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1. Introduction

This paper discusses the H-ARQ protocol extension for UL MIMO operation, defines two candidate approaches and makes a proposal on the main principles of the H-ARQ protocol extension. The considered UL MIMO architecture is in accordance with [2].
2. UL MIMO Physical Channel Structure

This paper considers the UL MIMO physical channel structure using transmission of two transport blocks (TBs) with independent (non-interleaved) mapping of the E-DPDCH and S-E-DPDCH physical data channels over the primary and secondary spatial streams respectively [1] (MIMO Option II). The assumed UL MIMO physical channel structure is shown in Figure 1. 

Precoding of the physical channels is done so that the DPCCH, E-DPCCH, and E-DPDCH are transmitted on the primary spatial channel and S-DPCCH and S-E-DPDCH on the secondary spatial channel. The S-E-DPCCH is shown in Figure 1 to be precoded with the secondary weight vector. However, precoding using the primary weight vector may also be considered as a possible option and this will have an impact on the power setting for the S-DPCCH and S-E-DPCCH channels. 

Equal transmit power is assumed for the E-DPDCH and S-E-DPDCH traffic channels on the primary and secondary spatial streams. The E-DPDCH power is set relative to the DPCCH and the DPCCH power is controlled by the ILPC and OLPC schemes operating over the primary spatial stream. The E-DPCCH power is defined as for the SIMO and CL-BFTD modes to provide the necessary traffic-to-total-pilot (T2TP) ratio. The S-DPCCH power is fixed relative to the DPCCH as for the CL-BFTD mode. The S-E-DPCCH power setting will depend on whether this channel is precoded with the primary or the secondary weight vector.
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Figure 1. UL MIMO physical channel structure
3. H-ARQ for UL MIMO

3.1. MIMO H-ARQ Design Considerations 

For the considered HSUPA MIMO scheme, a pair of TBs is transmitted over the primary strong and secondary weak spatial streams during a rank-2 transmission and a single TB is transmitted over the primary spatial stream during a rank-1 transmission. Then, after decoding by the Node B, an ACK or NACK message is provided for each transmitted TB.

The MIMO H-ARQ protocol should be specified in order to keep the most commonality with the existing single data stream protocol and to effectively extend it to the dual stream case. In order to fulfill this goal, the synchronous and non-adaptive H-ARQ scheme is proposed to be kept for the MIMO H-ARQ case. Then the number of the H-ARQ process is proposed to be doubled and to be equal to 16 processes for 2 ms TTI (instead of 8 processes for the single stream case) so that the same H-ARQ timing is preserved. 

The next requirement to the protocol is to allow support of the soft-handover (SHO) operation for MIMO using the current principles, or as a reduced requirement, support decoding of the TB transmitted over the strong spatial stream by non-serving Nodes B.

The MIMO H-ARQ protocol should specify how a retransmission is done when either one or two NACKs have been received for the original rank-2 transmission. Potential options include retransmitting using the same rank as for the original transmission or changing the retransmission rank to rank-1. When two NACKs are received for the original transmission, the retransmission should be kept at rank-2 since otherwise the H-ARQ timing will not be met and the synchronous principle will be broken. However, upon reception of one ACK and one NACK, the protocol mandated behavior may be different. Two candidate MIMO H-ARQ schemes A and B are introduced below with regard to this aspect of the protocol. Generally, some freedom may also be left at the protocol specification in order to effectively tackle the situations when the rank recommendation has been changed by the Node B from the time of the original transmission.

The next section considers the two candidate MIMO H-ARQ schemes that were selected for further evaluation by simulations.
3.2. MIMO H-ARQ Scheme A

The main feature of MIMO H-ARQ scheme A is that it does not change the rank of a retransmission relative to the rank of the original transmission independently on whether one or two NACKs have been received. 
For MIMO H-ARQ scheme A, retransmissions are done according to the next principles:

· If detection errors occur in both TBs then a rank-2 retransmission with the primary and secondary E-TFCs as for the original transmission is performed.

· If only the E-DPDCH TB transmitted over the primary spatial stream was decoded incorrectly then a rank-2 retransmission with the same E-TFC is performed. A new TB is transmitted over the S-E-DPDCH but the E-TFC is reselected according to the current grant levels that may differ from the original transmission. 

