size 3

	Sounding configuration
	No sounding

	HARQ
	Independent HARQ process for each codeword      Maximum 4 Tx attempts

	Outer loop link adaptation
	Enabled, 20% BLER target

	Receiver type
	MMSE

	Layer shifting
	On /off

	Spatial ACK/NACK bundling
	On /off


Appendix B – Link level simulation results
[image: image6.emf]1 2 3 4 5 6 7 8 9 10 11 12

1

1.5

2

2.5

3

3.5

4

4.5

SNR [dB]

 Spectral efficiency [bit/s/Hz]

Two  stream transmission, TU , 3km/h

 

 

 B=1 S=0

 B=0 S=1

 B=0 S=0

B=1 S=1


Figure 6 Mid-range SNR performance in uncorrelated 3GPP-TU channel.
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Figure 7 Mid-range SNR performance in SCM-C2 channel ({eNB:, UE:/2}).
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Figure 8 Mid-range SNR performance in SCM-C2 cross-polarized setup ({eNB:, UE:/2}).
[image: image9.emf]-6 -5 -4 -3 -2 -1 0 1 2 3 4

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

SNR [dB]

 Spectral efficiency [bit/s/Hz]

Two  stream transmission, TU , 3km/h

 

 

 B=1 S=0

 B=0 S=1

 B=0 S=0

B=1 S=1


Figure 9 Low-SNR performance in uncorrelated 3GPP-TU channel.
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Figure 10 Low-SNR performance in spatially correlated SCM-C2 channel ({eNB:, UE:/2}).
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Figure 11 Low-SNR performance in SCM-C2 cross-polarized setup ({eNB:, UE:/2}).










