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1 Introduction
In RAN1 #58bis, the following agreements on the PHICH design principle were made: 
· Re-use PHICH physical transmission aspects from Rel-8 (orthogonal code design, modulation, scrambling sequence, mapping to REs)
· PHICH transmitted only on the DL CC that was used to transmit the UL grant
· PHICH resource mapping rules:

· For 1:1 or many:1 mapping between DL and UL without CIF:

· Reuse Rel-8 mapping 

In RAN1#60, a single set PHICH resource shared by Rel-8 and Rel-10 UEs was agreed as the working assumption when multiple UL carriers are mapped to a single DL carrier. DM RS cyclic shift from Rel-8 is agreed as a primary mechanism to avoid PHICH resource collision. Some open issues under discussion are

· whether additional standardized solution is needed to avoid PHICH collision

· possibilities for using DM RS CS mechanism in conjunction with SPS

In this contribution, we analyze PHICH collision with carrier aggregation and present our views on the remaining issues on PHICH design.
2 PHICH Resource Allocation
In Release-8, the number of PHICH groups is indicated by the PHICH group parameter 
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 carried on the PBCH.  For a given PUSCH transmission, the corresponding PHICH group number and the orthogonal sequence within the PHICH group are determined by the lowest assigned UL PRB index and the parameter 
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. There is one-to-one correspondence between the 3-bit DM RS cyclic shift value signalled in PDCCH DCI Format 0 and the parameter 
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. The PHICH resource is identified by the parameter pair
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. The PHICH resource has periodicity of  
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. For normal CP, 
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Table 1 illustrates PHICH resource index for 5 MHz system bandwidth with
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= 4. PHICH periodicity is 32, in which case for any values of 
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parameter and lowest PRB index, there is no collision in PHICH resources for any UL resource allocation. If there are multiple UL carriers mapped to a DL carrier, it may be possible to find a DM RS CS value to avoid collision. 

Example: Bandwidth per carrier = 5 MHz, Number of UL carriers mapped to PHICH resource = 5
For
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= 0 for the first carrier, PHICH resource for 
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=1 collides with PHICH resource for 
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= 5 with 
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= 0, and similar collision arises for 
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=2, 3, 4, 5. There are only 3 unique PHICH resources for 
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= 0. 
As can be seen in this example, collision avoidance is not guaranteed. The scheduler may impose restrictions on the UL PRB allocation in order to avoid PHICH collisions. 
Table 1: PHICH resource index pair
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	0
	1
	2
	3
	4
	5
	6
	7

