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1. Introduction
The following refinement on UL SU-MIMO framework was decided in RAN1#56bis [1]:
Further refinement

· Number of MCS fields: two

· Two modes of operation for further study

· [Mode 1] No HARQ-ACK Spatial Bundling and no Layer Shifting

· [Mode 2] HARQ-ACK Spatial Bundling with Layer Shifting
Some simulation results comparing different framework alternatives were given in [2] as well as other contributions in RAN1#56bis. In this contribution, other simulation scenarios are added to provide better understanding on the advantages and disadvantages of the above two modes. Such scenarios include higher UE speed (30Kmph at 2GHz) and 6dB antenna gain imbalance. In addition to the throughput performance, the impact on DL control signaling is also discussed. 
Based on the analysis and simulation results provided in this contribution, we recommend that both modes are kept during the study item phase. A later down-selection may be performed during the work item phase once a better understanding regarding the different system aspects is acquired. 

2. Simulation Study
The two modes mentioned in Section 1 are compared in terms of single-user (link-level) throughput versus geometry assuming link and rank adaptations. The following assumptions are made:

· UL SU-MIMO framework follows the previous agreements. The second MCS field represents a full MCS. 

· As the performance depends on the type of the receiver, both the simplest LMMSE and MMSE-SIC (with hard-decision cancellation) receivers are simulated. Another possible receiver is the Turbo-SIC receiver (with soft-decision cancellation) which is not simulated in this contribution. In general, link prediction is simpler for LMMSE and MMSE-SIC compared to Turbo-SIC. 
· As antenna gain imbalance is an important factor for UL SU-MIMO design, 0dB and 6dB antenna gain imbalance (AGI) are simulated.

· Higher UE speed is also another scenario of interest since it adds onto the link adaptation error. Hence, both 3Kmph and 30Kmph are simulated. The link adaptation is performed to ensure that the target BLER (for the initial transmission) can be met as much as possible. 
· Other simulation assumptions are given in Table 1.
Table 1. Simulation assumptions

	Parameter

	Explanation/Assumption

	Bandwidth
	5 MHz

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	300

	Number of SC-FDMA symbols per TTI
	12

	Antennas Configurations
	2x2, 4x4 

	UE speed and fading model
	3 Kmph, 30 Kmph; 
TU-6 delay profile; Jakes spectrum

	Center frequency
	2GHz

	Spatial channel model
	Tx (UE) correlation = 0.1, Rx (eNB) correlation = 0.1

	BLER target for 1st transmission
	10%

	MCS Set
	28-level MCS with QPSK, 16QAM, and 64QAM

	Allocated RBs
	4

	HARQ scheme
	Chase Combining, 1 HARQ process per CW 

	Max number of retransmissions
	3 (total of 4 transmissions)

	Number of HARQ processes
	8

	Processing delay 
	4 ms

	Channel estimation error 
	Included

	Precoding
	2Tx: LTE-A UL SU-MIMO codebook
4Tx: Rel.8 DL HH codebook


The results are depicted in Figures 1 – 8. The following observations can be made:
· The same trend is observed for 2x2 and 4x4.
· Without antenna gain imbalance (0dB), the two modes perform similarly when LMMSE receiver is used. While the use of layer shifting introduces layer diversity at 30Kmph (which translates to robustness), the gain of layer shifting is not dramatic is not dramatic in this scenario. It is possible that some more noticeable gain is observed with more severe link adaptation error, e.g. bursty inter-cell interference. 
· With the antenna gain imbalance of 6dB, the performance of mode 2 (spatial HARQ bundling + layer shifting) starts to degrade. Some noticeable performance loss over mode 1 is observed at higher geometry region. This holds regardless of the receiver type and UE speed. 

