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1 Introduction

In RAN1 #58bis meeting, the following discussions on PHICH mapping were FFS [1]:

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 this contribution, we present our preferences regarding the PHICH resource mapping rules in LTE-A.
2 Discussion
2.1 A single PHICH resource vs Separate PHICH resources
For a single PHICH resource, an LTE-A UE will see the same PHICH resource as seen by an LTE UE. For LTE FDD, the size of this single PHICH resource in a subframe will depend on the DL bandwidth configuration, the Ng value (Ng = {1/6, 1/2, 1, 2}) and the cyclic prefix length. 

For separate PHICH resources, the PHICH resources will be composed of the PHICH resource seen by LTE UEs and the extra PHICH resources exclusively seen by LTE-A UEs, and the extra PHICH resources can be reserved on CCE resource [2] or data resource (similar to the R-PHICH method in Relay).
In essence, the number of available PHICH channels on one DL CC and the number of required PHICH channels associated with this DL CC will determine the configuration of a single PHICH resource or separate PHICH resources. 
2.1.1 The number of available PHICH channels 

For a single PHICH resource, on the given DL bandwidth configuration, the number of available PHICH channels will be up to the maximum when the value of Ng is equal to 2.
For separate PHICH resources, the available PHICH channels will include two parts, which are the PHICH channels seen by LTE UEs and the extra PHICH channels exclusively seen by LTE-A UEs. The number of maximum PHICH channels related to the former will be the same as that of a single PHICH resource. The number of maximum PHICH channels related to the latter can be flexibly configured.
Apparently, the number of PHICH channels related to the separate PHICH resources can be flexibly configured. 

2.1.2 The number of required PHICH channels 

The number of required PHICH channels will be related to the UL non-adaptive retransmission, UL dynamically scheduled and UL SPS transmissions. Due to the retransmission probability is rather low, for simplicity, the PHICH channels related to UL non-adaptive retransmission is not considered in the following discussion.
· UL dynamically scheduled transmissions 

For UL dynamically scheduled data transmissions, UL grants will be needed to dynamically allocate the UL transmission resources. In each subframe, the number of available UL grants will be restricted to the number of available PDCCHs. The number of available PDCCHs will depend on the distribution of CCE aggregation level and the number of OFDM symbols used for transmission of PDCCHs in a subframe.  Moreover, even if LTE-A UEs with the 1:many DL:UL mapping case, and/or the case with CIF, and/or the case with UL MU-MIMO, UL grants will be needed to support those features. Therefore, the number of maximum required PHICH channels for UL dynamic data transmissions that can be transmitted on one DL CC will be equal to:
Ndynamic= M*K
     Where,

· Ndynamic is the number of maximum required PHICH channels for the UL dynamically scheduled transmissions;

· M is the number of maximum codewords related to a UL dynamically scheduled transmission;
· K is the number of available PDCCHs for UL scheduled in one subframe;
· UL SPS data transmissions 

For UL SPS data transmissions without UL grant, it can be assumed that there is no cross-carrier UL SPS data transmissions.　In this case, an extreme case is that each UL SPS data transmission will only occupy a single UL PRB, and the number of maximum required PHICH channels for SPS data transmissions that can be transmitted on one DL CC will be equal to:

   NSPS=R*W
     Where,

· NSPS is the number of maximum required PHICH channels for UL SPS  data transmissions;

· R is the number of maximum multiplexed streams related to a single UL PRB;
· W is the number of total UL PRBs on the UL CC paired to the DL CC.
According to the above analysis, the number of maximum required PHICH channels for one DL CC will be equal to Ndynamic+ NSPS. In general, Ndynamic will not be large with the consideration of CCE aggregation level distribution and the number of OFDM symbols used for transmission of PDCCHs in a subframe (referring to the example showed in the appendix). 
For NSPS , if MU-MIMO is not supported for UL SPS transmission, the maximum value of NSPS will be equal to the number of total UL PRBs on the paired UL CC. In this case, a single PHICH resource with Ng=2 can be sufficient to provide the number of required PHICH channels. 
However, if MU-MIMO is supported for UL SPS transmission in LTE-A, it is possible that the number of required PHICH channels will exceed or approximate the number of maximum PHICH channels provided by a single PHICH resource. Therefore, separate PHICH resources may be needed to provide more PHICH channels to coordinate the PHICH channels allocation. 
Based on the above analysis, we draw the following proposals:
Proposal 1: If MU-MIMO is not supported for UL SPS transmission, a single PHICH resource is preferred. 
Proposal2: If MU-MIMO is supported for UL SPS transmission, separate PHICH resources may be needed. 
2.2 PHICH mapping rules for 1:many DL:UL mapping case, or case with CIF
Regardless of the PHICH resource reservation using a single PHICH resource or separate PHICH resources, the following PHICH mapping rules can be considered for the 1: many DL : UL mapping case, or case with CIF. 
· Use existing CS mechanism.
· Carrier specific offset.
· Serial numbering of UL carriers.
The PHICH mapping method for using the existing CS (cyclic shift) mechanism can maintain the full backwards compatibility with the LTE Rel-8. In this case, when the PHICH index collision occurs, the eNodeB scheduler will adjust the value of n-DMRS related to one UL data transport block to avoid the PHICH channel collision.

