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1. Introduction

LTE-A UE may have various form factors and implementations in terms of potential enhancement to the default single-antenna uplink transmission [1]. It is expected that the additional transmit antenna may bring these potential benefits at the cost of additional PA and transceiver chains:

· Tx spatial diversity gain: But the gain is expected to diminish with the increase of eNB Rx antennas 

· Tx precoding gain: Precoding is more effective for correlated UE antennas than for uncorrelated antennas which might be more typical in UE and more beneficial for spatial multiplexing UL and DL reception diveristy. 
· Tx spatial multiplexing: This makes multi-stream UL transmission from a single UE possible. So it is expected to be the key enabler for peak UL spectral efficiency. 

Among them, spatial multiplexing could be the most important technique that justifies the additional implementation cost. To best support UL spatial multiplexing (i.e., rank>1), the issues of layer mapping, the number of MCS levels, and downlink ACK/NAK (in relation to PHICH) were discussed in various contributions such as [3]

 REF _Ref225058206 \r \h 
 \* MERGEFORMAT [4]

 REF _Ref225058208 \r \h 
 \* MERGEFORMAT [5]

 REF _Ref225004718 \r \h 
 \* MERGEFORMAT [6] which concluded with a way-forward in RAN1#56 [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 throughput comparison of one and two MCS, with and without layer shifting, as well as performance impact from ACK bundling.
2. Simulation
For rank-2 UL transmission using 2 TBs and a fixed identity precoding matrix, different configurations of MCS and layer shifting are simulated according to the simulation assumption listed in Table 1.
2.1. Layer Shifting and Number of MCS Levels in Uplink Grant
The need for layer shifting and the number of MCS levels in the uplink grant were evaluated through simulation of the following four configurations:
· 1 MCS with no layer shifting
· 1 MCS with layer shifting
· 2 MCS with no layer shifting
· 2 MCS with layer shifting
Throughout is reported as a function of average received SNR under 0dB and 6dB antenna gain imbalance. 
Layer shifting was implemented with the time switched scheme described in [8] and shown in Figure 1.  Code symbols from the first transport block are transmitted on antenna one on even PUSCH-bearing OFDM symbols (those not used for RS) and on antenna 2 in odd PUSCH-bearing OFDM symbols. Similarly code symbols from the second transport block are transmitted on antenna two on even data-bearing PUSCH-bearing OFDM symbols and on antenna 1 in odd PUSCH-bearing OFDM symbols.
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Figure 1: The method of layer shifting implemented in simulation mapped symbols from transport blocks into alternating OFDM symbols excluding the fourth symbol in each slot which were reserved for RS [8].  
Table 1. Simulation Assumptions

	Parameter

	Values

	Bandwidth
	 10 MHz

	Number of RBs
	50

	Antennas Configurations
	2x4

	Fading model
	3 Kmph TU-6 

	Spatial channel model
	Tx (UE) uncorrelated, Rx (eNB) uncorrelated 

	MCS levels used 
	14 (36.213 CQI table, first 14 entries)

	Interleaving
	PUSCH rectangular interleaver

	OFDM frame structure
	4th OFDM symbol in each slot used for RS

	eNB receiver type 
	MMSE with ideal channel estimation

	Allocated RBs
	8

	HARQ scheme
	1 HARQ process per layer or 1 HARQ process shared between layers.

	Max number of HARQ retransmissions
	4

	Retransmission delay 
	8 ms

	MCS scheduling and link adaptation
	Determine MCS of each layer according to 10% predicted BLER (on a per frame basis)

