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1 Introduction
From RAN1#60, the following agreement was made:
· No layer shifting, and continue discussion on HARQ bundling
The remaining issue is how to handle the HARQ for UL MIMO and the following alternatives are potential options.

· Alternative 1: 1 HARQ-ACK on PHICH and 1 NDI on PDCCH

· Alternative 2: 1 HARQ-ACK on PHICH and 2 NDIs on PDCCH

· Alternative 3: 2 HARQ-ACKs on PHICH and 2 NDIs on PDCCH

Previous to the outcome of RAN1#60, Alternative 1 was assumed for layer shifting while Alternative 3 was assumed for no layer shifting. Alternative 2 was raised as a modified HARQ solution for no layer shifting [1,2] during RAN1#60. However, any consensus on HARQ handling has not been made yet.
In this contribution, we review the capability of each alternative and compare them in terms of performance and control signalling overhead.
2 UL HARQ in LTE
LTE physical layer has specified HARQ to complement link adaptation. Modulation and coding scheme for each link is decided to maximize the link throughput while the target error rate is fulfilled. However, ideal link adaption is not practical due to the imperfect knowledge at the eNB about the channel condition. HARQ is a tool for the receiver to request a retransmission by sending NACK to the transmitter. On the other hand, the receiver will inform the transmitter of ACK for early termination. 
HARQ operations are classified into synchronous HARQ and asynchronous HARQ depending on when the retransmission is made. Synchronous HARQ has a prefined periodic retransmission timing. In asynchronous HARQ operation, on the other hand, downlink control signalling on PDCCH triggers the retransmission, i.e. the retransmission timing is defined by when the PDCCH is received. Synchronous HARQ does not need to signal HARQ process identification on PDCCH since it can be implicitly derived from the index of the subframe on which the PDCCH with the DCI for the initial transmission is received. On the other hand, asynchronous HARQ requires the definition of HARQ process identification as an information element on PDCCH since retransmissions may take place at any time after receiving the ACK/NACK signal.
HARQ operations are also classified into adaptive HARQ and non-adaptive HARQ depending on how the transmission property of a retransmission is decided. Adaptive HARQ can change the transmission property such as MCS level for each retransmission, while non-adaptive HARQ always keeps the transmission property for retransmissions identical to the initial transmission. In adaptive HARQ, PDCCH is used to signal the change in the transmission property.
LTE UL and DL adopt synchronous HARQ and asynchronous HARQ, respectively. Since LTE UL HARQ is synchronous, PDCCH does not need to be transmitted to request a retransmission in a typical case. PHICH containing the ACK/NACK will notify the UE whether a retransmission is needed or not. LTE UL also adopts adaptive HARQ such that by transmitting PDCCH, the eNB can change a set of transmission properties such as RB allocation, DM-RS cyclic shift, MCS level, redundancy version, new data indicator (NDI), etc. Since LTE Rel-10 will start supporting UL SU-MIMO, PDCCH for UL SU-MIMO grants should also have additional information on the transmission property for the secondary transport block and its precoder indication.
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(a) PUSCH retransmission triggered by PHICH.
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(b) PUSCH retransmission triggered by PDCCH.
Figure 1. LTE UL HARQ operations.
Figure 1 illustrates HARQ operations in LTE UL. PDCCH is transmitted to initially grant PUSCH but PHICH can be used to trigger retransmissions of PUSCH without PDCCH signalling by virtue of synchronous HARQ as shown in Figure 1(a). In addition to the PHICH triggered retransmission, eNB can transmit PDCCH as shown in Figure 1(b) to grant retransmissions of PUSCH when it wants to change a transmission property at the expense of PDCCH signalling overhead. Considering the fact that PDCCH contains much more information than PHICH, the eNB will consume much more DL resources in sending PDCCH compared to the case of PHICH only transmission.