	
	0
	0, 0
	1, 1
	2, 2
	3, 3
	0, 4
	1, 5
	2, 6
	3, 7

	
	1
	1, 0
	2, 1
	3, 2
	0, 3
	1, 4
	2, 5
	3, 6
	0, 7

	
	2
	2, 0
	3, 1
	0, 2
	1, 3
	2, 4
	3, 5
	0, 6
	1, 7

	
	3
	3, 0
	0, 1
	1, 2
	2, 3
	3, 4
	0, 5
	1, 6
	2, 7

	
	4
	0, 1
	1, 2
	2, 3
	3, 4
	0, 5
	1, 6
	2, 7
	3, 0

	
	5
	1, 1
	2, 2
	3, 3
	0, 4
	1, 5
	2, 6
	3, 7
	0, 0

	
	6
	2, 1
	3, 2
	0, 3
	1, 4
	2, 5
	3, 6
	0, 7
	1, 0

	
	7
	3, 1
	0, 2
	1, 3
	2, 4
	3, 5
	0, 6
	1, 7
	2, 0

	
	8
	0, 2
	1, 3
	2, 4
	3, 5
	0, 6
	1, 7
	2, 0
	3, 1

	
	9
	1, 2
	2, 3
	3, 4
	0, 5
	1, 6
	2, 7
	3, 0
	0, 1

	
	10
	2, 2
	3, 3
	0, 4
	1, 5
	2, 6
	3, 7
	0, 0
	1, 1

	
	11
	3, 2
	0, 3
	1, 4
	2, 5
	3, 6
	0, 7
	1, 0
	2, 1

	
	12
	0, 3
	1, 4
	2, 5
	3, 6
	0, 7
	1, 0
	2, 1
	3, 2

	
	13
	1, 3
	2, 4
	3, 5
	0, 6
	1, 7
	2, 0
	3, 1
	0, 2

	
	14
	2, 3
	3, 4
	0, 5
	1, 6
	2, 7
	3, 0
	0, 1
	1, 2

	
	15
	3, 3
	0, 4
	1, 5
	2, 6
	3, 7
	0, 0
	1, 1
	2, 2

	
	16
	0, 4
	1, 5
	2, 6
	3, 7
	0, 0
	1, 1
	2, 2
	3, 3

	
	17
	1, 4
	2, 5
	3, 6
	0, 7
	1, 0
	2, 1
	3, 2
	0, 3

	
	18
	2, 4
	3, 5
	0, 6
	1, 7
	2, 0
	3, 1
	0, 2
	1, 3

	
	19
	3, 4
	0, 5
	1, 6
	2, 7
	3, 0
	0, 1
	1, 2
	2, 3

	
	20
	0, 5
	1, 6
	2, 7
	3, 0
	0, 1
	1, 2
	2, 3
	3, 4

	
	21
	1, 5
	2, 6
	3, 7
	0, 0
	1, 1
	2, 2
	3, 3
	0, 4

	
	22
	2, 5
	3, 6
	0, 7
	1, 0
	2, 1
	3, 2
	0, 3
	1, 4

	
	23
	3, 5
	0, 6
	1, 7
	2, 0
	3, 1
	0, 2
	1, 3
	2, 4

	
	24
	0, 6
	1, 7
	2, 0
	3, 1
	0, 2
	1, 3
	2, 4
	3, 5


To avoid any PHICH collision problem and to reduce the scheduler complexity, over-provisioned PHICH resource may be used. This provides sufficient PHICH resources even for a single DM RS CS offset. In one carrier aggregation scenario, where the sum of UL bandwidth is not larger than the bandwidth of the DL carrier in which PHICH is transmitted, ie, 
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, PHICH over-provisioning works equally well in Release-10 as in Release-8.
Table 2 shows the PHICH resource for 10 MHz system bandwidth with
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= 7. The PHICH resource is over-provisioned to allow PHICH allocation without changing the 
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value. The same table could be used for PHICH resource allocation with carrier aggregation, if the combined UL bandwidth is no larger than 10 MHz. A carrier-specific offset value could be applied in calculating the PHICH resource index; this is equivalent to considering all the PRBs across all the UL CCs as being continuously numbered. 
Example: Bandwidth per UL carrier = 5 MHz, Number of UL carriers mapped to PHICH resource = 2

As an illustration, CC specific offset value could be set as
CC specific offset for first carrier = 0
CC specific offset for second carrier = 25
The PHICH resource index parameters in TS36.213 (section 9.1.2) are modified as
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The parameter 
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may be set semi-statically by higher layer signalling, or fixed in the specifications depending on the number and the bandwidths of the DL/UL carriers in the cell.
Table 2: PHICH resource index pair
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	0
	1
	2
	3
	4
	5
	6
	7

