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1. Background
In RAN1 58bis meeting, the followings were agreed for PHICH design in LTE-A:
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 
Since the PHICH can be transmitted only on the DL CC that was used to transmit UL grant based on the agreement, there exists more possibility that the same PHICH resource can be used for multiple PUSCHs in the UL cross-carrier scheduling cases than Rel-8. In order to finalize PHICH design in LTE-A, two following questions should be answered in advance:
1) How many resources can be used for PHICH allocation? 
2) How to allocate PHICHs of cross-scheduled PUSCHs into the same DL CC? 
The following two sections will address these two questions.
2. PHICH Resource Size
In Rel-8, the number of PHICH channels is determined by the number of PHICH group provided by higher layers and the number of orthogonal sequences which is 8 and 4 for normal and extended CPs, respectively. The number of PHICH group is calculated with one of 
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values 1/6, 1/2, 1, and 2 signaled by higher layers:
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The number of CCEs for PDCCH can be calculated from the remaining REGs not used by PCFICH and PHICH, where the number of REGs for PCFICH and PHICH are 
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, respectively. 
Figure 2 shows the number of available CCEs for PDCCH and number of PHICH channels with normal CP and two antenna ports in Rel-8. The number of CCEs for PDCCH is mainly affected by the number of OFDM symbols indicated by PCFICH, which is denoted by CFI, while the number of PHICH channels is determined by 
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Figure 2. Number of CCEs for PDCCH and Number of PHICH channels
In the regular PUSCH transmission, a single PDCCH for UL grant is associated with a single PHICH. Moreover, the number of available PDCCHs is always less than the number of available CCEs for PDCCH due to aggregation levels. Thus, it is observed that 
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 values of 1 and 2 provide more PHICHs than PDCCHs regardless of the bandwidth and CFI values. However, in case of 
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 values of 1/6 and 1/2, it’s hard to say that the number of available PHICHs is always larger than the number of PDCCHs. Even in case that the number of PHICHs is larger than that of CCEs, actual PHICH shortage can occur depending on the number of semi-persistent scheduled PUSCH (SPS). 
If the PHICH resource extension should be considered, there might be two options as follows:
· Option 1:  Larger 
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value than 2 for LTE-A, 

· Option 2:  Stealing from CCEs for PDCCH defined in Rel-8.
A larger 
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value than 2 can be used for more reservation of PHICH resources (Option 1). However, coexisting Rel-8 UEs under the same eNB will cause serious malfunction because the remaining REGs for PDCCH after assigning the extended PHICH is not compatible with Rel-8.

With the maximum 
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value of 2 in Rel-8, some CCE regions for PDCCH can be stolen for the extended PHICH (Option 2). This scheme can solve the malfunction problem of option 1. However, the blocking probability in decoding Rel-8 compatible PDCCH will be increased because Rel-8 UEs has no awareness of the CCE stealing.
Therefore, the extension of PHICH resource encounters the backward compatibility problems, and the current 
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 value control in Rel-8 seems to successively prevent PHICH resource shortage in accordance with PDCCH resource shortage. 
Proposal 1: The PHICH resource size seen by a Rel-8 UE should be the same as the PHICH resource size seen by an LTE-A UE due to backward compatibility. If the PHICH resource extension is needed, the CCE stealing scheme can be considered.
3. PHICH Resource Separation and Mapping
In LTE, a PHICH resource is identified by the index pair of a PHICH group and a PHICH sequence, where those index pair is determined by the lowest PRB index and cyclic shift for DMRS in the first slot of the corresponding PUSCH.
In 1:N of DL:UL or UL heavy CC scenarios, the PHICH resource separation and mapping schemes proposed so far can be categorized as follows:
· Option 1:  No signaling for  separation of PHICH resource for each UL CC