· If an error occurs only in the S-E-DPDCH TB transmitted over the secondary spatial stream then a rank-2 retransmission with the same E-TFCs as for the original transmission is performed. A new TB is sent over the E-DPDCH but keeping the previous E-TFC in order to ensure the same level of the transmit power for the S-E-DPDCH channel.

· If a rank-1 transmission is not received correctly when the retransmission is also done using rank-1 independent of the current Node B rank recommendation. Even if rank-2 becomes more effective at the time the retransmission is done, reducing the E-DPDCH power and sending the S-E-DPDCH channel over the secondary spatial stream will decrease the post-receiver SINR for the E-DPDCH and thus may adversely impact the retransmission decoding.

It should be noted that the considered scheme allows support of SHO without additional control signaling. A retransmitted TB is always allocated to the same spatial stream and the retransmission sequence number (RSN) included in the (S-)E-DPCCH message is sufficient for both serving and non-serving Nodes B to identify the H-ARQ process and its status.

A disadvantage of the approach is that the system may continue unsuccessfully retransmitting using rank-2 until the maximum number of the retransmissions is reached. Such scenario may be realized when channel conditions change to be more preferred for rank-1 operation.

A possible modification to scheme A may be to allow the Node B to change the retransmission rank from rank-2 to rank-1 if an unsuccessful transmission happened only in the E-DPDCH (strong spatial stream). In this case the Node B can recommend to use either rank-1 or rank-2 for the retransmission (i.e. the Node B will decide whether to send a new TB over the S-E-DPDCH or not). A symmetrical situation of unsuccessful transmission only in the S-E-DPDCH (weak spatial stream) would require sending a new TB over the E-DPDCH since the S-E-DPDCH transmission is assumed to be paired with the E-DPDCH.

3.3. MIMO H-ARQ Scheme B

MIMO H-ARQ scheme B has the main property of retransmitting using rank-1 over the primary spatial stream when a single error was detected for a rank-2 transmission.
The scheme B MIMO H-ARQ protocol operates as follows:

· If detection errors occur in both TBs then a rank-2 retransmission with the primary and secondary E-TFCs as for the original transmission is performed.
· If a detection error occurs only in the TB transmitted by the E-DPDCH (carried over the primary spatial stream) then this TB is retransmitted at rank-1 over the primary spatial stream. No data is transmitted over the weak spatial channel.

· If only the S-E-DPDCH TB (transmitted over the secondary spatial stream) is not received successfully then the erroneous TB is retransmitted at rank-1 over the primary spatial channel. No data is transmitted over the secondary spatial channel.
· Retransmissions for rank-1 transmissions are performed as for scheme A.
The main advantage of scheme B is that it avoids the situation of continuous erroneous retransmissions at rank-2 that is potentially possible when channel conditions change from being favorable to rank-2 to becoming very unfavorable.

The disadvantages of scheme B include:

·  Secondary spatial stream utilization is lower than for scheme A that may lead to some throughput degradation;

· Additional control signaling is required for the case when the secondary stream TB is reallocated to the primary spatial channel as otherwise non-serving Nodes B will not be able to support SHO operation for MIMO or at least for decoding of the E-DPDCH channel transmitted over the primary spatial stream. 

4. Simulation Results
Link-level simulations results for MIMO H-ARQ schemes A and B are presented in this section.
4.1. Simulation Assumptions

The used simulation assumptions are provided in Table 1.

Table 1. Simulation assumptions
	Parameter
	Value

	Physical channels
	DPCCH, S-DPCCH, E-DPCCH, and E-DPDCH for rank-1; DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, and S-E-DPDCH for rank-2.

