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1. Introduction
Between RAN1#50 and RAN1#50bis, an e-mail discussion on downlink control signaling took place. The topics discussed included

· PHICH coding for the case of 4 Tx antennas

· Relation between reference signals and control signaling for the multi-antenna case
· Association between PHICH and uplink transmission
· PHICH duration in MBSFN subframes
· PHICH configuration (“Chicken-and-egg problem”)

· CCE-to-RE mapping

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

2. PHICH coding for 4 Tx antennas

At RAN1#50, the mapping of PHICH was agreed for the case of one and two antenna ports, while the mapping for four antenna ports is FFS.

Very limited discussions took place on this issue, summarized below.
	Company
	Preference
	Misc

	Nortel
	SF=4 with modified SFBC+FSTD (Tdoc 3961)
	

	Samsung
	SF=3 followed by a 3/4-rate SFBC (Tdoc 4074)
	

	Qualcomm
	SF=4 with a modified Tx diversity scheme (Tdoc 3917)
	SF=2 for extended CP

	LG Electronics
	SF=2 (Tdoc 4199) or SF=4 with modified SFBC+FSTD (Tdoc 3961)
	


3. Relation between RS and control signaling for multiple antenna ports

The current version of 36.211 supports multiple antenna ports for the cell-specific reference signals, for the PBCH, and for the control signaling (PCFICH, PHICH, PDCCH). However, there is no linkage between the two in the specifications, but obviously it does not make sense to transmit the control signaling on a larger set of antenna ports than the reference signals.

It was proposed to state that the PCFICH/PDCCH/PHICH is transmitted on the same set of antenna ports as the PBCH, i.e., if N antenna ports are used for the PBCH, N antenna ports are used for L1/L2 control signaling.

No objections were raised on the reflector.

4. Association between PHICH and uplink transmission

According to RAN1#48, there is an implicit relation between the uplink resources used for dynamically scheduled data transmission, or the DL control channel used for assignment, and the downlink ACK/NAK resource used for feedback. However, the handling of retransmissions, persistent scheduling, and MU-MIMO have not yet been finalized. 

The views from different companies are summarized below.

	Company
	Preference

	NEC
	Explicit signaling

	InterDigital
	Associate with PDCCH (in a UE-specific way to handle retransmissions)

	Motorola
	Define PHICH groups, explicit signaling of resource within the group as part of the grant

	Nokia, Nokia Siemens Networks
	Implicit from the first  CCE in the PDCCH

	Samsung
	Implicit from the first CCE, explicit in the assignment in case of persistent scheduling 

	Panasonic
	Implicit from the first CCE in the PDCCH

	Qualcomm
	Associate with first RB of PUSCH transmission + DM-RS shift used for MU-MIMO

	LG Electronics
	Associate with RB of PUSCH transmission


5. PHICH duration in MBSFN subframes

At RAN1#49bis, it was agreed to support a longer PHICH duration corresponding to the maximum length of the control region, n=3 OFDM symbols, in addition to n=1 OFDM symbol duration. Semi-static configuration is used to select which PHICH structure to use.

During the control signaling discussions between RAN1#49bis and RAN1#50, it was commented that in MBSFN subframes, control signaling can span at most 2 OFDM symbols. Thus, in MBSFN subframes, a PHICH spanning the entire control region would correspond to n=2 OFDM symbols as n=3 is not possible in those subframes. However, two companies expressed the view that a PHICH duration longer than 1 OFDM symbol is not necessary and preferred to use 1 OFDM symbol for PHICH in MBSFN subframes. 

The issue was not discussed in depth at RAN1#50 and o discussions on this issue took place between RAN1#50 and RAN1#50bis. The table below reflects the preference among companies as stated during the downlink control signaling sessions at RAN1#50.

	Company
	Supported PHICH durations in MBSFN subframes
	Supported PHICH durations in non-MBSFN subframes

	Ericsson
	1 and 2 
	1 and 3 

	Qualcomm
	1 and 2 
	1 and 3 

	Samsung
	1 only
	1 and 3 

	Motorola
	1 only
	1 and 3 

	Panasonic
	1 and 2 
	1 and 2 

	Nortel
	1 and 2 
	1 and 3 

	LG Electronics
	1 and 2
	1 and 2

	Nokia
	1 and 2
	1 and 3

	NEC
	1 and 2
	1 and 3


6. PHICH configuration

For proper reception of the PHICH, the UE need to know

· the duration of the PHICH and

· the resources allocated for PHICH transmission.

According to the working assumption, the duration of the PHICH is semi-statically configured. To be able to receive the system information in SU-1, the UE need to read the PDCCH, whose format may depend on the PHICH parameters. This results in a “chicken-and-egg” problem.

Several proposals on how to handle allocation of PHICH resources were made

1. The PHICH resources are tied to the system bandwidth and not configurable, hence no need to signal this as part of the system information

· It was commented that this may lead to an unnecessarily high overhead if room needs to be taken for high VoIP load, MU-MIMO, etc.

2. The PHICH resource are signaled as part of the system information

· Concerns were raised on the amount of bits required on the PBCH

3. SU-1 is persistently scheduled such that no simultaneous PDCCH is required, which avoids the problem.

· No further discussion on pros/cons of this approach took place

4. Define the PDCCH-to-RE mapping such that the starting position of at least some PDCCHs is independent of the amount of resources for PHICH

· Avoids potentially expensive signaling of parameters on the PBCH, parameters can be put into SU-1 instead.

On the PHCIH duration, two possibilities were brought up

1. The duration is signaled as part of the PHICH resource information according to 1 or 2 above

2. The duration is tied to the PCFICH value in the subframe

· The PHICH error probabilities depend on the PCFICH error probability, which must be kept low.

7. CCE-to-RE mapping

One of the open issues regarding downlink control signaling is the mapping of CCEs to REs. In Kobe (R1-072613) it was agreed to use an interleaver/permutation followed by a cell-specific shift to define the mapping, but the interleaver details are yet to be decided upon. It has also been agreed that the interleaving operates on groups of 4 REs, sometimes referred to as a "mini-CCE".
The numbering of the mini-CCEs were discussed and it was proposed to number the mini-CCEs (excluding those used for PCFICH and PHICH) “frequency first per RB” (illustrated below). The intention is to ensure that a large separation in indices also implies a large separation in frequency (and time) to make the interleaver design simpler. Different views were expressed, illustrated in the three figures below. 
On the interleaving scheme to use, several proposals were made including QPP, Costas-sequence based interleaver, PBRI and different block-based schemes. As the discussion started at a late stage, it has not yet converged.

Power saving was brought up and the need for mapping a control channel over all the n OFDM symbols used for control siganlign was questioned. As a response, it was pointed out that this is the working assumption and useful for coverage reasons.
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a) Frequency-first indexing.
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b) Per-RB-frequency-first indexing
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c) Time-first indexing
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