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1
Introduction

In this contribution, we discuss the UL transmission modes in LTE-Advanced.
2
Discussion

2.1
Proposed UL transmission modes
In LTE Rel-8, no UL transmission modes were defined, since effectively there was a single transmission scheme. In Rel-10, we propose to introduce three transmission modes given in Table 1 below.
	Transmission mode
	Transmission scheme
	DCI Format
	Notes

	0: Single antenna port
	Single antenna port
	0
	Identical to Rel-8, antenna virtualization may need to be defined

	
	Switched diversity
	0
	Identical to Rel-8, antenna virtualization may need to be defined for 4Tx UEs

	1: Closed loop MIMO
	Single antenna port
	0
	Identical to Rel-8, antenna virtualization may need to be defined

	
	Switched diversity
	0
	Identical to Rel-8, antenna virtualization may need to be defined for 4Tx UEs

	
	Closed loop MIMO
	X
	Grant includes TRI, TPMI

Port selection in CRC mask is not used

	2: Hybrid of rank-1 beamforming and open-loop MIMO
	Single antenna port
	0
	Identical to Rel-8, antenna virtualization may need to be defined

	
	Switched diversity
	0
	Identical to Rel-8, antenna virtualization may need to be defined for 4Tx UEs

	
	rank-1 beamforming or open-loop MIMO
	Y
	Grant includes TRI

Port selection in CRC mask is not used


Table 1  Proposed Rel-10 UL transmission modes

Note that single antenna port vs. switched diversity is semi-statically configured and is not switchable dynamically.  

SRS should be configured for each antenna port that is addressable in a given transmission mode. 

2.2
Proposed DCI format for UL transmission modes
The corresponding DCI format X for “closed-loop MIMO” is discussed in [3]. Here, we provide more details about the DCI format Y for “hybrid of rank-1 beamforming and open-loop MIMO”. Table 2 summarizes the fields and corresponding bit-width for DCI format Y.
	Field
	Bit-Width
	Notes

	Resource block assignment
	FFS
	FFS

	MCS
	5
	MCS and redundancy version

	NDI_1
	1
	first NDI

	RI
	1 or 2
	1 for 2 Tx antennas, 2 for 4 Tx antennas

	NDI_2
	1
	second NDI

	PMI
	5
	precoding matrix index

	TPC
	2
	same as Rel-8

	Cyclic shift for DM RS
	3
	same as Rel-8

	UL index (TDD only)
	2
	same as Rel-8

	Aperiodic CQI request
	1 or FFS
	FFS on how to support multi-carrier

	Aperiodic SRS request
	FFS
	FFS


Table 2  DCI format for hybrid of rank-1 beamforming and open-loop MIMO
In case of 2 transmit antennas, according to the proposed DCI format Y, UE shall carry out UL transmission as defined below:
· When RI is set to 0:

· single TB transmission

· NDI_1 denotes whether this is new transmission or re-transmission

· NDI_2 dictates index of the enabled TB

· 5-bit PMI offers 32 codepoints: 

· 6 codepoints used for signalling the precoding vector for  rank-1 closed-loop beamforming 

· one of the remaining codepoints can be utilized for signalling of open-loop rank-1 transmission

· e.g. rank-1 precoding vector switching over OFDM symbols
· handle re-transmission of one TB when initial transmission is with rank-2 open-loop MIMO
· When RI is set to 1:

· rank-2 MIMO transmission of 2 TBs
· NDI_1 denotes whether TB_1 is new transmission or re-transmission

· NDI_2 denotes whether TB_2 is new transmission or re-transmission

· MCS signals the MCS for the first TB

· re-interpret the 5-bit PMI as the MCS index for the second TB
In case of 4 transmit antennas, according to the proposed DCI format Y, UE shall carry out UL transmission as follows:

· When RI is set to 0:

· single TB transmission

· NDI_1 denotes whether this is new transmission or re-transmission

· NDI_2 dictates index of the enabled TB 

· 5-bit PMI offers 32 codepoints: 

· 24 codepoints used for signalling the precoding vector for  rank-1 closed-loop beamforming 

· one of the remaining codepoints can be utilized for signalling of rank-1 open-loop transmission

