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1. Introduction
In RAN1 58bis meeting, PHICH design in LTE-A has been discussed with the following agreements:  
Conclusions:

· 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 

FFS:

· PHICH resource mapping rules:

· Question whether to have a single PHICH resource or separate resources?

· i.e. is the PHICH resource size seen by a Rel-8 UE the same as the PHICH resource size seen by an LTE-A UE?
· For 1:many DL:UL mapping case, or case with CIF, how to take the carrier into account:

· Use existing CS mechanism?

· Carrier specific offset?

· Serial numbering of UL carriers?
In essence, UE specific PHICH linkage is agreed for PHICH design in LTE-A. The remaining discussion will be focused on the PHICH resource reservation and mapping rule in case of 1 DL to many UL carriers or with cross carrier scheduling. In this contribution, we show our preferences on these issues.
2. Discussion
In RAN1 58bis meeting, many companies shared their views about PHICH design in LTE-A [1-8], which can be categorized as following options [1]:

· Option 1: A single set of PHICH resource for all UL CCs
· Option 1a: dynamic PHICH resource division for UL CCs based on [4][7][8]
· DMRS CS
· CC specific RB index offset, where serial RB index of UL carrier is a special case of CC specific RB index offset.
· CC specific PHICH group offset.

· Option 1b: semi-static PHICH resource division for UL CCs [5]
· E.g. PHICH resource for CC2 can start at the bottom part of PHICH resources
· Option 2: Separate PHICH resources corresponding to each UL CC [5]
· A set of  Rel-8 compatible PHICH resources, which can be accessible by both LTE and LTE-A UEs
· Additional PHICH resources accessible only by LTE-A UEs, where the additional PHICH resources can be borrowed from PDCCH CCE region.

In this section, we compare the above design options for PHICH from several aspects, including PHICH resource collision, PHICH resource efficiency, reserved PHICH resource size, and standard impact.
2.1. Single PHICH resource vs. separate PHICH resources
PHICH resource collision
Many contributions discussed the PHICH resource collision issue. Note that potential PHICH resource collision already exists in LTE Rel-8 in case of uplink MU-MIMO or the cell is configured with a small number of PHICH groups. The problem can be resolved by eNB scheduler using the DM RS cyclic shift indication in the corresponding UL grant. Hence, PHICH resource collision avoidance is an inherent function of LTE Rel-8 eNB scheduler, which can be applied to both options of single or separate PHICH resources.
PHICH resource efficiency

· In option 1, all UL CCs can share all PHICH resources, which improves the efficiency of PHICH resource utilization.
· In option 2, some UL CCs can only use the LTE-A accessible PHICH resource, even though the Rel-8 compatible PHICH resource is not fully utilized, which reduces the PHICH resource efficiency.
Therefore, from the PHICH resource efficiency aspect, option 1 is better than option 2.
Reserved PHICH resource size

· In option 1, the reserved PHICH resource size is limited by the corresponding DL CC bandwidth and the configured value for Ng. 

· In option 2, the LTE-A accessible PHICH resource is provided by normal PDCCH CCE region, which can provide flexible PHICH resource size reservation.
Therefore, one potential issue for option 1 is the limitation of reserved PHICH resource size. As the reserved PHICH resource size mainly depends on the number of UEs for which the DL ACK/NACK feedback is needed, the required PHICH resource depends on the number of UL grants if Semi-Persistent Scheduling PUSCH is not considered. We provide some quantity analysis as following:

· System configuration
· System bandwidth: 5MHz

· CP type: Normal

· Number of antenna ports: 2

· PRB number: 25

· CFI value: 3 
Assuming the above system configuration, PDCCH space size (NCCE) and PHICH resource size in a downlink subframe with different Ng configurations are shown in Table 1.
Table 1:  PDCCH space size (NCCE) and PHICH resource size with different Ng configurations
	
	Ng=1/4
	Ng=1/2
	Ng=1
	Ng=2

	Number of PHICH groups
	1
	2
	4
	7

	Number of PHICH channels
	8
	16
	32
	56

	Number of CCEs for PDCCH
	21
	21
	20
	19


Based on the above result, even with the assumption that all available PDCCH CCEs are used for UL grant with CCE aggregation 1, the reserved PHICH resource is still over-provisioned with Ng=2. In addition, load balancing between multiple CCs can further reduce the required PHICH resources.

Hence, PHICH resource is not limited for option 1.
Standard impact

From standard impact, option 2 is obviously larger than option 1.
Summary: According to the above analysis, we prefer option 1 with a single set of PHICH resource for all UL CCs.

2.2. Dynamic vs. semi-static
In option 1 with a single set of PHICH resource, it can be further divided into two categories: 

· Option 1a: Dynamic PHICH resource division for all UL CCs

· Option 1b: Semi-static PHICH resource division for UL CCs, where the PHICH resource for non-paired UL CCs is a subset of all reserved PHICH resource of current DL CCs.
With option 1a, all PHICH resource can be shared by all UL CCs, which improves PHICH resource utilization.

With option 1b, the PHICH resource for non-paired UL CCs of current DL CC can only be allocated in the corresponding PHICH resource subset, which limits the PHICH resource efficiency.
Summary: According to the above analysis, we prefer option 1a with dynamic PHICH resource division
2.3. PHICH resource mapping
In the dynamic PHICH resource division for all UL CCs, the PHICH resource mapping rules can be based on:
· DMRS cyclic shift

· CC specific RB index offset, where serial RB index of UL carriers is a special case of CC specific RB index offset.

· CC specific PHICH group offset.

All of the above three mapping rules have the same function with different standard impacts. DMRS cyclic shift has no additional standard impact since this is already supported in Rel-8, while CC specific RB index offset and CC specific PHICH group offset have minor standard impact.

Summary: From the standard impact aspect, we slightly prefer DMRS cyclic shift mapping rule. The CC specific RB index offset or CC specific PHICH group offset mapping rules needs further study.
3. Conclusions

In this contribution, we provide our views on PHICH design in LTE-Advanced. Our preferences are: 

· A single set of PHICH resource shall be reserved for all UL CCs.
· DMRS cyclic shift mapping rule shall be the baseline. The CC specific RB index offset or CC specific PHICH group offset mapping rules needs further study.
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