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Introduction

During the RAN1 Ad-Hoc on LTE in January, we presented a proposal for signalling downlink scheduling allocations to users that allowed for multiple bandwidths, multiplexing of localised and distributed users, efficient power control for the signalling and also the possibility for blind detecting the amount of localised and distributed users and the structures of the distributed allocations [1],[2].

The basic principles of the proposal are as follows (see also [3]):

· For localised users, an indication of the ID of a user that has been allocated a localised VRB is placed on the same tones as the corresponding VRB and in the first (or possibly first/second) symbols.
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Figure 1 Proposal for indicating resource allocations to localised users

· For distributed users, an indication of the ID of a user that has been allocated a distributed VRB is placed on the same tones as the distributed VRB in the first (or first/second) symbols

· [1] also proposed a specific structuring for the mapping for distributed VRBs to PRBs in order to enable efficient multiplexing of the users and their signalling.
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Figure 2 Proposal for indicating resource allocations to distributed users (Note that 3 users share a PRB in this example although the tones within each PRB do not need to be consecutive for each user, as is depicted here for clarity)

Two options exist for coding of the signalling information; (i) Joint coding of the signalling for 3 users across 1.25MHz or (ii) Individual coding of the signalling for each user. (Of course, there exists the possibility of coding the signalling information over higher bandwidths; however this carries the disadvantage of implying different signalling formats for different system bandwidths, whilst the increase coding efficiency decreases with increasing bandwidth)
The advantage of a joint coding is an increased coding efficiency

The advantages of individual signalling signalling are that for localised users, the signalling is located at the same resource block frequencies as the allocation; these resource blocks are hopefully chosen by the scheduler to have good radio conditions and hence power control of the signalling for localised users can be efficient. For distributed users, the signalling itself is distributed and again, the Node B can attempt to use some form of power control; albeit more crude than in the case of the localised users.
The aim of this paper is to compare the performance of the joint and individual coding options.
Outline of the simulation

To analyse the amount of power required for the signalling, we employed a system simulation and used power control for the signalling. The amount of power required by the Node B to transmit the signalling depends on the radio link conditions of the terminals that are scheduled in each subframe. The results are given in terms of (i) Mean percentage of Node B power required to achieve 1% BLER on the signalling channel and (ii) Percentage of subframes for which the required Node B power for the signalling in the first symbol exceeds 75%, or in the case of two symbols 75% in the first and 50% in the second symbol. (The figure of 75% is chosen based on a tentitive assumption of around 25% of the power of the first symbol being used for CPICH).
Measurements in the simulation were based on a centre Node B. Interfering cells were assumed to be transmitting at full power that was uniformally spread at the transmit side across the full bandwidth.
In the case of individual signalling, the Node B sets the signalling power level based on the users reported CQI. If jointly coded signalling is used, the user with the lowest reported CQI is used to set the power level for the combined signalling. 

A proportional fair scheduler was employed that does not pay attention to the signalling load.
Simulation results

Results are presented in terms of Mean required Node B power vs BLER for a varying number of signalling bits. The use of only the first symbol, or both the first and second symbols were considered in order to examine a variety of coding rates. (In the case of first symbol only, the signalling is mapped to all 25 subcarriers minus those used for CPICH. If the second symbol is used additionally, then the signalling is mapped to a further 12 subcarriers). Two scenarios were simulated, one of which involves only localised users, whilst the other involves only distributed users.
Note that some of the curves apparently require greater than 100% Node B power in order to achieve the target BLER. This arises because in these simulations the Node B power was not restricted in the centre Node B, in order to be able to compare the effects of the two coding proposals. (The Node Bs that were not being measured were assumed to be transmitting continuously at 100% power). [3] discusses the power requirements for distributed and localised signalling in more detail.
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Figure 3 Individual and joint coding of L1 DL scheduling signalling for localised users
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Figure 4 Individual and joint coding of L1 DL scheduling signalling for distributed users
Conclusions

For both localised and distributed users, it can be seen that the ability to perform individual power control that individually coded signalling affords outweighs the benefit of increased coding gain afforded by joint coding. 
Thus our recommendation is to assume individual coding of downlink scheduling signalling and to base estimates of signalling structure and overhead upon this assumption.
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Simulation assumptions
Simulation assumptions comply in general with TR 25.814. Some specific assumptions are detailed below:
	Parameter
	Value

	Channel Model
	Typical Urban, 6 path

	Channel estimation
	Real, based on CPICH in the first OFDM symbol

	Pilots
	Every 6th tone, in the 1st OFDM symbol, starting with tone 1.

Pilot tone positions should be punctured from the signalling

	Subframe format
	7 symbols/subframe

	Modulation
	QPSK

	CRC
	16 bit

	Coding
	Convolutional, rate 1/3

	Puncturing
	Rel-99 CC algorithm

	N
	2, 4, 6, 8, 10, 12, 14 bits

	Positions of localised tones
	25 consecutive tones; punctured with pilots as appropriate in the first symbol. If second symbol also used, 12 tones from the VRB in the second symbol.

	Positions of distributed tones
	Every third tone within distributed PRBs; signalling distributed over 1.25MHz (see [1]). 


System level assumptions:

	Parameter
	Value

	Cell layout
	3 sectors, hexagonal, macrocellular

	Basestation separation
	500m (Simulation Case 1)

	Range Law
	128.1+37.6logR 

	BS TX Power
	46dBm 

	BS Bandwidth
	10MHz 

	HHO hysteresis
	3dB

	Traffic model
	Full Buffer

	Scheduling
	Proportional fair

	CQI
	Unquantised report of SIR averaged over a subframe, delayed by 4 subframes

	Power control
	Based on CQI (CQI for specific chunk used for localised PC; CQI over whole band used for distributed PC)

	Link/system interface
	Actual Value, based on MIB over first (first+second) OFDMA symbols
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