3 Review of the Alternatives
Alternative 1

Alternative 1 assumes spatially bundled HARQ operations of two transport blocks. UL MIMO enables two codeword transmissions by constructing multiple layers. Note that a transport block is mapped to a codeword in MIMO operations. Since each transport block has its own CRC, the eNB can detect whether a transport block is successfully decoded or not. In Alternative 1, there is only one HARQ-ACK signal, which is spatially bundled, on PHICH. Only when both transport blocks are successfully decoded, ACK is signalled. Otherwise, NACK is signalled. There is only one NDI on PDCCH. NDI will be toggled only when new grants for both codewords are made. Since the UE cannot figure out which transport block needs to be retransmitted, therefore, it cannot help retransmitting both transport blocks always. 
This operation was suggested for layer shifting. This is because layer shifting leads to very high correlation between decoding success events for two parallel transport blocks [3]. On the other hand, since the decoding correlation decreases without layer shifting, HARQ spatial bundling will cause a certain level of performance degradation. We will discuss this performance issue in Section 4.
Alternative 2
Alternative 2 provides a single HARQ-ACK signal on PHICH while defining two NDIs on PDCCH. With PHICH only, spatially bundled HARQ operation is supported. However, the NDIs on PDCCH can be used to enable individual HARQ retransmissions.
When a UE which has been assigned a multi-rank PUSCH transmission by the initial grant detects only PHICH and no PDCCH as a response to the initial PUSCH transmission, it cannot figure out which transport block needs to be retransmitted as in Alternative 1. Therefore, the UE will transmit both transport blocks in the retransmission stage.

On the other hand, if the UE successfully detects PDCCH, it can check the NDI bit corresponding to each transport block. The UE will assume that the eNB has successfully decoded the transport block associated with the toggled NDI during reception of the previous PUSCH and that the eNB has granted a new transport block on the layers occupied by the previous transport block. If both NDIs are toggled, then the PDCCH is regarded as an initial grant. According to Rel-8 specifications, the UE which detected PDCCH for UL grant will disregard the HARQ-ACK information on PHICH. In summary, the NDI on PDCCH handles retransmission of each transport block.

Alternative 2 cannot handle individual HARQ operation for each transport block without PDCCH. When the eNB fails to decode both transport blocks, then it may be able to send PHICH without PDCCH to let the UE resend PUSCH using the same transmission property as signalled by the PDCCH previously. However, if the eNB successfully decode one transport block but fails to decode the other, there are two choices. One is to send PHICH signalling NACK. In this case, the UE will just retransmit both transport blocks to respond to the NACK signal and therefore the gain from 2 HARQ-ACKs cannot be achieved. The other is to send PDCCH to explicitly indicate which transport block needs to be retransmitted. In this case, the gain from 2 HARQ-ACK is achievable but the eNB consumes DL resources for PDCCH transmissions. Here, the DL resources include not only the resource elements(REs) necessary for signal transmission but also the transmit energy. Since the individual HARQ handling is only enabled by PDCCH signalling, the resource overhead should be evaluated for fair comparison with other alternatives. Overhead analysis will be discussed in Section 6.
Another issue on Alternative 2 is how to terminate PUSCH retransmissions. Figure 2 illustrates the potential problem. Initially a PDCCH is transmitted to a UE with toggled NDI bits so that the UE transmits two codewords. When the eNB receives the initial PUSCH, it fails to decode the first codeword (CW0) but succeeds in decoding the second codeword (CW1). Then the second PDCCH will signal the toggled NDI corresponding to CW1 and the untoggled NDI corresponding to CW0 and the UE will resend CW0 but transmit new CW1’ on PUSCH. Even though the eNB wanted to receive a little more redundancy on CW0 only for its successfully decoding, the eNB has no choice but to initiate the transmission of CW1’ by PDCCH. When the eNB receives the retransmitted CW0, CW0 is now likely to be decoded since two redundancy versions are accumulated after the reception of the second PUSCH. However, since CW1’ is less likely to be decoded, the eNB may request another redundancy of CW1’ to the UE with granting another initial grant of CW0’ by sending the third PDCCH. Then, on the third PUSCH, the UE is supposed to send a retransmission of CW1’ and the initial transmission of CW0’. Combining the initial transmission of CW1’ on the second PUSCH and the retransmission of CW1’ on the third PUSCH, the eNB will have a higher successful decoding probability of CW1’ than CW0’ since CW0’ has no HARQ combining gain. Due to such difference in decoding probabilities, the eNB will be likely to send the untoggled NDI corresponding to CW0’ and the toggled NDI corresponding to CW1’. This behaviour will be repeated until both codewords are successfully decoded at the same time so that the eNB can send ACK on PHICH. 
Typical traffic is not modelled as the full buffer case. Hence, the eNB may not want to grant PUSCH in a way of the example shown in Figure 2. Moreover, considering the fairness in scheduling, the eNB may want to give another UE a chance to use the UL resource as soon as possible. Accordingly, more probable case will be that the eNB just requests a retransmission of the undecoded codeword only. Figure 3 shows the example. Initial grant is signalled by PDCCH setting toggled NDIs for both codewords. The UE transmits CW0 and CW1 on PUSCH. Since the eNB successfully decoded CW1, it wants to request a retransmission of CW0 without assigning another codeword. This is to terminate HARQ operations for the UE. If the eNB successfully decodes CW0 by receiving another redundancy of CW0 on the second PUSCH, it will send ACK on PHICH and the UE will just stop transmitting PUSCH and release the assigned UL resources. To enable this operation, the PDCCH should be able to signal that only one codeword needs to be retransmitted.
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Figure 2. An example of HARQ operation in Alternative 2.
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Figure 3. Termination of UL HARQ in Alternative 2.
Alternative 3

