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1
Introduction
In [1], the mapping of PHICH resources for scheduled PUSCH transmissions is specified. The PHICH resource allocation is linked to the lowest index PRB of the uplink resource allocation, and is adjusted based on the DM-RS cyclic shift signalled in the UL grant. 

At RAN1 #52b, the mapping from signalled values to cyclic shifts for the UL DM-RS was discussed and decided. The allocation shown in Table 1 below was agreed. 

Table 1 
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	Signaled bit field
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	000
	0

	001
	2

	010
	3

	011
	4

	100
	6

	101
	8

	110
	9
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In this contribution we discuss the impact of this agreed allocation on PHICH resource mapping. 

2
Discussion

2.1
 Mapping to PHICH resources

The PHICH resource for scheduled PUSCH transmissions is identified [1] by the index pair
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where 

· 
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is the signaled cyclic shift of the DM-RS used in the UL transmission for which the PHICH is related.  Based on Table 1,  
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· 
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= 4 (normal CP) or 2 (extended CP) is the spreading factor size used for PHICH modulation as described in section 6.9.1 in [2].
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is the lowest index PRB of the uplink resource allocation.

· 
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 is the number of PHICH groups configured given by 
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where 
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 is the UL system bandwidth in RB, and Nh is signalled on the PBCH as 1/6, 1/2, 1 or 2.
2.2 
Issues with Current Mapping Scheme

It appears that there is a discrepancy between the perceived intent of the definition of 
[image: image14.wmf]group

PHICH

n

 and 
[image: image15.wmf]seq

PHICH

n

and the allowed values for 
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Note that the signalled
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 has 8 possible values. If it is directly applied to the computation of 
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as in (1), the inputs to the computation will have a higher dimensional space (roughly 8
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 or less, depending on Nh). Thus, the PHICH mapping scheme given by (1) is inevitably subject to collisions. Collisions occur when two or more scheduled PUSCH transmissions are mapped to the same PHICH resource location. 

It greatly simplifies the scheduler operation if PHICH collisions can be avoided by design of the PHICH mapping. Even though PHICH collisions can be avoided with any kind of PHICH mapping by careful UL scheduling at the cost of some scheduling restriction, this requires fair amount of complexity in the eNB. 

2.3 
Proposed Solution
In order to avoid collisions in PHICH resource mapping, the degree of the freedom of the inputs has to be reduced.  Apparently, it is not desirable to limit the freedom of
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The proposed solution consists of the following:

· 
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 Signalling Restriction
· For non-SDMA transmissions, 
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· For 2-way SDMA transmissions, 
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· For 3-way SDMA transmissions, 
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· For 4-way, SDMA transmissions, 
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· …

· Layer 3 Signalling: 
·  Each UE is signalled via L3 a configurable parameter 
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, which is interpreted as follows. If the UE is signalled a non-zero 
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 in the UL grant,
· The number of consecutive UL PRBs assigned for the UE with a non-zero 
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is at least 
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· The mapping of PHICH resources is a function of 
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 (details later)
· (
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,
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)-dependent PHICH mapping:
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The PHICH resource mapping in (2) relies on two key features:

· By limiting the number of assigned UL PRBs is at least 
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, the eNB can allocate 
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 PHICH resources for the SDMA multiplexed users. Here adjacent means that the 
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PHICH resources that would be assigned to 
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 adjacent UL PRBs.

· The mapping of PHICH resources further follows a mirror-mapping rule, such that PHICH resources belonging to the same SDMA multiplexing transmissions are mapped to distinct groups and distinct sequences in a group (cf. same sequence but different I and Q branches) as much as possible.

For the PHICH mapping rule in (2), the currently agreed signalled value to 
[image: image41.wmf]DMRS

n

 map is not optimum in the sense that the distance between the assigned cyclic shifts is typically low for few SDMA users.  We can improve this if we adopt the mapping given in Table 2 below. 

Table 2: Demodulation reference signal cyclic shift for PUSCH
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2.4 
Examples

To better understand the proposed solution in (2), here let us look at some examples. It is assumed that NRB = 25 and Nh = 2. The normal CP case is shown.
Figure 1 shows the case when 
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, and at most 2-way SDMA transmissions are scheduled. As can be seen, collision-free PHICH mapping is achieved. In addition, a pair of SDMA transmissions often have the PHICH resources mapped to two distinct groups.
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Figure 1 Illustration of the proposed PHICH resource mapping scheme for up to 2-way SDMA transmissions, 
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Figure 2 shows the case when 
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, and at most 2-way SDMA transmissions are scheduled. As can be seen, collision-free PHICH mapping can also be achieved (recall that the SDMA users are assigned at least 
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 PRBs). In addition, a pair of SDMA transmissions always have the PHICH resources mapped to two adjacent groups.
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Figure 2 Illustration of the proposed PHICH resource mapping scheme for up to 2-way SDMA transmissions, 
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 = 25, Nh = 2, 
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Figure 3 shows the case when 
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, and at most 4-way SDMA transmissions are scheduled.
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Figure 3 Illustration of the proposed PHICH resource mapping scheme for up to 4-way SDMA transmissions, 
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Figure 4 shows the case when 
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, and at most 4-way SDMA transmissions are scheduled.
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Figure 4 Illustration of the proposed PHICH resource mapping scheme for up to 4-way SDMA transmissions, 
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Figure 5 shows the case when 
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, and at most 4-way SDMA transmissions are scheduled.
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Figure 5 Illustration of the proposed PHICH resource mapping scheme for up to 4-way SDMA transmissions, 
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3
Conclusions 

In this contribution, we point out that current PHICH resource mapping scheme is subject to collisions, even if Nh is configured to be 2 and there is 2-way SDMA transmission. Note that due to the 3-bits on the PDCCH with the UL grant to indicate different DM-RS cyclic shifts, the UL of LTE has the potential to multiplex up to 8 UEs within the same RBs. 

The currently defined collision-prone PHICH mapping scheme makes the UL scheduler design unnecessarily complicated if we want to guarantee that different UEs are mapped onto different PHICH resources.
Our proposed PHICH mapping scheme is guaranteed to be collision-free as long as the number of PHICH resources is the same as the total number of UEs that can be simultaneously scheduled (e.g. 2-way SDMA and Nh=2). Alternatively, we guarantee collision-free mapping by setting a simple and explicit restriction on the UL data allocation for SDMA’d UEs (e.g. 2-way SDMA, Nh=1 and 
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).  It is worth emphasizing that the current PHICH mapping scheme imposes an implicit restriction on the UL data allocation, which unnecessarily leads to complicated UL scheduling design in the eNB.
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