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1. Introduction
In contribution R1-081132 [1] in the Sorrento meeting in Feb. 2008, it was claimed that alternative spreading sequences for PHICH can alleviate the I/Q leakage problem. In this contribution, we show that alternative spreading sequences yields exactly the same performance as the original approach. Furthermore, we propose a PHICH remapping method with UL RB size to mitigate the leakage problem. For the proposed method, we present a link-level simulation result and propose a text change for 36.211.
2. The I/Q leakage problem and orthogonal sequences
In contribution R1-073099 [2], we proposed I/Q domain multiplexing for DL PHICHs in order to increase the ACK/NACK multiplexing capacity, and the contribution was agreed. However, as pointed out in [2], the I/Q multiplexing results in I/Q leakage problem in the case of severe channel estimation error at a UE. 
To illustrate the problem, we construct an analytical model as in the following. For simplicity, we assume that eNodeB has 1 Tx antenna and UEs have 1 Rx antenna. Note that our derivation can be easily extended to MIMO cases as well. We consider two UEs, one (UE 1) is located close to eNodeB and the other (UE 2) located far away from eNodeB. For UE 1, eNodeB uses a spreading sequence 
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, i.e., LTE-BPSK. Under the given topology of the nodes, the powers assigned by eNodeB have relation 
[image: image9.wmf]2

1

P

P

<<

. Now, we focus on UE 1; let the channel coefficients between eNodeB and UE 1 is 
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 for the PHICH REs. Then, UE 1 receives a signal: 
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where 
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 is the additive Gaussian noise. If UE 1 perfectly estimates 
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, UE 1 does not see any interference caused from the presence of UE 2’s PHICH when a standard MRC and de-spreading is utilized: 
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where 
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is the appropriately scaled noise. However, when UE 1 erroneously estimates 
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, the standard detection procedure yields decision statistics:
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where we used the fact that 
[image: image19.wmf]l

w

l

"

=

,

1

|

|

2

. Now, this detection statistics is contributed by 
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 as well. Since the power P2 for UE 2’s PHICH can be significantly higher than P1, the bit error performance for UE 1’s PHICH in the in-phase (I) domain can deteriorate a lot owing to the leakage of 
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’s signal in the quadrature (Q) domain.
From the above analytical argument, we conclude that the new approach in contribution R1-081132 [1] does not alleviate the I/Q leakage problem but only gives the same performance as the original approach. We make detailed arguments below:
1. Observing that the detection statistics at the UE 1 does not depend on the specific choice of 
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 as shown in (1) and (2), we conclude that switching a spreading sequence one to another does not make any difference on the detection performance of a UE that experiences I/Q leakage problem. 
2. LTE-BPSK, 
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, contains both I and Q components in itself. This also serves as an argument that choosing Walsh code balanced in I and Q domains does not help to balance powers of modulation symbols in I and Q domains.
3. PHICH Remapping with UL RB Size
In a recent way forward on PHICH allocation [3], it is agreed to link PHICH groups to PRB indices. A PHICH resource 
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· 
[image: image27.wmf]DMRS

n

is the cyclic shift of the DMRS used in the UL transmission for which the PHICH is related. 

· 
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is the spreading factor size used for PHICH.
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 is the number of PHICH groups configured .
This implies that a UE will have only a single PHICH resource index pair 
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 for the three repetitions. Suppose that two UEs are assigned to a PHICH group 
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, respectively. Then, a UE located closer to eNodeB may experience I/Q leakage problem during all the three PHICH repetitions.

Proposal:

In this contribution, to alleviate the I/Q leakage problem, we propose to improve the PHICH channelization as follows.  For the three repetitions of each UE’s PHICH signal, we assign an index triple,  
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 may or may not be the same in our proposal.

We further propose to assign different index triples, 
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, according to the uplink (UL)  Physical resource block (PRB) indices that a UE are assigned.   

