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1. Introduction
To attain the target uplink peak spectral efficiency for LTE-Advanced, the inclusion of uplink single-user MIMO (UL SU-MIMO) technology seems inevitable. In addition, UL SU-MIMO may be considered as one of the first-step upgrades from LTE to LTE-Advanced compared to some other advanced technologies such as relays and COMP. The basic setup of UL SU-MIMO is given in Figure 1 (see [1, 2] for further discussion on the impact on specification). 
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Figure 1. Basic Operation of UL SU-MIMO: A 4x4 setup is used for illustrative purposes.
Some initial analysis on UL SU-MIMO in terms of layer mapping, the number of MCS fields, and downlink ACK/NAK (in relation to PHICH) can be found in, e.g.  [3 – 6] which led to a set of decisions in RAN1#56 which are captured in the way forward [7]: 
· Same layer mapping as downlink LTE Rel-8

· Maximum of 2 codewords (TBs)

· Spatial bundling of HARQ parameters desirable:

· Single shared downlink ACK/NAK (PHICH); single shared NDI, RV

· Impact on performance (including overhead) to be verified

· Final decision in the next meeting 

· Number of MCS fields:

· FFS: one or two

· Layer shifting in time domain

· FFS: exact shifting pattern 

· Possibility to configure with or without layer shifting

This contribution focuses on the highlighted parts: HARQ spatial bundling and the number of MCS fields. Based on the simulation results given in Section 2, we propose to refine the above highlighted agreements as:
· Spatial bundling of HARQ parameters per component carrier:

· Single shared downlink ACK/NAK (PHICH); single shared NDI, RV

· Number of MCS fields is two per component carrier:
· FFS: whether the second MCS field is a full MCS indicator or differential MCS (relative to the first MCS field)
2. Simulation Study
Related to the issue of the HARQ spatial bundling and the number of MCS fields (also termed as MCS bundling), there are 4 possible combinations (see [4] for further discussion):
1. No HARQ bundling + no MCS bundling
2. No HARQ bundling + MCS bundling

3. HARQ bundling + no MCS bundling

4. HARQ bundling + MCS bundling
Here, the term MCS bundling is used to indicate the use of a single MCS for two TBs. Some preliminary results on MCS bundling can be found in [3] which demonstrate that significant performance loss is incurred due to MCS bundling. As discussed in [4], the second combination is the least motivated among all the 4 possibilities. Hence, we compare the performance of combinations 1, 3, and 4. For the simulation study in this contribution, the second MCS field represents a full MCS when MCS bundling is not performed. 

The performance is measured in terms of average single-user throughput versus geometry with link and rank adaptations. 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. Other 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 

	Fading model
	3 Kmph TU-6 delay profile

	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 (DMRS and SRS)
	Ideal 

	Precoding
	PMI-based with DL Rel-8 codebooks


The results are depicted in Figures 2 – 5. MCS=1 and 2 represent with and without MCS bundling while A/N=1 and 2 indicate the presence and the absence of HARQ bundling, respectively. The evaluation is performed with (LS) and without layer shifting (No LS) in accordance to the agreement in [7]. For each figure, the loss relative to “MCS=2, A/N=2” (no spatial HARQ and MCS bundling) is measured. The following can be observed:
· In general, MCS bundling results in significant throughput loss except with LMMSE receiver and layer shifting turned ON. Such loss becomes more pronounced for MMSE-SIC receiver. Hence, MCS bundling is not desirable, i.e. the number of MCS fields in the UL grant should be two. Whether the second MCS field should be a full MCS indicator or a differential MCS (relative to the first MCS field) can be left for further study.
· The loss incurred by spatial ACK/NAK (HARQ) bundling is marginal in any case.  Note that the simulated spatial channel model assumes very low spatial correlation. This favors not using spatial bundling of HARQ parameters. Still, the performance loss due to spatial bundling is marginal. Following the decision/preference in [7] and considering the results in Figures 2 – 5, spatial bundling of HARQ parameters should be performed. 
[image: image2.emf]5 10 15 20 25 30