	MIMO architecture
	Dual TB with independent mapping of TBs onto the two spatial streams

	T2TP
	(10 dB (depending on the E-TFC)

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM, 64QAM (see E-TFC set design section)

	TBS [bits]
	Variable: 120 – 22995 bits 

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	Number of H-ARQ processes
	16

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	Ideal

	Inner loop power control
	On

	Outer loop power control
	On

	Number of TX weights
	4, asymmetric phase only codebook with the weight for first antenna always equal to √2/2

	TX weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TX weight vector feedback delay
	4 slots

	TX weight vector feedback error rate
	No errors, ideal feedback

	TX weight vector update frequency
	3 slots

	Scheduler delay
	2 TTIs

	Delay for marginal loop assisting secondary stream E-TFC selection
	2 TTIs

	Marginal loop step sizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	PA3, VA3

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	MIMO rank selection
	Adaptive rank


4.2. Simulation Results

Table 2 and Figure 2 show the simulated UE throughput as a function of the target RX Ec/No for MIMO H-ARQ schemes A and B for the Ped A 3 km/h channel model. In addition, Table 2, includes the fractions of rank-1 and rank-2 transmissions and the observed gains of scheme A over scheme B.

Table 2. Simulations results for MIMO H-ARQ schemes A and B  for the 2x2 antenna configuration and the Ped A 3 km/h channel
	Mode
	RX Ec/N0, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %

	Scheme A
	2753
	98/2
	5013
	92/8
	8158
	74/26
	12123
	28/72
	15477
	9/91

	Scheme B
	2712
	98/2
	5074
	86/14
	8150
	73/27
	11709
	36/64
	14324
	19/81

	A over B throughput gain, %
	1.5
	-1.2
	0.1
	3.4
	7.4
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Figure 2. Throughput vs. target RX Ec/No for the 2x2 antenna configuration for MIMO H-ARQ schemes A and B in the Ped A 3 km/h channel
Figure 3 and Table 3 demonstrate the corresponding simulation results for the Veh A 3 km/h channel.

Table 3. Simulations results for MIMO H-ARQ Approach A and B for the 2x2 antenna configuration and the Veh A 3 km/h channel
	Mode
	RX Ec/N0, dB

	
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %
	T-put, kbps
	r-1/r-2, %

	Approach A
	2519
	99/1
	4609
	96/4
	7215
	73/27
	10420
	43/57
	14695
	7/93

	Approach B
	2495
	99/1
	4565
	96/4
	7127
	76/24
	10186
	47/53
	13587
	19/81

	A over B throughput gain, %
	1.0
	1.0
	1.1
	2.2
	7.5
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Figure 3. Throughput vs. target RX Ec/No for the 2x2 antenna configuration for MIMO H-ARQ Approach A and B in the Veh A 3 km/h channel (ideal channel estimation)
4.3. Discussion
The presented link-level simulation results demonstrate the MIMO H-ARQ schemes A and B have equal performance at the low RX Ec/No range where rank-1 transmissions are predominant. Then, with the target RX Ec/No increase, scheme A has an advantage over scheme B that reaches up to 7% for the maximum simulated RX Ec/No of 20 dB in both channel models.

Taking into account the discussed MIMO H-ARQ design considerations and the presented simulation results, MIMO H-ARQ scheme A is recommended to be agreed a working assumption.
5. Conclusion

This paper discussed design of the H-ARQ protocol extension for UL MIMO operation. 

A MIMO H-ARQ protocol extension with the following main properties is proposed to be agreed:

· Synchronous, non-adaptive H-ARQ scheme;

· Two times increased number of H-ARQ processes for rank-2 operation – 16 processes for 2 ms TTI;

· Two ACK/NACK messages (one per each TTI) for each TB of a rank-2 transmission;

· Protocol behavior upon reception of one or two NACKs is as follows:

· If detection errors occur in both TBs then a rank-2 retransmission with the primary and secondary E-TFCs as for the original transmission is performed.

· If only the E-DPDCH TB transmitted over the primary spatial stream was decoded incorrectly then a rank-2 retransmission with the same E-TFC is performed. A new TB is transmitted over the S-E-DPDCH but the E-TFC is reselected according to the current grant levels that may differ from the original transmission. 

· If an error occurs only in the S-E-DPDCH TB transmitted over the secondary spatial stream then a rank-2 retransmission with the same E-TFCs as for the original transmission is performed. A new TB is sent over the E-DPDCH but keeping the previous E-TFC in order to ensure the same level of the transmit power for the S-E-DPDCH channel.
· If a rank-1 transmission is not received correctly when the retransmission is also done using rank-1 independent of the current Node B rank recommendation. 
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