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1. Introduction
This document summarizes the e-mail discussions on downlink L1/L2 control signaling taking place on the RAN1 e-mail reflector between RAN1#46bis and RAN1#47.

Three questions were raised on the reflector related to downlink control signaling:

1. Location of the downlink control signaling in the subframe pair – at the beginning (small value of n) or spanning a larger part of the subframe pair (larger value of n). This is sometimes (with abuse of terminology) called “FDM” vs. “TDM”.

2. Whether information to multiple UEs should be coded individually or separately.

3. Whether the modulation and coding of the control signaling should be dynamically (i.e., using a ‘cat 0’ information field broadcast over the cell in each subframe pair) or semi-statically set.

The location of the control signaling and the parameter n is schematically illustrated in Figure 1. In Figure 2, the usage of cat 0 information is illustrated.
Question 1

Most of the arguments in for different multiplexing approaches have already been stated in the past. The proponents of the respective scheme typically claimed the benefits as summarized below.

· Small n: reduced latency (possibly affecting the number of hybrid ARQ processes), reduced buffering requirements, possibility for micro sleep. Claimed to provide coverage on par with large n schemes by some companies.
· Large n: possibility for power balancing between data and control to provide good coverage. At least one company pointed out the need for large n for a robust control channel design in absence of accurate power/rate adaptation of the control channel.
No common agreement on the choice of n was reached on the reflector.

Question 2
No extensive discussions took place. However, no company seems to advocate encoding of all control signaling jointly in a single code word.
Question 3
Some companies claim benefits of having a dynamically adjustable control channel size and to signal the modulation/coding used for the control signaling on a separate ‘cat 0’ field. It was commented that ‘cat 0’ need to reach the cell border and, if cat 0 is agreed, the number of bits must be kept small not to cause coverage problems.
Some companies preferred to fix the format of each control channel to simplify the overall structure and to semi-statically allocate the amount of resources needed for control channels.

No common agreement was reached on the reflector.

Table 1: Summary of views expressed on the reflector.
	Company
	Location of control signaling
	Dynamic or semi-static allocation of control resources (Cat 0)

	Ericsson
	Coverage is important, n should be sufficiently large to handle also large cells (case 1/2/3/4 are only examples)
	

	ETRI
	
	Static or semi-statically configured format. Cat 0 indicates the control channels in use in a subframe pair.

	LG
	Prefers to limit each control channel to one OFDM symbol.
	Semi-statically configured format per UE. Cat 0 indicated total control channel size in a subframe pair.

	Motorola
	Beginning of subframe pair, n=1 or 2

Configurable n with nmax =2 (nmax =3 FFS)
	

	Nokia
	Beginning of subframe pair, n=1 or 2.
	Configurable n

	NEC
	Beginning of subframe pair, n as small as possible (n=1 or 2).
	Fixed format of each control channel.

	Qualcomm
	Coverage is important, n(6. 
	Prefers n to be fixed (fixed format of each control channel).

	Samsung
	Coverage is important. Prefer n=14, can accept n(6.
	Prefers n to be fixed (fixed format of each control channel).

	TI
	Beginning of subframe pair, n as small as possible.
	Dynamic control, granularity less than 1 OFDM symbol. Cat 0 should reach the cell border.
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Figure 1: Example of multiplexing with different values of n. In the leftmost figure, all control signaling is located at the beginning of the subframe pair and in the rightmost figure, the control signaling spans the full 1 ms duration. Principal illustration only, the location and size in the frequency domain may be different.
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Figure 2: Example of usage of cat 0 information. Principal illustration only, the location and size in the frequency domain may be different.
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