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1. Introduction

Between RAN1#51 and RAN1#51bis, an e-mail discussion on downlink control signaling took place. The topics discussed included

· PHICH – mapping to REs
· PHICH – 4Tx antennas and extended CP

· PHICH resource indication

· PHICH modulation

· PDCCH interleaving

Below, a summary of the discussions is provided and a way forward is proposed based on the discussions. 

2. PHICH – mapping to REs
How to map the PHICH to REs is not specified in detail in 36.211 v8.1.0. The kick-off e-mail gave the following background:

From RAN1#51, we know that the PHICH is handled outside the CCE-to-RE interleaver, that the PHICH can span 1 or 3 OFDM symbols and that there are (up to) four different sizes of the PHICH region (indicated by two bits on the PBCH). Furthermore, it is desirable to obtain good frequency diversity for the PHICH.

The PCFICH consists of 4 'mini-CCEs', separated by 1/4 of the system bandwidth when mapped to REs. This ensures good frequency diversity for the PCFICH. The PHICH, on the other hand, consists of 3 mini-CCEs. Applying the same approach as for the PCFICH for the PHICH, i.e., separating the three mini-CCEs by 1/3 of the system bandwidth, although tempting, may not be a good approach as it can result in a collision between PCFICH and PHICH for some system bandwidths and PHICH allocations (assuming a PHICH duration of one OFDM symbol). The reason is that there is no common factor in 3 and 4.
To complete the mapping, the location in both time and frequency need to be specified. From the discussions, it is clear that there are two proposals for each of the time and frequency; a complete mapping rule needs to select one from each of time and frequency.

Location in time domain

1. For n>1 the time location is i mod n, where i=0,1,2 is the first, second, or third repetition

2. For n>1 the time location is (i+j) mod n, where i is as in alt 1 and j is the PHICH group number

The two alternatives are illustrated in Figure 1. In both cases the frequency location is the same irrespective of n. Furthermore, for n=1 the two alternatives are identical.
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Figure 1: Illustration of the location in the time domain according to the two alternatives.

Location in frequency domain

A. Describe the mapping in terms of mini-CCEs not used for PCFICH. For example, the mapping can be done by numbering the 'unused' mini-CCEs from 0 up to N-1 and map the PHICH to mini-CCEs spaced by N/3 mini-CCEs (N is the number of mini-CCEs left in the first OFDM symbol after the PCFICH has been mapped). This allows even spacing of the PHICH in the frequency domain.
B. Specify the PHICH mapping relative to the PCFICH. This alternative results in a slight irregular spacing in the frequency domain.

The alternatives are illustrated in Figure 2.
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Figure 2: Illustration of the mapping in the frequency domain according to the two alternatives.

Additionally, one company preferred to make the frequency location dependent on the identity within the cell identity group.
The views expressed by different companies are summarized in the table below.

	Company
	Loc. in time
	Loc. in frequency
	Misc

	Ericsson
	1
	A
	

	KDDI
	1
	
	Rotational OFDM for PHICH multiplexing

	LG Electronics
	1
	A
	Frequency mapping should depend on the identity within the cell identity group

	Motorola
	1
	B
	

	Nokia, Nokia Siemens Networks
	
	A
	

	Nortel
	1
	A
	

	Samsung
	2
	A
	


3. PHICH – handling of 4Tx antennas and extended CP
In Shanghai, we agreed to use SF=2 for extended CP. The motivations for this was the significant frequency-selectivity in environments with extended CP; selectivity that could cause an orthogonality loss between different PHICHs in case of SF=4. For 1 and 2 Tx transmit diversity schemes, both normal and extended CP are covered by 36.211 v8.1.0 while for 4Tx only normal CP is currently covered. Also, the orthogonal codes remain to be agreed upon (table 6.9.1-2 is empty).

Three main proposals were put forward

· Alternative 0
· implement SF=2 by using the SF=4 structure for normal CP with spreading code constraint

· Alternative 1

· (see figure)
· Alternative 2

· (see figure)
The three alternatives are illustrated in Figure 3. Alternative 0 has a lower multiplexing capacity than alt 1 and 2, which was seen as a problem by some companies while other companies stated that extended CP is used in large cells targeting coverage where this difference in multiplexing capacity does not matter. 
In addition, one company stated that with rotational-OFDM the inter-code interference could be handled with SF=4 also for extended CP. Consequently, according to the proposal, both SF=2 and SF=4 could for the case of 4Tx and extended CP where the network configures which scheme to use.
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Figure 3: PHICH mapping alternatives for extended CP and 4 Tx (d0 and d1 represent the SF=2 spread ACK/NAK symbol, red and green are two different PHICH groups).

