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1. Introduction
Between RAN1#49bis and RAN1#50, an e-mail discussion on downlink control signaling took place. The topics discussed included
· Signaling of uplink resource allocations

· Signaling of downlink resource allocations

· PDCCH-to-RE mapping

· PDCCH contents

· PHICH duration in MBSFN subframes
Below, a summary of the discussions is provided and the proposed way forward based on the discussions that have taken place. 
2. Signaling of uplink resource allocations
Signaling of UL resource allocations only need to support contiguous allocations of RBs and hence it is sufficient to signal the start and the length of the allocation.

An HSDPA-like approach was proposed, also refered to as a tree-based approach, where the resource indication signaled to the UE is defined by 
if (P-1) <= ceil(N/2) 

resource_indication = N*(P-1) + Q 

else 

resource_indication = N*(N-P+1) + (N-1-Q)
where N is the system bandwidth (in resource blocks) and P and Q are the length of the allocation and the position of the first RB in the allocation, respectively. This approach supports signaling of allocations of any length between 1 and N and uses ceil(log2(N(N+1)/2)) bits.

The possibility to exploit the DFT precoder limitation (the length of an allocation can be expressed as a product of the factors 2, 3, and 5) in order to reduce the signaling overhead was also proposed. Some details on this proposal can be found in R1-070197, although several companies preferred to further studies before adopting such a proposal.

Proposal: Adopt the HSDPA-like approach above as the method for uplink resource signaling in LTE.
3. Signaling of downlink resource allocations
Signaling of DL resource allocations need to support contiguous as well as non-contiguous allocations. In the kick-off e-mail, it was suggested to take the summary in Tdoc 3227 as a starting point and limit the discussions to the schemes listed therein. From Tdoc 3227, a group-wise bitmap (3119, 2697) or a combinatorial approach (2997) seem to be the two main candidates. It was also highlighted that the signaling scheme selected need to support any system bandwidth from 6 to 110 RBs as the RAN1 specifications are bandwidth-agnostic.
The discussions that took place either argued in favor of (definable) bitmap or a combinatorial approach, with most companies supporting a bitmap-based approach. The details of the bitmap-based approach need to be agreed upon as different proposent suggest different variations on a similar theme. 
Proposal: Adopt a bitmap-based approach
	Company
	Resource assignment scheme

	Nokia
	Combinatorial (R1-073649)

	Motorola
	Bitmap-based (R1-073372)

	NEC
	Bitmap+tree-based (R1-073458)

	Samsung
	Bitmap-based

	Mitsubishi
	Bitmap-based


4. PDCCH-to-RE mapping
4.1. Background
The downlink control signaling consists of

· PCFICH, always in the first OFDM symbol.

· PHICH, one or several, the number of PHICHs is semi-statically configured. The PHICH duration is semi-statically configurable.

· PDCCH, the number of PDCCHs can vary dynamically as can the number of OFDM symbols (1, 2, or 3) used for the PDCCHs.

The detailed mapping of those channels to REs needs to be settled. In Kobe it was decided to map the PDCCHs to REs via an interleaver. As the interleaver was agreed to operate on sets of 4 REs, we basically need to put units of 4 REs into the OFDM symbols (one 'unit', dubbed mini-CCE in a Motorola contribution, is 4 consecutive (ignoring reference symbols) REs in one OFDM symbol). Thus, taking reference symbols into account, 2 such units can be put in each resource block in the first OFDM symbol. Simialrly, for the second OFDM symbol, 2 (4 RS case) or 3 (1 or 2 RS case) can be fitted per RB and for the last OFDM symbol 3 per RB. This building block of 4 REs also matches the PCFICH which need 16 REs in total (4 units of 4 REs each).

4.2. PHICH
It was agreed to define also the PHICH in terms of units of 4 REs (‘mini-CCEs’). As CDM has been agreed for PHICH, a number of PHICHs share each ‘mini-CCE’. Note that there currently are two agreed PHICH durations, 1 and 3 OFDM symbols.
The number of mini-CCEs used for a PHICH were discussed and different views were expressed as shows in the table below.
Proposal: PHICH uses 3 ‘mini-CCEs’ for both 1 and 3 OFDM symbol duration.
	Company
	‘mini-CCEs’ per PHICH
	PHICH spreading factor

	Huawei
	3 (for all PHICH durations)
	

	Samsung
	4 (single-antenna case)

3 (multi-antenna case)
	SF=4 for 2-antenna case
SF=3+rate-3/4 SFBC for 4-antenna case

	Nortel
	3 (for all PHICH durations)
	

	Nokia
	3 (for all PHICH durations)
	

	Panasonic
	4 (single-antenna case)

3 possibly for Tx-diveristy case
	SF=4

	Motorola
	3 (for all PHICH durations)
	SF=4

	KDDI
	3 (for all PHICH durations)
	SF=4

	Ericsson
	3 (for all PHICH durations)
	


4.3. Control signaling mapping structure

The PHICH and PCFICH mapping to REs was not decided upon in Kobe (at that time it was not known whether there were a PHICH or not). Two possibilities were mentioned:
· allocate REs for PCFICH and PHICH first, then perform interleaving of all the PDCCHs and map to the remaining REs.
· include also the PHICH and PCFICH in the interleaving (requires modifications to the Kobe decision).
It was agreed to map the PCFICH and PHICH first, then perform interleaving of the PDCCHs and map them to he remaining control REs.

It was commented that not all CCEs in a subframe necessarily are used by PDCCHs (as the size and number of PDCCHs can vary dynamically). Hence, some CCE's may not be allocated to a PDCCH transmission in a subframe, while scrambling/interleaving should be done over all the CCEs in a subframe. One possibility to handle this is to pad the input of the CCE interleaver to ensure that an integer number of OFDM symbols are used.
A structure where the REs used for PHICH depends on the PCFICH value were also proposed. It was commented that this requires very low PCFICH error probability as the PHICH error probability depends on thje PCFICH error probability, which is not desirable.

Proposal: Allocate REs for PCFICH and (semi-statically) for PHICH, then perform interleaving of PDCCHs and mapping to the remaining REs.

5. PDCCH contents

The contents of PDCCH depend on decisions on the solutions adopted for LTE (different MIMO schemes, etc). A starting point for discussions, together with some updates resulting from the e-mail discussions, is provided in a separate document (R1-073809). 
Proposal: Further discussions to complete the list in R1-073809.

6. 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, 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. 
Proposal: If a long PHICH duration is configured, n=3 (as agreed in Orlando) is used in non-MBSFN subframes and n=2 is used in MBSFN subframes.
	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 