Alternative 3 supports two HARQ-ACKs on PHICH and two NDI bits on PDCCH. HARQ operations can be handled by either PHICH or PDCCH. Alternative 3 is the most promising technique in a sense of proving best flexibility to the eNB. If the eNB wants to change a set of transmission properties, then it will transmit PDCCH at the expense of PDCCH signalling overhead. If the eNB just wants to handle the HARQ retransmissions of each transport block individually, then it will transmit PHICH to signal HARQ-ACKs without PDCCH. Note that PDCCH is much more expensive than PHICH in terms of the resource usage cost. Details on the resources usage cost will be discussed in Section 6.
Alternative 3 is more in line with the original design principle of UL HARQ in Rel-8. As reviewed in Section 2, LTE UL has specified synchronous and adaptive HARQ. Therefore, only when the eNB wants to change the transmission property from the initial grant, it is willing to transmit PDCCH. Otherwise, sending the HARQ-ACK signal on PHICH is good enough. Likewise, Alternative 3 does not mandate PDCCH signalling for individual UL HARQ handling.
Alternative 3 can also easily terminate PUSCH transmissions as shown in Figure 4. Initial grant is signalled by PDCCH setting toggled NDIs for both codewords. The UE transmits CW0 and CW1 on PUSCH as a response to the initial grant. Assuming that the CW1 is successfully decoded but CW0 isn’t, the eNB will send NACK to CW0 and ACK to CW1 on PHICH. Then the UE will just retransmit CW0 on PUSCH. If CW0 is finally decoded, then the eNB will send ACK to CW0 and the UE will release the assigned UL resources finally. In this example, PDCCH is only used to indicate the initial grant and PHICH can handle the individual HARQ operations without any problem.
4 Performance degradation due to HARQ spatial bundling

HARQ operations supportable by each alternative have been discussed in the previous section. The next step is to investigate how much performance degradation the constraint of each alternative’s HARQ operations will lead to and how much DL resource will be spent to enable each alternative’s HARQ operations. This section will discuss about performance degradation due to HARQ spatial bundling by observing evaluation results.
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Figure 4. Termination of UL HARQ in Alternative 3.
Table 1. Simulation assumptions for performance comparison.
	Antenna configuration
	2x2

	Channel model
	TU-6 ( 3 km/h and 30 km/h )

	RB allocation
	4 RBs to one UE

	Precoding codebook
	2x2 Identity matrix

	Link adaptation
	On

	Channel estimation
	Realistic (2D-MMSE)

	System BW
	10 MHz

	Receiver
	MMSE 

	DM RS
	Rel-8 DM RS with 2 cyclic shifts

	HARQ operation
	Chase combining

	Max number of retransmissions
	3

	Target BLER
	10% for the 1st round for each CW

	Link measurement/prediction delay
	4ms


Simulation assumptions for this performance comparison campaign are listed in Table 1. Figure 5 shows the throughput performance comparison between individual HARQ-ACKs (2 ACK/NACKs) and spatially bundled HARQ-ACK (1 ACK/ANCK). It is clearly observed that having individual HARQ-ACKs is always beneficial for any SNR region and for both low and medium mobility cases, which are of interest to link adaptations.
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(a) Low mobility (3km/h)
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(b) Medium mobility (30km/h)


Figure 5. Throughput performance comparison: Individual HARQ-ACKs vs Spatially bundled HARQ-ACK.
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(a) Low mobility (3km/h)
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Figure 6. Relative gain of individual HARQ-ACKs over spatially bundled HARQ-ACK.
Figure 6 shows the relative gain from individual HARQ-ACKs over spatially bundled HARQ-ACK. In case of low mobility (3km/h), the relative gain is about 10%. As the UE speed increases, the relative gain is a little bit reduced but still it is around 9%.

This set of evaluation results confirms that we will lose non-negligible performance gain when just relying on the spatially bundled HARQ-ACK signal. In other words, separate HARQ-ACKs for each transport block should be supported. 