The views expressed by different companies are summarized in the table below.

	Company
	Alternative

	Ericsson
	0

	LG Electronics
	2

	Motorola
	0

	Nortel
	2

	Samsung
	1


4. PHICH resource indication
From the kick-off e-mail:

At RAN1#51 it was agreed to signal the PHICH configuration on the PBCH with 3 bits 

· 1 bit PHICH duration

· 2 bits number of PHICHs (FFS is more bits are needed for TDD)

The interpretation of the two bits remains to be settled though and I would like to get some views on possible solutions on how to code the amount of PHICH resources using these two bits. It seems to make sense to interpret these two bits in relation to the system bandwidth and, if beneficial, also in relation to the UL/DL allocation for TDD.

Should the PHICH resource be x, x/2, x/4, and x/8, where x is given by the system bandwidth (and UL/DL allocation)? What value to have for x? Linear scaling with the system bandwidth?

Two fairly similar proposals were made, summarized in the table below and exemplified in the attached excel sheet.
	Company
	Preference

	Motorola
	N = 3xfloor(MAX(1,floor(Nh(NRB+1)/8)) 

where Nh=1/x and N is number of PHICH mini-CCEs and N/3 is number of PHICH groups.  

	Nokia, Nokia Siemens Networks
	Given by system bandwidth, NRB, ceil(NRB/2), ceil(NRB/3), ceil(NRB/4)

	LG Electronics
	‘ceiling’ as suggested by Nokia, useful with #PHICH>#RB for TDD and MU-MIMO
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5. PHICH modulation

From the kick-off e-mail:
the PHICH modulation is a minor open issue. In essence, the question is how many PHICHs we put into a PHICH group - 4 or 8.

In case of 4 PHICHs, the modulation could be specified as BPSK, mapped to the I (or Q) branch for all users. Future extension to uplink MIMO translates into moving from BPSK to QPSK.

In case of 8 PHICHs, the modulation is BPSK. Half of the PHICHs are mapped to I, the other half to Q. The benefit is an increased multiplexing capacity. Is there a risk of a near-far problem fi there is leakage between I and Q and diferent users with different PHICH power is assigned to different branches but the same orthogonal code?

No special treatment of the PHICH modulation with respect to uplink MU-MIMO or future extension to uplink SU-MIMO was identified. Several companies expressed the view that MIMO schemes should not affect the PHICH modulation in Rel-8.

Near-far problems, if they exist, was concluded to be handled in the implementation, e.g. by proper power setting at the eNodeB and/or by the appropriate scheduling decisions (i.e., PHICH assignments).

The views from different companies are summarized below.

	Company
	Preference

	Ericsson
	BPSK with I/Q-mux, 8 PHICH per PHICH group

	Motorola
	BPSK with I/Q-mux, 8 PHICH per PHICH group

	Nokia, Nokia Siemens Networks
	BPSK with I/Q-mux, 8 PHICH per PHICH group

	Samsung
	BPSK with I/Q-mux, 8 PHICH per PHICH group


6. PDCCH interleaver
From chainman’s minutes, RAN1#51:

· Interleaver design 

· Subblock interleaver (as already defined in 36.212, section 5.1.4.2.1) is the working assumption 

· If it is shown at the next meeting that problems exist with this interleaver, then select Costas interleaver

The topic was briefly discussed over e-mail. One company claimed problems with the current working assumption and Costas would give better cell-edge throughput while another company stated that there are no problems or significant performance differences.

No agreement to change the current working assumption was reached on the e-mail reflector. 
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Sheet1

		N^DL_RB				Motorola (number of PHICH groups)										Nokia (number of PHICH groups)