The method of using the carrier specific offset is essentially to introduce an offset on the UL PRB index for each UL CC. Thus, even if the same starting UL PRB index is allocated for multiple UL CCs, due to a carrier specific offset will be added to the starting UL PRB index of each UL CC, the eNodeB will determine the PHICH channel index corresponding to the UL data transport block on a UL CC according to the offset starting UL PRB index, and the eNodeB scheduler may not need to change the initial value of n-DMRS (assuming the initial value of n-DMRS is equal to zero). 
For the third method, in fact, the serial numbering the PRBs of UL CCs is a specific example of using the carrier specific offset. In this case, the carrier specific offset related to the Nth UL CC will be equal to the total UL PRB number of previous N-1 UL CCs.  

In the following, we will compare the above three methods from different aspects.

· Scheduling complexity 

Compared to the first method, if the number of available PHICH channels on one DL CC is not less than the number of total UL PRBs of the UL CCs which have the PHICH linkages with that DL CC, the second and the third methods can make the scheduler not change the initial value of n-DMRS when the same starting UL PRB index is allocated for the UL transmissions on multiple UL CCs, and the scheduling complexity of PHICH channel allocation may also be comparatively lower. 
But, when the number of available PHICH channels on one DL CC is less than the number of total UL PRBs of the UL CCs which have the PHICH linkages with that DL CC, both the second and the third methods can not remarkably reduce the scheduling complexity of PHICH channel allocation compared to the first method. As seen from the figure 1, for the UE1 and UE2, the starting UL PRB indices are different, but the modular operation can make two PHICH channels corresponding to two different offset UL PRB indices collide each other.  Thus, the scheduler also needs to adjust the n-DMRS value to avoid the PHICH index collision even if the starting UL PRB indices are different.
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Figure 1: Illustration for the PHICH index collision
· The capability of decreasing the probability of PHICH channel collision 

From the point of view for decreasing the probability of PHICH channel collision, both the second and third methods may not show the significant benefit compared to the first method, because the available PHICH resource, the number of required PHICH channels and the adjustable n-DMRS region will be the same for those three methods.  
Based on the simulation parameters described in table 1, figure 2 shows the simulation results related to the probability of unavoidable PHICH index collision for the existing CS mechanism and the second method. As can be seen from the figure 2, the capability of decreasing the probability of PHICH channel collision is very approximate to the first method and the second method. Moreover, on the given PHICH resource, as the number of required PHICH channels is increased, the probability of unavoidable PHICH index collision is remarkably increased for both methods. Therefore, to reduce the unavoidable collision, optimized PHICH methods based on the existing CS mechanism may need to be considered. 
Table 1: The key simulation parameters for the PHICH index collision

	Parameter
	Value

	# of PHICH groups (Ng=1, normal CP)
	13

	DL Bandwidth configuration
	100 PRBs for each DL CC

	UL Bandwidth configuration
	100 PRBs for each UL CC

	# of DL CCs
	1

	# of UL CCs
	2

	The carrier specific offset of UL CC1
	0

	The carrier specific offset of UL CC2
	64

	# of UL grants for UL CC1
	8 (the starting UL PRB indices are randomly generated)

	# of UL grants for UL CC2
	8(the starting UL PRB indices are randomly generated)

	# of SPS UL transmissions in UL CC1
	20,30,40,50,60,70,80

	# of actual utilized PHICH channels
	36,46,56,66,76,86,96 

	# of drops
	30000
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Figure 2: The probability of the unavoidable PHICH index collision
· Standardization work 

The first method will not introduce any influences on the LTE Rel-8 specification. But the second and third methods will more or less incur the additional standardization work.
To sum up the above analysis, we prefer to use the existing CS mechanism as the PHICH mapping rules.

Proposal 3: Using the existing CS mechanism as the PHICH mapping rules. 
3 Conclusion 
In this contribution, the PHICH mapping rules in LTE-A are analyzed. In summary, we propose that:
· Proposal 1: If MU-MIMO is not supported for UL SPS transmission, a single PHICH resource is preferred.
· Proposal2: If MU-MIMO is supported for UL SPS transmission, separate PHICH resources may be needed. 
· Proposal3:Using the existing CS mechanism as the PHICH mapping rules.
4 Appendix

Table 4 gives the number of available UL grants based on the results provided by the table 2 and table 3. From the table 4, the number of available UL grants will be equal to 24 with Ng equal to 2. Therefore, the number of maximum required PHICH channels will be equal to 148 (100 for UL SPS transmissions, 48 for UL dynamic scheduling SU-MIMO transmissions without ACK/NACK bundling on PHICH). But, the number of available PHICH channels will be equal to 200(Ng=2, normal CP). Apparently, a single PHICH resource will be sufficient to provide PHICH channel allocation provided the MU-MIMO will not be supported for UL SPS transmission.
Table 2: The distribution of CCE aggregation level 

	                                                            # CCE per PDCCH
	1CCE
	2CCE
	4CCE
	8CCE

	        *Scheduled user proportion/ 20MHz
	73.23%
	20.57%
	5.51%
	0.69%


* Note: 3GPP case 1, Tx=4;
Table 3: # of available PDCCHs based on the table 2* 
	         Ng
	1/6
	1/2
	1
	2

	# PDCCHs(Tx=4)
	54
	53
	52
	49


  *Note: Three OFDM symbols used for transmission of PDCCHs in a subframe;
Table 4: # of available UL grants based on the table 3*
	        Ng
	1/6
	1/2
	1
	2

	# PDCCHs(Tx=4)
	27
	26
	26
	24


* Notes: Assuming a half of the available PDCCHs used for UL grants;
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