	Observation 1:
2 HARQ-ACK approach provides about 10% gain over spatially bundled HARQ-ACK in SU-MIMO throughput
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	(a) PHICH design (a)
	(b) PHICH design (b)
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	(c) PHICH design (c)
	(d) PHICH design (d)


Figure 7. PHICH designs.
5 PHICH designs supporting 2 ACK/NACK bits

For Alternative 3, a PHICH should be designed to indicate 2 ACK/NACK bits. In this contribution, following PHICH designs are considered:

(a) 1 ACK/NACK bit on one PHICH resource

(b) 2 ACK/NACK bits on two PHICH resources using individual repetition code

(c) 2 ACK/NACK bits on one PHICH resource using joint (3,2) block code

(d) 2 ACK/NACK bits on two PHICH resources using joint (6,2) block code
Figure 7 illustrates these PHICH designs. 
Design (a) is identical to Rel-8 PHICH and suitable to Alternatives 1 and 2. Multiple Rel-8 PHICHs mapped to the same set of resource elements constitute a PHICH group, where PHICHs within a PHICH group are differentiated by different orthogonal sequences. A PHICH group consists of 8 PHICHs and occupies 3 resource element groups. Since one resource element group(REG) is defined by 4 consecutive non-RS resource elements, a PHICH group consumes 12 resource elements. Hence, one PHICH resource is an orthogonal sequence on an REG and equivalent to 1.5 REs. Since a ACK/NACK bit is modulated and transmitted over 3 REGs using a given orthogonal sequence, we can say that a (3,1) repetition code is used in Design (a).

Since Designs (b)-(d) are to support 2 ACK/NACK bits on a PHICH, they are applicable to Alternative 3.

Design (b) is a simple extension from Design (a) to have 2 ACK/NACK bits. To multiplex 2 ACK/NACK bits in Design (b), 2 PHICH resources are used to construct a PHICH and each PHICH resource conveys an ACK/NACK bit. 

Design (c) is to put 2 ACK/NACK bits on the same amount of resources as Design (a), i.e. one PHICH resource is used to construct a PHICH. 2 ACK/NACK bits are multiplexed by using (3,2) block coding in this design.

Design (d) is to put 2 ACK/NACK bits on the same amount of resources as Design (b), i.e. two PHICH resources are used to construct a PHICH. 2 ACK/NACK bits are multiplexed by using (6,2) block coding in this design.
Designs (a) and (c) consume the same amount of resources in terms of RE usage while Design (c) requires more transmit energy than Design (a) to guarantee the same protection. Designs (b) and (d) consume the same amount of resources in terms of RE usage. However, since Design (d) takes advantage of a better channel coding scheme than Design (b), Design (d) will spend less amount of resources than Design (b) in terms of transmit energy. Detailed analysis on resource overhead is provided in Section 6.
6 Overhead comparisons
6.1 PHICH performance
BPSK is used as the modulation scheme in PHICH. Table 2 summarizes the required energy for each PHICH design to achieve the target error performance of 
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Table 2. PHICH performance for each PHICH design.
	PHICH design
	Required receive energy

	Design (a)

· 1 A/N bit on one PHICH resource
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	Design (b)

· 2 A/N bits on two PHICH resources using individual repetition code
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	Design (c)

· 2 A/N bits on one PHICH resource using joint (3,2) block code
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	Design (d)

· 2 A/N bits on two PHICH resources using joint (6,2) block code
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PHICH group REGs are located over the entire system bandwidth in a distributed manner to obtain sufficient frequency diversity gain. Since the energy values given in Table 2 are derived assuming AWGN channel, actually required received energy should be calculated by applying the equivalent SNR capturing the fading impact and frequency diversity gain into the equations. Therefore, even though Designs (c) and (d) show the same performance in the AWGN channel, Design (d) would not be worse than Design (c) considering the additional frequency diversity gain. Additionally, PHICHs are designed to obtain space diversity gain by adopting the modified SFBC. In the following analysis, we will assume that PHICHs already exploit a sufficiently large diversity order from frequency diversity and space diversity schemes. Under this assumption, Designs (c) and (d) will require the same amount of resources in terms of transmit energy. However, Design (d) consumes doubled resources compared to Design (c) in terms of RE usage.
6.2 PDCCH performance

