
TSG-RAN WG1 #49bis
R1-073051
Orlando, June 25 – 29, 2007
Source:
Ericsson

Title:
Summary of e-mail discussion on downlink control signaling
Agenda Item:
5.13.1

Document for:
Information
1. Introduction
Between RAN1#49 and RAN1#49bis, an e-mail discussion on downlink control signaling took place with more than 15 e-mails on the topic being sent to the reflector.

The list of discussion topics in the kick-off e-mail included

· How to encode the downlink resource assignments?
· Sequences for PCFICH (“cat0”)? In Kobe, coding of cat0 was agreed according to "the 2 bits are mapped onto 4 sequences of length 16 QPSK symbols (to be defined later)" but the sequences were not settled.

· Mapping of ACK/NAK and PCFICH to REs?

· Interleaver details for DL control signaling? The interleaver in Tdoc 2613 (could equally well be described as a mapping rule) needs to be defined.

· Scrambling? Tdoc 2613 relies on scrambling + cell-specific shift- What scrambling sequences to use and how should the shifts be defined?

2. Discussion
2.1. Encoding of resource assignments

Two main strategies for reducing the amount of signaling for downlink resource assignment, i.e., the (physical) resource blocks used for data transmission, were mentioned:

· Bitmap-based schemes, where resource blocks are grouped and the bitmap indicates whether a RB group is assigned or not. Example: with 52 bits,  50 bits can be used for the bitmap and 2 bits can be used to indicate whether the bitmap relates to 1) pairs of RBs, 2) single RBs in the upper 50 RB half of the spectrum, 3) single RBs, in the lower 50 RB part of the spectrum. The number of bits required for signaling the assignment is independent of the structure of the assignment.
· Block-based schemes, where one or several contiguous allocations are indicated. Each contiguous allocation can be signaled by a start-length pair or through a tree-based structure. For non-contiguous allocations, several start-length pairs are used. These schemes try to reduce the number of bits required to signal a single contiguous allocation; multiple start-length pairs can be used for non-contiguous allocations.
Most companies stating a preference mentioned some form of bitmap-based scheme, but no discussion on the pros/cons with the different approaches took place.

For signaling of uplink resource assignment, there is no need to have the possibility for signaling non-contiguous resources. Block-based methods, e.g., start-stop or tree-based encodings, were suggested for signaling of uplink resource assignment.

2.2. Sequences for PCFICH

Two structures were suggested:

· (3,2) simplex code with 10 times repetition and appending the systematic bits

· Mapping of 4 bits to two skewed/rotated QPSK symbols, followed by 8 times repetition

The coding scheme in the first approach fulfills the Plotkin bound of 21, whereas the second coding scheme was claimed to perform better in frequency-selective channels and fit better with the agreed transmit diversity schemes.

	Company
	PCFICH sequence

	Ericsson
	(3,2) simplex + 10 times repetition + appending 2 systematic bits (dmin=21)

	LG Electronics
	(3,2) simplex + 10 times repetition + appending 2 systematic bits (dmin=21)

	Motorola
	Predefined code, dmin=21

	Nokia
	Well-known sequence with distance 21. Fine with LG’s proposal

	Samsung
	(3,2) simplex + 10 times repetition + appending 2 systematic bits (dmin=21)

	Texas Instruments
	Rotated QPSK


2.3. Mapping of ACK/NAK and PCFICH

Most companies seem to agree that the ACK/NAK mapping (if an explicit ACK/NAK is transmitted in the downlink) should be independent of the PCFICH information (i.e., the number of OFDM symbols used for control signaling). One company stated that the ACK/NAK mapping can depend on the PCFICH information if the error probability for the PCFICH is lower than the required ACK/NAK error rate.

With the current agreement of not mixing data and control in an OFDM symbol, having the ACK/NAK independent of the PCFICH information implies that ACK/NAK is transmitted in the first OFDM symbol only (unless the smallest value on the PCFICH is limited to 2 or higher). However, a few companies stated that mapping the ACK/NAK to multiple OFDM symbols should be considered for coverage reasons. 
For uplink-heavy TDD allocations, the amount of ACK/NAKs that need to be transmitted in one downlink subframe is typically higher than for the corresponding FDD case.  It was commented that this should be taken into account in the design and might require the possibility to le the ACK/NAKs occupy more than one OFDM symbol.

2.4. Interleaver details for downlink control signaling

No detailed proposals were brought forward. It was stated by one company that the interleaving/mapping should be designed in conjunction with discussing the methods for blind decoding in the UE, while another company did not see the relation between the two issues.
2.5. Scrambling of downlink control signaling
No detailed discussions took place. UE/CCE-specific scrambling was claimed to reduce the UE complexity. Reusing the scrambling for other channels was also suggested to keep the structure simple.