						1		2		3		6				1		2		3		4

		6				1		1		1		1				1		1		1		1

		7				1		1		1		1				1		1		1		1

		8				1		1		1		1				1		1		1		1

		9				1		1		1		1				2		1		1		1

		10				1		1		1		1				2		1		1		1

		11				1		1		1		1				2		1		1		1

		12				1		1		1		1				2		1		1		1

		13				1		1		1		1				2		1		1		1

		14				1		1		1		1				2		1		1		1

		15				2		1		1		1				2		1		1		1

		16				2		1		1		1				2		1		1		1

		17				2		1		1		1				3		2		1		1

		18				2		1		1		1				3		2		1		1

		19				2		1		1		1				3		2		1		1

		20				2		1		1		1				3		2		1		1

		21				2		1		1		1				3		2		1		1

		22				2		1		1		1				3		2		1		1

		23				3		1		1		1				3		2		1		1

		24				3		1		1		1				3		2		1		1

		25				3		1		1		1				4		2		2		1

		26				3		1		1		1				4		2		2		1

		27				3		1		1		1				4		2		2		1

		28				3		1		1		1				4		2		2		1

		29				3		1		1		1				4		2		2		1

		30				3		1		1		1				4		2		2		1

		31				4		2		1		1				4		2		2		1

		32				4		2		1		1				4		2		2		1

		33				4		2		1		1				5		3		2		2

		34				4		2		1		1				5		3		2		2

		35				4		2		1		1				5		3		2		2

		36				4		2		1		1				5		3		2		2

		37				4		2		1		1				5		3		2		2

		38				4		2		1		1				5		3		2		2

		39				5		2		1		1				5		3		2		2

		40				5		2		1		1				5		3		2		2

		41				5		2		1		1				6		3		2		2

		42				5		2		1		1				6		3		2		2

		43				5		2		1		1				6		3		2		2

		44				5		2		1		1				6		3		2		2

		45				5		2		1		1				6		3		2		2

		46				5		2		1		1				6		3		2		2

		47				6		3		2		1				6		3		2		2

		48				6		3		2		1				6		3		2		2

		49				6		3		2		1				7		4		3		2

		50				6		3		2		1				7		4		3		2

		51				6		3		2		1				7		4		3		2

		52				6		3		2		1				7		4		3		2

		53				6		3		2		1				7		4		3		2

		54				6		3		2		1				7		4		3		2

		55				7		3		2		1				7		4		3		2

		56				7		3		2		1				7		4		3		2

		57				7		3		2		1				8		4		3		2

		58				7		3		2		1				8		4		3		2

		59				7		3		2		1				8		4		3		2

		60				7		3		2		1				8		4		3		2

		61				7		3		2		1				8		4		3		2

		62				7		3		2		1				8		4		3		2

		63				8		4		2		1				8		4		3		2

		64				8		4		2		1				8		4		3		2

		65				8		4		2		1				9		5		3		3

		66				8		4		2		1				9		5		3		3

		67				8		4		2		1				9		5		3		3

		68				8		4		2		1				9		5		3		3

		69				8		4		2		1				9		5		3		3

		70				8		4		2		1				9		5		3		3

		71				9		4		3		1				9		5		3		3

		72				9		4		3		1				9		5		3		3

		73				9		4		3		1				10		5		4		3

		74				9		4		3		1				10		5		4		3

		75				9		4		3		1				10		5		4		3

		76				9		4		3		1				10		5		4		3

		77				9		4		3		1				10		5		4		3

		78				9		4		3		1				10		5		4		3

		79				10		5		3		1				10		5		4		3

		80				10		5		3		1				10		5		4		3

		81				10		5		3		1				11		6		4		3

		82				10		5		3		1				11		6		4		3

		83				10		5		3		1				11		6		4		3

		84				10		5		3		1				11		6		4		3

		85				10		5		3		1				11		6		4		3

		86				10		5		3		1				11		6		4		3

		87				11		5		3		1				11		6		4		3

		88				11		5		3		1				11		6		4		3

		89				11		5		3		1				12		6		4		3

		90				11		5		3		1				12		6		4		3

		91				11		5		3		1				12		6		4		3

		92				11		5		3		1				12		6		4		3

		93				11		5		3		1				12		6		4		3

		94				11		5		3		1				12		6		4		3

		95				12		6		4		2				12		6		4		3

		96				12		6		4		2				12		6		4		3

		97				12		6		4		2				13		7		5		4

		98				12		6		4		2				13		7		5		4

		99				12		6		4		2				13		7		5		4

		100				12		6		4		2				13		7		5		4

		101				12		6		4		2				13		7		5		4

		102				12		6		4		2				13		7		5		4

		103				13		6		4		2				13		7		5		4

		104				13		6		4		2				13		7		5		4

		105				13		6		4		2				14		7		5		4

		106				13		6		4		2				14		7		5		4

		107				13		6		4		2				14		7		5		4

		108				13		6		4		2				14		7		5		4

		109				13		6		4		2				14		7		5		4

		110				13		6		4		2				14		7		5		4
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