RAN1 has been discussing about the detailed DCI designs for UL SU-MIMO. A companion contribution in [4] introduces DCI format 0B to support UL SU-MIMO and addressed which information elements need to be defined in DCI format 0B. In this contribution, we will assume that the size of DCI format 0B is 52bits including 16-bit CRC. We performed computer simulations to derive the required receive 
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Table 3. Required 
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	10%
	2.51 (4.08dB)
	0.89 (-0.50dB)
	0.45 (-3.50dB)
	0.22 (-6.50dB)

	5%
	2.66 (4.25dB)
	1.00 (0.00dB)
	0.47 (-3.25dB)
	0.25 (6.10dB)

	1%
	3.16 (5.00 dB)
	1.19 (0.75 dB)
	0.60 (-2.25dB)
	0.30 (-5.25dB)


To calculate the required transmit energy of a PDCCH, the results shown in Table 3 should be revised to the required receive 
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Table 4. Required 
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	10%
	90.43 (19.56dB)
	64.17 (18.07dB)
	64.32 (18.08dB)
	64.47 (18.09dB)

	5%
	95.79 (19.81dB)
	72.00 (18.57dB)
	68.13 (18.33dB)
	70.70 (18.49dB)

	1%
	113.84 (20.56dB)
	85.57 (19.32dB)
	85.77 (19.33dB)
	85.98 (19.34dB)


6.3 Transmit energy comparison

Using the performance results above, the required transmit energy to fulfil the target performance will be compared between alternatives. Two comparison scenarios will be discussed in this section. Scenario 1 is the situation where PDCCH only or PHICH only is transmitted to inform a UE of HARQ-ACK signals. It is assumed that the eNB does not intend to change any transmission property but wants to indicate HARQ-ACK signals. In Scenario 1, following cases are compared:

Case 1-1. PHICH only


Case 1-1(a). PHICH Design (a): 1 A/N bit on one PHICH resource

Case 1-1(b). PHICH Design (b): 2 A/N bits on two PHICH resources using individual repetition code
Case 1-1(c). PHICH Design (c): 2 A/N bits on one PHICH resource using joint (3,2) block code
Case 1-1(d). PHICH Design (d): 2 A/N bits on two PHICH resources using joint (6,2) block code
Case 1-2. PDCCH only: 52-bit DCI format 0dB
Case 1-1(a) is the baseline for comparisons. To inform a UL SU-MIMO UE of 2 HARQ-ACK signals, Alternative 3 can utilize Case 1-1(b), Case 1-1(c), Case 1-1(d), and Case 1-2 while Alternative 2 has only choice of Case 1-2.
Assuming that the PDCCH and PHICH experience the same channel gain of 
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Let’s denote 
[image: image39.wmf]1

D

 as the required transmit energy ratio of Case 1-2 to Case 1-1(a). Following equation (1), we can derive 
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Table 5. Required transmit energy ratio of Case 1-2 to Case 1-1(a). 
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	10%
	18.94 (12.77dB)
	13.44 (11.28dB)
	13.47 (11.29dB)
	13.50 (11.30dB)

	5%
	20.06 (13.02dB)
	15.08 (11.78dB)
	14.27 (11.54dB)
	14.81 (11.70dB)

	1%
	23.84 (13.77dB)
	17.92 (12.53dB)
	17.96 (12.54dB)
	18.01 (12.55dB)
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Table 6. Required transmit energy ratio of Cases 1-1(b), (c), (d) relative to Case 1-1(a). 
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Figure 8. Transmission energy ratios in Scenario 1.
As shown in Table 6 and Figure 8, HARQ signalling with PDCCH requires about 10 dB more transmission energy than that with PHICH. This analysis confirms that PDCCH is much more expensive than PHICH to enable 2 HARQ-ACKs. According to the analysis in [6], we may face a problem in PDCCH capacity in LTE Rel-10 which provides enhanced MU-MIMO features. It is strongly recommended to utilize physical layer control resources as efficiently as possible. The saved resources can be used to improve PDCCH capacity or to improve PDSCH throughput.
	Observation 2:
PDCCH transmission consumes about 10dB more transmission energy than PHICH transmission for indication of 2 HARQ-ACKs.