One example of such assignment (denoted as method A) is,

1. If the number of UL PRBs is  
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2. If the number of UL PRBs is 
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In addition, for each repetition #
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, physical resource index pair  
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 is a parameter by higher layer signaling.  In particular, this proposal is mostly suitable for the case of 
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The PHICH group index for repetition #
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Under this approach, a UE close to eNodeB potentially receives three repetition PHICH signals in different REGs where different UEs are mapped together. Even if the UE experiences the I/Q leakage problem in its 1st repetition owing to another UE using the same Walsh code, the PHICH signals transmitted in the other two repetitions do not necessarily see the UE with the same Walsh code. 
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Figure 1 Mapping of PHICH group index for repetition  
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Consideration for DMRS CS:
When a set of UEs (up to 8 UEs) are under a virtual UL MIMO mode, they occupy a set of non-consecutive PHICH indices as agreed in [3]. When the PHICH indices for such UEs are configured in such a way in [3], our proposed PHICH mapping may either require a large scheduling overhead or results in a waste of resources or both, to make sure that PHICH index collision does not occur. To facilitate the use of our PHICH mapping method which reduces the effect of I/Q collision, we propose to revert back to the old PHICH assigning method for those UEs under a virtual UE MIMO mode to occupy a set of consecutive PHICH indices. For example, if PRB 0 is assigned for four UEs that are operating in a virtual MIMO mode, then PRBs 0, 1, 2, and 3 are reserved for the PHICHs for these four UEs.
An illustrative example: 
We assume that UEs are assigned to UL PRB indices as in the two left-hand columns in following table. In addition, we assume that 3 PHICH groups are available in a normal PHICH duration. Then, PHICH signals are mapped to PHICH resources as in the two right-hand columns in the following table.
Table 1 PRB and PHICH resource assignments
	UE index
	PRB index
	Original assignment

(repetition 
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(repetition 
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	0
	0,1,2,3
	(0,0,0),(1,0,0),(2,0,0)
	(0,0,0),(1,1,0),(2,2,0)

	1
	4,5
	(0,1,1),(1,1,1),(2,1,1)
	(0,1,1),(1,2,1),(2,1,1)

	2
	6,7
	(0,0,2),(1,0,2),(2,0,2)
	(0,0,2),(1,1,2),(2,0,2)

	3
	8,9,10,11
	(0,2,2),(1,2,2),(2,2,2)
	(0,2,2),(1,0,3),(2,1,3)

	4
	12
	(0,0,4),(1,0,4),(2,0,4)
	(0,0,4),(1,0,4),(2,0,4)


In the original assignment, all the three repetition PHICH signals of a UE have the same PHICH group indices, whereas in the proposed assignment, they may have different indices. The assignment of PHICHs can be alternatively described as in Figure 2. In the original assignment UEs 0 and 4 collide (i.e., one use a Walsh code
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) in all the three repetitions in PHICH group 0. On the other hand, in the proposed assignment they collide only once in group 0, from which one may expect a BER improvement for UE 0 (or UE 4) in the case of the severe I/Q leakage.
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Figure 2 Assignment of repetition PHICHs to REGs
4. Simulation Results

We present a link-level simulation result that supports our argument on the performance of the PHICH remapping method. Table 2 summarizes the simulation parameters.
Table 2 Simulation Parameters
	System Bandwidth
	5 MHz

	Number of Subcarriers
	300

	Subcarrier spacing
	15 kHz

	Occupied Bandwidth
	4.5 MHz

	Number of Transmitter/Receiver Antennas
	(Tx,Rx) = (1,2)

	Subframe Length
	1 msec (14 OFDM symbols)

	Data Modulation
	BPSK

	RS Power Boosting
	3 dB

	Channel Estimation
	Either ideal or FFT-based

	Channel Model
	TU-6


We consider the assignment of PRBs to UEs as in Table 1. We set the power ratio PID of the interfering UE to a desired UE, which is UE 1, as a parameter, and compare the BER performance of the original and the proposed PHICH mapping assignments. 
Figure 2 compares the bit-error performance of the original PHICH and the proposed PHICH mapping methods. When PID =0, channel estimation errors in the case of real channel estimation (RCE) degrade the BER by about one dB at 5×10-2 compared to the case of ideal channel estimation (ICE). For PID =10, we let the transmission power of UE 4 be 10 times as large as the power of all the other UEs. Then, UE 0, who collides with UE 4 would suffer from I/Q leakage problem in the case of RCE. When the original mapping was utilized, the BER of UE 0 is more than 3 dB worse than the other UEs at 5×10-2. However, when the proposed mapping was utilized, the BER of UE 0 is less than 1 dB worse than the other UEs. Compared to the original mapping method, the proposed method gives about 3 dB gain in BER for the worst-case UE.
We note that care should be taken upon doing MRC with the proposed method at UE 0. In the proposed mapping shown in Figure 1, the received SINRs in the three REGs at UE 0 are different from each other. More precisely, the interference in REG 0 is higher than the other two REGs owing to PHICH collision in REG 0. Thus, one need to appropriately scale down the decision statistics obtained from signals in REG 0 and to add it to the other statistics from REGs 1 and 2 to obtain the correct decision statistics of the MRC.
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(a) PID = 0 dB                                                                        (b) PID = 10 dB
Figure 2 BER of the Original and Proposed PHICH mapping methods
5. Summary

In summary, the proposed approach has the following benefits:

1. The available PHICH resources are used in a more balanced manner.
2. PHICH collisions of UEs in the repetitions can sometimes be avoided. Thus, the I/Q imbalance problem can be mitigated. 
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