· Option 1a:  Reuse of Rel-8 PHICH mapping per UL CC
· Option 1b:  Reuse of Rel-8 PHICH mapping for serially-numbered UL PRBs in UL CCs
· Option 2:  Signaling for separation of PHICH resource for each UL CC
The Option 1 has no signaling for separation of PHICH resources for UL CCs, and thus, PHICH resources can be implicitly mapped to all LTE-A PUSCHs transmitted in different UL CCs [1][2]. The Option 1a can be defined as a mapping reuse scheme that the lowest PRB of a cross-scheduled PUSCH can be assigned to a PHICH group like Rel-8. Thus, the same PRB index in two different UL CCs will have the same PHICH group, and the PHICH collision should be resolved by different cyclic shifts of DMRS [1]. Even with small number of cross-carrier scheduled UL CCs, the scheduler should consider not only UL channel condition but also joint coordination of PHICH resources over multiple UL CCs in order to avoid PHICH collisions. It is necessary to have a full level of joint coordination among PHICH resources over multiple CCs. 
In order to reduce this burden of scheduler, another implicit mapping rule could be applied. The Option 1b is a scheme to serially numbered UL PRBs in the cell-specific UL CC ordering, and to map serially-numbered UL PRBs to PHICH resources [2]. Thus, PHICH resources can be assigned exclusively to UL PRBs even without cyclic shift mechanism when the given PHICH resource controlled by 
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 is enough. The scheduler burden can be reduced more than in Option 1a. However, it is noted that the Option 1b needs a careful rule on the serial numbering of UL PRBs. Otherwise LTE UEs might use PHICHs of a PHICH subset which is supposed to be used for LTE-A UEs. 
In the Option 2, the PHICH resources are semi-statically separated per UL CC [3], and the partition can be realized in two dimensions; PHICH group index or cyclic shift of DMRS or their combination. Since each UL CC has assigned an isolated PHICH resource region, it’s not necessary that the scheduler jointly coordinates PHICH resources over multiple UL CCs, but it needs to modify the current Rel-8 PHICH to resource mapping equation
In addition, if the separated PHICH resource for the cross-scheduled UL CC, which is not paired with the PHICH-transmitted CC, overlaps with LTE PHICH resource, the LTE UE would still read the PHICH resource region which is designated for the allocation of LTE-A UE’s PHICH. Thus, Option 2 would not affect UE capacity in the system only if the separated PHICH resource is newly created. 
Therefore, in terms of scheduler burden and standard impacts, the options 1a and 1b, which reuse the current Rel-8 PHICH to resource mapping rule seem to be beneficial and can be a baseline. 
Proposal 2: The Reuse of Rel-8 PHICH mapping in UL CCs can be a baseline. It’s FFS whether UL PRB indices are independent within an UL CC or serially-numbered for all UL CCs.
4. Further Considerations on the PHICH Resource Mapping

Another considerable point is transmission of multiple PHICHs which can be dependent on the decision of MIMO discussion. In case that layer shifting is introduced, for example, there might be no PHICH issue of MIMO operation due to the fact that only one DL ACK would be sufficient. However, if the layer shifting is not introduced, two DL ACKs for two codewords may be necessary. In addition, if the same LTE PHICH resource is considered in MU-MIMO, additional PHICH multiplexing scheme may provide the full UE capacity.
Proposal 3: Some additional mechanisms can be further introduced followed by decisions on the UL MIMO discussion in LTE-A.
5. Conclusion

We can conclude with the following three proposals:
Proposal 1: The PHICH resource size seen by a Rel-8 UE should be the same as the PHICH resource size seen by an LTE-A UE due to backward compatibility. If the PHICH resource extension is needed, the CCE stealing scheme can be considered.

Proposal 2: The Reuse of Rel-8 PHICH mapping in UL CCs can be a baseline. It’s FFS whether UL PRB indices are independent within an UL CC or serially-numbered for all UL CCs.
Proposal 3: Some additional mechanisms can be further introduced following decisions on the LTE-A UL MIMO.
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