· e.g. rank-1 precoding vector switching over OFDM symbols
· handle re-transmission of one TB when initial transmission is with rank>1 open-loop MIMO and this TB is mapped onto 1 layer
· another one of the remaining codepoints can be utilized for signalling of rank-2 open-loop MIMO

· handle the scenario where a TB mapped onto 2 layers is doing re-transmission

· When RI is set to 1, 2, or 3:

· do open loop MIMO transmission of 2 TBs with transmission rank (RI+1):
· apply precoding matrix switching (PMS) per OFDM symbol

· NDI_1 denotes whether TB_1 is new transmission or re-transmission

· NDI_2 denotes whether TB_2 is new transmission or re-transmission

· MCS signals the MCS for the first TB

· re-interpret the 5-bit PMI bits as the MCS index for the second TB

Some salient features of our proposed DCI format Y and the corresponding UL transmission mode can be summarized as follows:
1. A compact DCI format can schedule either rank-1 closed-loop beamforming or higher rank open-loop spatial multiplexing
2. One hybrid UL transmission mode corresponds to two DL transmission modes, i.e. TM3: large delay CDD and TM6: closed-loop single-layer beamforming 
· DL transmission modes: TM3 and TM6 turn out to be the most useful and popular configured modes in Rel-8/9, so the proposed hybrid UL transmission mode is also expected to play an important role in LTE-A
3. Low geometry UEs can benefit from rank-1 closed-loop beamforming
· UEs with correlated transmit antennas will also be able to benefit from beamforming gain easily

4. High geometry UEs with high Doppler will be able to benefit from open-loop spatial multiplexing 
2.3
Simulation results for the open-loop MIMO transmission
Link simulations were performed with the proposed open loop transmission scheme.  The simulations assumed 4x4 antenna configuration.  

In the open loop transmission scheme, four unprecoded DM-RS signals were used. The precoder used for transmission was cycled through the rank-3 precoding matrices. The sequence of precoding matrices is known to the eNB. 

The detailed simulation assumptions are given in Table 3 below. 

	Parameter
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	Data transmission BW
	4 RBs

	Slot format
	Normal CP

	Channel model
	Typical Urban

	Speed
	3kmph, 60kmph

	Antenna configuration
	4x4

	Transmission rank
	3

	Antenna correlation
	0.0

	Receiver
	Linear MMSE

	Channel estimation
	Realistic channel estimation

	Configured SRS period
	5ms

	Precoding codebook
	Rank 3 codebook in TR 36.814

	Simulated transmission schemes
	1.   Closed-loop spatial multiplexing

Precoding matrix in each subframe is selected by the eNB scheduler according to the sounded UL channel via the periodic broadband SRS
2.   Open loop spatial multiplexing (PMS) 

Precoding matrix for each data SC-FDM symbol is cycled through the set of precoding matrices and the sequence of the selected precoding matrices is assumed known to the eNB receiver


Table 3  Simulation assumptions

The simulation results for 60 kmph and 3 kmph velocities are given in Figure 1 and 2 respectively. 
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Figure 1  Comparison of open-loop and closed-loop transmission schemes at 60kmph
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Figure 2  Comparison of open-loop and closed-loop transmission schemes at 3kmph
As it can be seen from Figure 1, the open-loop rank-3 transmission scheme outperforms the closed-loop scheme at high velocity by about 0.7dB.  

At the same time, the open loop scheme can be scheduled without requiring additional DL control overhead considering the fact that the proposed DCI format Y can be used for scheduling rank-1 closed-loop beamforming as well.  In the case of 4Tx configuration, compared to DCI format X described in [3], we have saved 3 bits. 
3
Conclusions

This contribution discusses the details of Rel-10 UL transmission modes:   

· One new UL transmission mode should be defined to utilize the new DCI format scheduling closed loop UL MIMO transmissions. 

· DCI format X for this mode is discussed in more detail in [3]  
· An additional new UL transmission mode should be specified to support both closed-loop beamforming and open-loop UL MIMO transmissions. 

· details of DCI format Y for this mode can be found in Table 2
· In every UL transmission mode, DCI format 0 should be used as a fallback to schedule single-antenna port transmission. 
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