Campaign 2 is the situation where both PDCCH and PHICH are transmitted simultaneously. This is a valid scenario for adaptive HARQ to change a set of transmission properties since PDCCH needs to be transmitted to indicate such change. In Campaign 2, following cases are compared:

Case 2(a). PHICH Design (a) + PDCCH of 52-bit DCI format 0B
Case 2(b). PHICH Design (b) + PDCCH of 52-bit DCI format 0B
Case 2(c). PHICH Design (c) + PDCCH of 52-bit DCI format 0B
Case 2(d). PHICH Design (d) + PDCCH of 52-bit DCI format 0B
Case 2(a) is the baseline for comparisons. Alternative 2 will utilize Case 2(a) while Alternative 3 will work with one of the other cases. Following required transmit energy ratios are compared:



[image: image56.wmf]()()

,,,,

()

2

()()

,,,,

++

D==

++

bb

TxPHICHTXPDCCHRxPHICHRXPDCCH

b

aa

TxPHICHTXPDCCHRxPHICHRXPDCCH

EEEE

EEEE


(3)



[image: image57.wmf]()()

,,,,

()

2

()()

,,,,

++

D==

++

cc

TxPHICHTXPDCCHRxPHICHRXPDCCH

c

aa

TxPHICHTXPDCCHRxPHICHRXPDCCH

EEEE

EEEE


(4)



[image: image58.wmf]()()

,,,,

()

2

()()

,,,,

++

D==

++

dd

TxPHICHTXPDCCHRxPHICHRXPDCCH

d

aa

TxPHICHTXPDCCHRxPHICHRXPDCCH

EEEE

EEEE


(5)

Table 7 shows the results of the required transmit energy ratios. If the target BLER of PDCCH is 1% and PHCIH design (c) is used, then less than 0.2dB transmission energy should be consumed to support 2-A/N PHICH. This concludes that additional energy consumption for PHICH to be able to signal 2 HARQ-ACKs is very marginal once PDCCH is transmitted together. 
	Observation 3:
When PDCCH needs to be transmitted for indication of transmission property changes, additional transmission energy consumption for transmission of a 2-A/N PHICH is very marginal compared to that for transmission of a 1-A/N PHICH.


Table 7. Required transmit energy ratio of Cases 2(b), (c), (d) to Case 2(a).
	BLER
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7 Conclusion
In this contribution, following three alternatives for handling UL HARQ with UL SU-MIMO were reviewed 
· Alternative 1: 1 HARQ-ACK on PHICH and 1 NDI on PDCCH

· Alternative 2: 1 HARQ-ACK on PHICH and 2 NDIs on PDCCH

· Alternative 3: 2 HARQ-ACKs on PHICH and 2 NDIs on PDCCH

and four PHICH designs were discussed. We presented UL SU-MIMO throughput performance evaluations depending on whether to adopt individual or bundled HARQ-ACK and provided overhead consumption comparisons between alternatives. From the throughput evaluations, we observed that
Observation 1: 
2 HARQ-ACK approach provides about 10% gain over spatially bundled HARQ-ACK in SU-MIMO throughput
Moreover, the overhead consumption comparisons provide us the following insights:

Observation 2:
PDCCH transmission consumes about 10dB more transmission energy than PHICH transmission for indication of 2 HARQ-ACKs.
Observation 3:
When PDCCH needs to be transmitted for indication of transmission property changes, additional transmission energy consumption for transmission of a 2-A/N PHICH is very marginal compared to that for transmission of a 1-A/N PHICH.
Observation 1 concludes that 2 HARQ-ACK should be supported to maximize the UL SU-MIMO performance. Alternatives 2 and 3 are the potential solution which can provide a tool to support 2 HARQ-ACKs. Alternative 2 enables 2 HARQ-ACKs by using NDI bits on PDCCH while Alternative 3 does with 2 ACK/NACK bits on PHICH.
Observation 2 concludes that Alternative 2 is not a good approach in managing the DL control resource overhead compared to Alternative 3 since PDCCH is much more expensive than PHICH. If we can save the DL control resource, then the saved resources can be used to improve the DL throughput or PDCCH capacity.
Observation 3 also confirms that Alternative 3 is an efficient way to provide 2 HARQ-ACK signals. If the eNB intends to change a set of transmission properties, PDCCH should be transmitted. Since PDCCH is much heavier than PHICH, even though PHICH was designed to signal 2 ACK/NACK bits, the increase in transmission energy is very marginal.

It was also discussed that Alternative 3 is more flexible than Alternative 2 since Alternative 3 enables the eNB to choose either PDCCH or PHICH considering PDCCH capacity and link adaptation operation as well while taking advantage of individual HARQ in UL MIMO.
Based on the observations, we propose to adopt Alternative 3 as the solution of UL HARQ for UL SU-MIMO.

	Proposal:
2 HARQ-ACKs on PHICH and 2 NDIs on PDCCH (Alternative 3)
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