	
	0
	0, 0
	1, 1
	2, 2
	3, 3
	4, 4
	5, 5
	6, 6
	0, 7

	
	1
	1, 0
	2, 1
	3, 2
	4, 3
	5, 4
	6, 5
	0, 6
	1, 7

	
	2
	2, 0
	3, 1
	4, 2
	5, 3
	6, 4
	0, 5
	1, 6
	2, 7

	
	3
	3, 0
	4, 1
	5, 2
	6, 3
	0, 4
	1, 5
	2, 6
	3, 7

	
	4
	4, 0
	5, 1
	6, 2
	0, 3
	1, 4
	2, 5
	3, 6
	4, 7

	
	5
	5, 0
	6, 1
	0, 2
	1, 3
	2, 4
	3, 5
	4, 6
	5, 7

	
	6
	6, 0
	0, 1
	1, 2
	2, 3
	3, 4
	4, 5
	5, 6
	6, 7

	
	7
	0, 1
	1, 2
	2, 3
	3, 4
	4, 5
	5, 6
	6, 7
	0, 0

	
	8
	1, 1
	2, 2
	3, 3
	4, 4
	5, 5
	6, 6
	0, 7
	1, 0

	
	9
	2, 1
	3, 2
	4, 3
	5, 4
	6, 5
	0, 6
	1, 7
	2, 0

	
	10
	3, 1
	4, 2
	5, 3
	6, 4
	0, 5
	1, 6
	2, 7
	3, 0

	
	11
	4, 1
	5, 2
	6, 3
	0, 4
	1, 5
	2, 6
	3, 7
	4, 0

	
	12
	5, 1
	6, 2
	0, 3
	1, 4
	2, 5
	3, 6
	4, 7
	5, 0

	
	13
	6, 1
	0, 2
	1, 3
	2, 4
	3, 5
	4, 6
	5, 7
	6, 0

	
	14
	0, 2
	1, 3
	2, 4
	3, 5
	4, 6
	5, 7
	6, 0
	0, 1

	
	15
	1, 2
	2, 3
	3, 4
	4, 5
	5, 6
	6, 7
	0, 0
	1, 1

	
	16
	2, 2
	3, 3
	4, 4
	5, 5
	6, 6
	0, 7
	1, 0
	2, 1

	
	17
	3, 2
	4, 3
	5, 4
	6, 5
	0, 6
	1, 7
	2, 0
	3, 1

	
	18
	4, 2
	5, 3
	6, 4
	0, 5
	1, 6
	2, 7
	3, 0
	4, 1

	
	19
	5, 2
	6, 3
	0, 4
	1, 5
	2, 6
	3, 7
	4, 0
	5, 1

	
	20
	6, 2
	0, 3
	1, 4
	2, 5
	3, 6
	4, 7
	5, 0
	6, 1

	
	21
	0, 3
	1, 4
	2, 5
	3, 6
	4, 7
	5, 0
	6, 1
	0, 2

	
	22
	1, 3
	2, 4
	3, 5
	4, 6
	5, 7
	6, 0
	0, 1
	1, 2

	
	23
	2, 3
	3, 4
	4, 5
	5, 6
	6, 7
	0, 0
	1, 1
	2, 2

	
	24
	3, 3
	4, 4
	5, 5
	6, 6
	0, 7
	1, 0
	2, 1
	3, 2

	
	25
	4, 3
	5, 4
	6, 5
	0, 6
	1, 7
	2, 0
	3, 1
	4, 2

	
	26
	5, 3
	6, 4
	0, 5
	1, 6
	2, 7
	3, 0
	4, 1
	5, 2

	
	27
	6, 3
	0, 4
	1, 5
	2, 6
	3, 7
	4, 0
	5, 1
	6, 2

	
	28
	0, 4
	1, 5
	2, 6
	3, 7
	4, 0
	5, 1
	6, 2
	0, 3

	
	29
	1, 4
	2, 5
	3, 6
	4, 7
	5, 0
	6, 1
	0, 2
	1, 3

	
	30
	2, 4
	3, 5
	4, 6
	5, 7
	6, 0
	0, 1
	1, 2
	2, 3

	
	31
	3, 4
	4, 5
	5, 6
	6, 7
	0, 0
	1, 1
	2, 2
	3, 3

	
	32
	4, 4
	5, 5
	6, 6
	0, 7
	1, 0
	2, 1
	3, 2
	4, 3

	
	33
	5, 4
	6, 5
	0, 6
	1, 7
	2, 0
	3, 1
	4, 2
	5, 3

	
	34
	6, 4
	0, 5
	1, 6
	2, 7
	3, 0
	4, 1
	5, 2
	6, 3

	
	35
	0, 5
	1, 6
	2, 7
	3, 0
	4, 1
	5, 2
	6, 3
	0, 4

	
	36
	1, 5
	2, 6
	3, 7
	4, 0
	5, 1
	6, 2
	0, 3
	1, 4

	
	37
	2, 5
	3, 6
	4, 7
	5, 0
	6, 1
	0, 2
	1, 3
	2, 4

	
	38
	3, 5
	4, 6
	5, 7
	6, 0
	0, 1
	1, 2
	2, 3
	3, 4

	
	39
	4, 5
	5, 6
	6, 7
	0, 0
	1, 1
	2, 2
	3, 3
	4, 4

	
	40
	5, 5
	6, 6
	0, 7
	1, 0
	2, 1
	3, 2
	4, 3
	5, 4

	
	41
	6, 5
	0, 6
	1, 7
	2, 0
	3, 1
	4, 2
	5, 3
	6, 4

	
	42
	0, 6
	1, 7
	2, 0
	3, 1
	4, 2
	5, 3
	6, 4
	0, 5

	
	43
	1, 6
	2, 7
	3, 0
	4, 1
	5, 2
	6, 3
	0, 4
	1, 5

	
	44
	2, 6
	3, 7
	4, 0
	5, 1
	6, 2
	0, 3
	1, 4
	2, 5

	
	45