	HARQ process simulation 
	Actual TB decoding

	UE Antenna Gain Imbalance 
	0 and 6dB


Figure 2 compares the sum throughput of both layers without antenna gain imbalance with and without layer shifting and with one and two MCS levels. Each TB is assigned its own HARQ process, i.e. 2 ACK/NAK channels are assumed. Single TB transmission with SFBC is also shown for comparison. Similar performance is obtained with layer shifting and 1 or 2 MCS and no layer shifting with 2 MCS. Significant loss can be seen however when a single MCS level is used without layer shifting.  In this case unequal fading gains on each antenna will cause a single MCS level selection very non-optimal for both transport blocks.  
Figure 3 compares the performance of the same configurations, but under an antenna gain imbalance of 6 dB.  Here a significant degradation in performance is observed with layer shifting compared with no layer shifting and 2 MCS levels. As discussed in [2], this can be attributed to the wider variations in symbol reliability fed to the decoder when symbols of a TB’s are distributed between layers with unequal mean SNR.  The necessity of 2 MCS levels when layer shifting is not employed is even especially evident in the presence of antenna gain imbalance. Over different antenna gain imbalance conditions (e.g., 0 and 6dB), the best performance is obtained without layer shifting and two MCS levels.
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Figure 2: Throughput comparison with and without layer shifting and one versus two MCS without UE Tx antenna gain imbalance.
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Figure 3: Throughput comparison with and without layer shifting and one versus two MCS without UE Tx antenna gain imbalance.

2.2. ACK Bundling

The results of the previous section were generated with one HARQ process per layer. Spatial ACK bundling, two layers sharing a single HARQ process, was also simulated for the two best-performing configurations:
· 1 MCS with layer shifting
· 2 MCS with no layer shifting
Figure 4 compares the throughput of these configurations in the absence of antenna gain imbalance for the case of  one HARQ process per layer, i.e. requiring 2 ACK/NAK channels (2 AN), and spatial ACK bundling (1 AN) where a single ACK is generated for both layers, the ACK being true only when both TBs have been decoded correctly.  Spatial ACK bundling is seen to reduce throughput by approximately 10% above about 15 dB both with and without layer shifting.  

ACK bundling is also sensitive to differential CQI measurement errors.  For example without layer shifting and two MCS levels, if an MCS level too aggressive is chosen for one layer, the other layer’s throughput will be penalized due to the additional transmissions of the other TB that can be successfully decoded. Figure 5 plots the throughput of such a scenario where the MCS level for one layer is increased by one level.  Comparison to Figure 4 shows that while both 1 AN and 2 AN cases are affected by differential CQI measurement error,  2 AN throughput degrades from 8750 kbps to 7250 (17%) at 16 dB 
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, 1 AN throughput drops from 8000 kbps to only 5250 kbps (34%) in the presence of the error.

Due to the loss in throughput from ACK bundling shown above along with the sensitivity to differential CQI error, spatial ACK bundling should be avoided whenever possible.
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Figure 4: Throughput with (2 AN) and without spatial ACK bundling (1 AN).
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Figure 5: Throughput of no layer shifting and 2 MCS levels when CQI measurement error results in MCS selection being off by 1 of 14 MCS levels.  
2.3. Rank Adaptation
The previous results assumed rank-2 transmission. In practice, the eNB makes a decision between rank 1 and rank 2 transmission based on channel information for example. The SFBC curves in Figure 1 and Figure 2 show the throughout under rank-1 transmission, based on which we can see how often rank 1 and 2 are likely to be adopted. As expected:
· Rank-2 should be activated in high SNR conditions.
· Antenna gain imbalance decreases the scheduling opportunity of rank-2 transmission. However, even under AGI, rank-2 can still be used fairly often, in which case 2 MCS is preferred based on the results.  
3. Conclusion

In this contribution, the issue of MCS and layer shifting for rank-2 UL-MIMO is studied. Based on the results, we observe: 
· It is preferred to define spatial multiplexing transmission mode without layer shifting and with separate MCS levels for each transport block.
·  Performance degradation with a single MCS design is small only with layer shifting, without no antenna gain imbalance, and MMSE receiver (i.e., SIC receiver and gain imbalance will make the single-MCS choice to suffer from noticeable performance degradation).
· It is preferred to use separate HARQ process per TB (no spatial ACK bundling)

· Critical under MCS mismatch in practice or when layer shifting is not enabled.
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