1

2

3

4

5

6

7

Geometry (dB)

Throughput (Mbps)

2x2 4-RB:LMMSE

 

 

MCS=2,A/N=2,No LS

MCS=2,A/N=1,No LS

MCS=1,A/N=1,No LS

MCS=2,A/N=2,LS

MCS=2,A/N=1,LS

MCS=1,A/N=1,LS


[image: image3.emf]5 10 15 20 25 30

-20

-15

-10

-5

0

5

Geometry (dB)

Gain over MCS=2,A/N=2 (%)

2x2 4-RB:LMMSE

 

 

No LS:MCS=2,A/N=1

No LS:MCS=1,A/N=1

With LS:MCS=2,A/N=1

With LS:MCS=1,A/N=1


Figure 2. 2x2 spatial multiplexing with LMMSE receiver
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Figure 3. 2x2 spatial multiplexing with MMSE-SIC receiver
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Figure 4. 2x2 spatial multiplexing with LMMSE receiver
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Figure 5. 4x4 spatial multiplexing with MMSE-SIC receiver
3. Impact on Other System Aspects
Other than the performance aspect, the impact of utilizing 2 MCS fields on the UL grant and spatial bundling of the HARQ parameters is discussed in this section.
3.1. UL grant (DCI) format

The required DCI payloads for different layer mapping schemes are shown in Table 2. The following assumptions are made:

· The same codebook size (in bits) as DL closed-loop spatial multiplexing is assumed, along with dynamic rank adaptation [8, 9].
· Contiguous RB allocation

· 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. 
· Currently, DCI format 0 and 1A share the same payload size to enable scheduling with format 1A without increasing the number of blind decodes. When a UE is configured to operate in UL SU-MIMO mode, a different DCI format (named, e.g. 0B) is used. In that case, it is possible to ensure that DCI format 0B and 1B (closed-loop rank-1 precoding) share the same payload size. As both eNBs and UEs operate with multiple antenna ports, this seems more natural than enforcing the same payload size for 0B and 1A. Otherwise, dynamic switching between DCI format 1A and 0B may not be supported.
Compared to the current format 0 [5], the increase in DCI payload by 28 – 35% for 5MHz bandwidth. Note that such relative increase becomes less significant for higher system bandwidth and/or non-contiguous RB allocation. Furthermore, it may be possible to reduce the overhead due to the second MCS with differential MCS (as indicated in Section 2) as well as the single shared RV parameter due to the spatial bundling of HARQ parameters.
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

	PMI (2 or 4-Tx)
	-
	-
	2 or 4
	2 or 4

	RI (2 or 4-Tx)
	-
	-
	1 or 2
	1 or 2

	MCS-RV for 2nd CW
	-
	-
	5 (*)
	5 (*)

	New Data Indicator for 2nd CW
	-
	-
	-
	-

	
	
	
	
	

	Total 
	39
	43
	50 or 53
	54 or 57





(*) Possible reduction with differential MCS as well as a single shared RV
3.2. PHICH

The number of DL ACK/NAKs per UE depends on the layer mapping scheme. Due to the spatial bundling of HARQ parameters, the PHICH structure and the DL ACK/NAK mechanism in Rel-8 can be fully reused without any change. 
4. Conclusion

This contribution addressed the open issues of UL SU-MIMO discussed in [7]: spatial bundling of HARQ parameters and the number of MCS fields. Based on the simulation study given in this contribution as well as some other system considerations, the following refinement is proposed:
· Spatial bundling of HARQ parameters per component carrier:

· Single shared downlink ACK/NAK (PHICH); single shared NDI, RV

· Number of MCS fields is two per component carrier:
· FFS: whether the second MCS field is a full MCS indicator or differential MCS (relative to the first MCS field)
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