	3, 6
	4, 7
	5, 0
	6, 1
	0, 2
	1, 3
	2, 4
	3, 5

	
	46
	4, 6
	5, 7
	6, 0
	0, 1
	1, 2
	2, 3
	3, 4
	4, 5

	
	47
	5, 6
	6, 7
	0, 0
	1, 1
	2, 2
	3, 3
	4, 4
	5, 5

	
	48
	6, 6
	0, 7
	1, 0
	2, 1
	3, 2
	4, 3
	5, 4
	6, 5

	
	49
	0, 7
	1, 0
	2, 1
	3, 2
	4, 3
	5, 4
	6, 5
	0, 6


PHICH resource allocation for SPS

With SPS, there is no PDCCH DCI Format 0 to indicate the DM RS CS value except at activation. For PHICH resource indication, 
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value is set to zero for SPS. We make a few observations on SPS:

· SPS resource can be pre-allocated and dynamic scheduling can allocate remaining frequency resources around the PRBs allocated by SPS.

· Even with inter-subframe frequency hopping, there will be a limited number of PRBs utilized. Therefore, a limited number of PHICH resources (two for FH) is required for SPS.

· A fraction of UEs are scheduled by SPS, and the remaining UEs are scheduled dynamically. This allows utilization of the remaining PHICH resources by dynamically scheduled UEs with a different 
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 value. 

· Using a different 
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 value during SPS activation stage does not provide additional PHICH resources or more flexibility in PHICH resource allocation.

Based on the above observations, PHICH resource allocation for SPS can be solved with the methods provided by the Release-8 specifications.

If carrier aggregation is supported for SPS, there may be limitations with the Release-8 approach, in which case further study would be required.

3 Summary and Conclusion
In this contribution, we analyzed the PHICH collision issue with carrier aggregation and discussed PHICH resource allocation schemes to avoid collision. Our views on PHICH resource allocation are:
· Release-8 PHICH allocation scheme using DM RS CS value signalled in PDCCH DCI Format 0 cannot guarantee PHICH collision avoidance in an aggregated carrier system. Additional scheduling restrictions can be used to avoid collision.
· A CC-specific offset parameter configured by higher layers allows simple and flexible PHICH resource allocation mechanism in realistic carrier aggregation scenarios.

· Release-8 PHICH allocation scheme works for realistic SPS scenarios.

· If carrier aggregation is supported for SPS, further study would be needed on PHICH resource allocation.
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