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1. Introduction

In Jeju RAN1#51 it was decided to reserve 2-bits on the P-BCH for PHICH resource and 1-bit for PHICH symbol duration.  Here we propose to define the signaling for PHICH resource for TDD and FDD (including HD FDD).  For TDD it is necessary to account for different TDD frame UL/DL multiplexing options when defining PHICH resource signaling.  Another related issue addressed is the tradeoff between the maximum PHICH power borrowing from PDCCH constrained by the PHICH power boost limit (e.g. +6dB) and the PHICH resource size.
2. PHICH Resource size given PHICH boosting limit and PHICH power borrowing need

It was shown in [2] that PHICH could borrow power from PDCCH if an intra-CCE power offset between the 1st and 2nd/3rd OFDM control symbols was permitted.  If not then only intra-PHICH power borrowing would be permitted which might require an increased PHICH resource size (i.e. more PHICH groups allocated) beyond 1 PHICH per PRB to guarantee enough power to always achieve full coverage, see [1].  Given intra-CCE power offsets are permitted than PHICH resource size can be chosen based on maximum UEs scheduled per subframe or at most to allow ~ 1 PHICH per PRB.

Table 1 below shows the maximum power that can be borrowed by PHICH from PDCCH resources given the PHICH and PDCCH resource size (in REs) and the maximum power boost limit (e.g. +6 dB).  As shown the smaller the PHICH resource the smaller the amount of power that can be borrowed before the boost limit of +4 or +6dB is exceeded.  The boost limit is determined by EVM and AGC headroom requirements.  Note that all PHICH REs are boosted by +4 or +6 dB as given in Table 1.
Table 1 – PHICH Power Borrowing Limit for different PHICH Power Boost Limits

[image: image1.emf]PHICH PDCCH

(#REs) (#REs) +4 dB PHICH Boost Limit +6 dB PHICH Boost Limit

12 172 10.5 20.9

24 160 22.5 45.0

36 148 36.5 73.0

48 136 52.9 100.0

50 134 56.0 100.0

Power Borrowing Limit as %PDCCH Power


A 2 or 3dB intra-CCE power offset is needed for enabling PHICH power borrowing from PDCCH for up to about 50% to 60% power borrowing.  For deployment case 3 about a 9dB power boost is needed to achieve cell edge coverage for a given PHICH.  For example, for 5MHz LTE carrier then:
· Pphich = Pmax/300/8 (no boost) where Pmax=20 Watts.
· Pphich_nomux = Pmax/300/2 (only 4 PHICHs allocated power with 1 PHICH of cell edge UE getting half and the other 3 PHICH getting other half of power for each of the 12 REs making up the PHICH group.

· Pphich_nomux_borrow = 2*Pmax/300/2  (another +3dB boost to achieve cell edge coverage is obtained by borrowing power from PDCCH;  Also any power needed by other PHICHs can be borrowed from PDCCH)

Normally at most (assuming  #MU-MIMO + #non MU-MIMO users < 
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) only one PHICH per PRB needs to be allocated for a given LTE carrier.  Fewer if PUCCH resources are accounted for.  However, given that 4 PHICHs are lost from a PHICH group serving a cell edge UE then additional PHICH groups are required.  If, for 5MHz, at most 3 cell edge UEs need PHICH signaling per subframe then another 2 PHICH groups are needed in addition to the number needed to achieve ~ 1 PHICH per PRB.  For 5MHz it is therefore estimated that 5/3 more PHICH groups are needed for heavily loaded cell with significant VoIP traffic.
3. PHICH Resource Signaling
The PHICH resource for each downlink subframe can be determined by signaling Nh which indicates how many PHICH REGs (3N) and PHICH groups (N) are provisioned in each downlink subframe as defined by:
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Equation (1) corresponds to ~1 PHICH per RB for 
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 where given 2-bits for signaling then Nh can have four values as given by (e.g.) 
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.  The minimum PHICH allocation is 3 REGs per control region.  
Table 2 – PHICH Resource for per FDD/TDD BW mode for 
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(MHz) (#RBs) (#REGs) REGs Groups
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6 8 3 1 8 1 1 1 1

3 15 8 6 2 16 3 2 1 1

5 25 9 9 3 24 5 3 1 1

10 50 12 18 6 48 10 6 3 2

15

75 15 27 9 72 15 9 4 3

20

100 15 36 12 96 21 12 6 4

#PHICH Groups System BW


For TDD it is proposed that Nh determines the PHICH resource (N) on a per downlink subframe basis.  Those DL Subframes without a corresponding UL Subframe would not be provisioned with PHICH (see Table 2 below).  That is, only the K DL subframes are provisioned with PHICH where K is MIN(#DL, #UL subframes in a TDD frame) as defined by
Table 3 – TDD DL Subframes with PHICH Resource (N)

[image: image8.emf]TDD DL/UL Frame TDD DL subframes

Configuration with PHICH Resource (N)

1:3 0

2:2 0,1

3:1 0

6:3 0,1,5

7:2 0,5

8:1 0

3:5 0,1,5

5:3 (TBD) 0,1,5


It is proposed that UEs are assigned a PHICH group on one PHICH provisioned DL subframe for determining its PHICH for its UL PUSCH transmissions.  An alternative proposal is that the UL subframe a TDD transmission ends in implicitly points to the PHICH provisioned DL subframe having its PHICH.  The specific PHICH in a DL subframe is implicitly pointed to using CSI, RB or CCE (TBD).
4. TDD/FDD PHICH Resource Signaling Proposal
PROPOSAL: It is proposed that 2-bits in PBCH for PHICH resource signaling be defined as
[image: image9.emf]PHICH Resource

2-bit PBCH field

N

h

00 5/3

01 1

10 1/2

11 1/3

  
Where  Nh determines the number of PHICH REGs (3N) and PHICH groups (N) as defined by:
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In the case of TDD only the specified DL subframes are provisioned with PHICH resource (N) for each TDD DL/UL frame configuration as defined by:
[image: image11.emf]TDD DL/UL Frame TDD DL subframes

Configuration with PHICH Resource (N)

1:3 0

2:2 0,1

3:1 0

6:3 0,1,5

7:2 0,5

8:1 0

3:5 0,1,5

5:3 (TBD) 0,1,5
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ANNEX A

Overall PHICH Signaling and Provisioning
· PHICH duration (M) is signaled via MIB using 1 bit

· PHICH Allocation parameter Nh is signaled via MIB using 2-bits

· Nh is a set of values corresponding to what fraction of maximum PHICH allocation is desired and is tied to the system bandwidth 
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and the carrier duplex type (TDD vs. FDD).
· One possible Nh set  is
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.  For TDD this would correspond to each DL slot.  
· PHICH REG locations are assigned outside of the CCE randomization interleaver and are invariant to n (PCFICH) the control region size. The PHICH REG locations are only dependent on M and Nh and hence PHICH error rate is not dependent on PCFICH error rate.

· REG locations for CCEs are determined by N and M when M=2 or 3 and n, N, and M, when M=1
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