· The performance difference between mode 1 and mode 2 increases with MMSE-SIC receiver (compared to LMMSE receiver), with mode 2 performing worse. This is expected since spatial HARQ bundling reduces the potential advantage of MMSE-SIC (since each CW is more likely to have different MCS due to the SIC gain on the second CW).
Overall, it can be inferred that mode 2 (spatial HARQ bundling + layer shifting) may offer robustness against inaccurate link adaptation. At the same time, mode 1 (no spatial HARQ + no layer shifting) offers better performance with MMSE-SIC receiver and in the presence antenna gain imbalance which seems to be an important scenario due to the position of a handset relative to the user. 
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Figure 1. 2x2: LMMSE receiver, AGI=0dB
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Figure 2. 2x2: MMSE-SIC receiver, AGI=0dB
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Figure 3. 2x2: LMMSE receiver, AGI=6dB
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Figure 4. 2x2: MMSE-SIC receiver, AGI=6dB
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Figure 5. 4x4: LMMSE receiver, AGI=0dB
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Figure 6. 4x4: MMSE-SIC receiver, AGI=0dB
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Figure 7. 4x4: LMMSE receiver, AGI=6dB
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Figure 8 4x4: MMSE-SIC receiver, AGI=6dB
3. Impact on Other System Aspects
Other than the performance aspect, the two modes can be compared in terms of their impact on the UL grant and spatial bundling of the HARQ parameters.
3.1. UL grant (DCI) format

The required DCI payloads are shown in Table 2. The following assumptions are made:

· Contiguous RB allocation. Hence, the design originates from format 0.
· To avoid excessive reduction in the available number of DMRS resources per cell, it is assumed that only up to 2 DMRS cyclic shifts are assigned even for 4-layer transmission. Furthermore, assigning up to 4 DMRS cyclic shifts for 4x4 further increases the DCI payload by 6 bits, which is undesirable. To support 4-layer transmission, it is possible to employ orthogonal (e.g. Walsh) covering across the two DMRS symbols within each subframe. 
Observe that the introduction of spatial HARQ bundling along with the layer shifting allows the following UL grant payload reduction (see Table 2, highlighted in green):
· Differential MCS-RV for the second CW. This is possible since the two codewords share the same HARQ process. Note that the two codewords share the same RV ( saving of 1 or 2 bits.
· New data indicator (NDI) for the second CW is not needed ( saving of 1 bit
This amounts to 2 to 3 bits of overhead reduction for each UL grant.
3.2. PHICH

With the introduction of spatial HARQ bundling along with layer shifting, only 1 PHICH is needed. Otherwise:

· Up to 2 PHICHs are needed depending on the assigned TRI. Since the number of PHICHs may be variable, a new PHICH assignment rule may need to be designed. 

· A direct implication is that more resources are consumed by PHICH.

Overall, the combination of spatial HARQ bundling and layer shifting (mode 2) requires less specification work as the current PHICH mechanism is directly applicable to UL SU-MIMO. This is not the case for mode 1.

Table 2. DCI format for UL grants. The potential differences due to UL SU-MIMO are highlighted
	Field
	Format 0 (SIMO)
	Format 0B (MIMO)

	
	5MHz
	20MHz
	5MHz
	20MHz

	Format flag 
	1
	1
	1 
	1 

	Hopping flag
	1
	1
	1
	1

	RB assignment: 
	9
	13
	9
	13

	MCS-RV
	5
	5
	5
	5

	New Data Indicator
	1
	1
	1
	1

	TPC
	2
	2
	2
	2

	Cyclic shift for DMRS
	3
	3
	6
	6

	CQI request
	1
	1
	1
	1

	UL index (TDD only)
	2
	2
	2
	2

	RNTI / CRC
	16
	16
	16
	16

	TPMI + TRI (2 or 4-Tx)
	-
	-
	3 or 6
	3 or 6

	MCS-RV for 2nd CW
	-
	-
	No SPB: 5

SPB: 3 or 4
	No SPB: 5

SPB: 3 or 4

	New Data Indicator for 2nd CW
	-
	-
	No SPB: 1
SPB: 0
	No SPB: 1

SPB: 0


4. Conclusion

This contribution extended the comparison in [2] by focusing on comparing the two remaining UL SU-MIMO modes: 

· Mode 1: no spatial HARQ bundling + no layer shifting, 

· Mode 2: spatial HARQ bundling + layer shifting. 
The following can be inferred from the analysis and simulation results:
· Mode 1 offers better overall performance with SIC receiver and in the presence of antenna gain imbalance. It can be perceived as the “safe mode” within such context.
· Mode 2 may offer better robustness against inaccurate link adaptation. In addition, it simplifies the DL control design for UL SU-MIMO, i.e. the UL grant design and PHICH allocation. 

Both modes seem to have something to offer to ensure competitive UL SU-MIMO performance. However, if RAN1 is required to select one and only one mode, some further discussion may be needed to better understand the importance of each factor (antenna gain imbalance, receiver type, DL control design). This may be a good topic to discuss during the work item phase. That is, keeping both modes during the study item phase seems more appropriate at this time. 
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