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Introduction

During the RAN1 Ad-Hoc on LTE in January and in subsequent e-mail discussions, we presented a proposal for signalling downlink scheduling allocations to users that is based upon the idea of locating the ID of the user to which a resource block has been allocated within the resource block itself.

The basic principles of the proposal are as follows:

· For localised users, an indication of the ID of a user that has been allocated a localised VRB is within the tones of the VRB (e.g. in the first symbol).

· To reduce signalling overhead, it is possible to use run length coding in the time and/or frequency direction; i.e. indicate the ID of a user, the number of consecutive chunks in the frequency domain he has been allocated and the duration of the allocation in the time domain; it is then not necessary to place the ID in the remaining blocks of the allocation and the unused tones can be used for data
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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 within the tones of the distributed VRB (e.g. in the first symbol)
· Again, run length coding can be used to reduce the signalling overhead
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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)

Although we propose here to locate the UE ID within the first symbol, the same principle of locating the UE ID within the allocated resource could equally be applied even if the ID is mapped into tones in more than one symbol.

The advantages of mapping signalling in this manner are:

· For scheduled users, the signalling is located within PRBs that have generally been chosen by the scheduler because they have good radio conditions. Hence power control of the signalling can be very effective

· For fast moving/distributed users, the signalling is itself distributed. Also distributed allocations can be ordered in a logical manner in order that advantage can always be made of the run length coding.

· No signalling bits are required for indicating allocations to individual users, because these allocations are implicit

· Flexibility in scaling the amount of scheduling signalling (by means of altering the length of consecutive time/frequency allocations)

We propose that signalling for individual users should be coded separately in order to allow for power control of the signalling based on the CQI [3].

This paper outlines some simulations undertaken to indicate the extent to which the signalling can be supported considering typical scheduler allocation patterns. Thus a radio system simulator was run using a proportional fair scheduler and not considering the signalling load. For each subframe, power control was operated on the signalling with a 1% BLER target for all users and the fraction of the total available Node B power required for supporting the signalling estimated. Clearly, it should be possible to support signalling scheduler decisions for the majority of the time within the Node B power budget.

 In addition, the benefits of using run length coding in the time/frequency directions are outlined.

Structure of the signalling

The signalling is assumed to consist of N bits plus a 16 bit CRC. The 16 bit CRC is masked by the UE ID, whilst the N bits are used for the (i) run length coding (“Run length coding” referring to the case in which, where contiguous resource blocks in either time or frequency are allocated to the same user the user is signalled in only the first resource block, together with an indication of the amount of contiguous allocated blocks that follow) and (ii) Any other information that is transmitted at the same time; e.g. Cat2/3 information (although it is not clear whether it is useful to code the cat 2/3 information together with the allocation information in the first symbol; we provisionally assume not although the benefits of doing so should be investigated further and could easily be accommodated within the proposed signalling structure). Note we also propose that the signalling of uplink scheduling allocations should be made separately to the downlink signalling (as this signalling cannot make such effective use of power control); our proposal for ACK/NACK and uplink scheduling signalling is covered by a separate document in [3].
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Figure 3 Signalling coding chain

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 resource allocation signalling, which for the purposes of simulation we assumed to be located in the first OFDM symbol. 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. A proportional fair scheduler was employed that does not pay attention to the signalling load, except that the scheduler was biased towards scheduling a larger number of VRBs to a user during a sub-frame as long as the throughput would not be affected, in order to take advantage of gains through run length coding of the signalling.

The results are given in terms of (i) Mean percentage of Node B power in the first symbol required to achieve 1% BLER for the signalling to all scheduled users and (ii) percentage of subframes for which the required Node B power for the signalling in the first symbol exceeds 75% (The figure of 75% is chosen based on a tentative assumption of around 25% of the power of the first symbol being used for CPICH); this figure indicates the amount of instances in which the required signalling cannot be supported
Simulation results

The first set of results indicate the power requirement where no run-length coding is employed and hence the ID of an allocated user is transmitted in every VRB in every subframe. For localised users, this scenario automatically allows for non contiguous resource allocations. The scenario is unrealistic for distributed users because in general resource allocations for such users can be logically ordered in such am manner that contiguous allocations can always be given.

The results are based on the percentage of Node B power required for the signalling assuming a 1% BLER. Note that if no run length coding is used, then the number of signalling bits in addition to CRC could be made as low as zero (if Cat2/3 information is placed elsewhere) since the CRC is masked with the UE ID.  Figure 4 indicates that for localised users, the signalling can easily be accommodated in 1 OFDM symbol. For localised users, the percentage of subframes in which the power required for the signalling in the first OFDM signalling exceeds 75% is <0.1%; hence at least if no Cat1/2 information is considered then the signalling can always be accommodated, even with no run length coding.
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Figure 4 Mean fraction of Node B power required for localised user signalling

Figure 5 indicates the percentage of Node B power required for signalling when all users are distributed and no run length coding is used. It is clear that with no RLC, it is not possible to accommodate signalling that allocates the whole 10MHz in 375kHz chunks to distributed users only. However as described above this scenario is anyway unlikely.
The reasons for the substantially worse signalling performance between localised and distributed users arises because:

· Localised users are scheduled at times when they have good radio resources in a particular frequency band (i.e. better utilisation of channel sensitive scheduling)

· Distributed users are faster moving than localised users (120km/h as opposed to 3km/h in these simulations) and therefore power control is less accurate.
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Figure 5 Mean fraction of power required for distributed user signalling
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Figure 6 Percentage of subframes for which distributed signalling cannot be transmitted
Figure 4 also indicates the percentage of Node B power required for L1 signalling for localised users when run length coding is used. Note that since the scheduler is unconstrained, cases where a user is allocated non contiguous blocks of PRBs are accounted for in these results. Note that to support the run length coding signalling, at least 4 signalling bits in addition to the CRC (masked with UE ID) are required.

 There is a little improvement to be obtained by run length coding for localised users. However Figure 5 indicates the significant improvement for distributed users. Clearly, for distributed users, the improvement using run length coding is important.

The reasons why the improvement is more significant for distributed users than localised users are that (i) for distributed users, the order in which VRBs that are allocated to users is unimportant; therefore it is possible for the scheduler to order VRBs in such a manner as to create runs of VRBs allocated to the same user without impacting throughput and (ii) For localised users, non contiguous allocations increase the signalling load
Figure 6 indicates the percentage of instances in which the 75% power barrier is exceeded. The percentage is somewhat higher than desirable; this suggests that it may be necessary to use a slightly lower coding rate for the distributed scenario. On the other hand, the pilot overhead and the exact amount of bits for UE ID/CRC is not clarified.
These results should be interpreted with care, as the gain to be obtained from run length coding depends on the scheduling strategy and the traffic model. However we believe that the general trend of being able to obtain gains for distributed users but less so for localised users is probably valid.

Conclusions

Placing the UE ID within the resource allocation allows for an efficient signalling of scheduling allocations if combined with a “Run length coding” indicating blocks of consecutively assigned VRBs in time and frequency. Furthermore, the scheme allows for flexibility for the scheduler to trade off signalling and data capacity.
Although this contribution has considered the case of the signalling being located purely within the first OFDM symbol, it would be equally applicable to FDM signalling.

Cat2/3 information could be jointly coded with the ID signalling or coded separately; further study is required to determine the optimal placing.
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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. 

	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), 1732m (Simulation Case 3)

	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)

	Maximum run length for run length coding
	8

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

	TX Diversity
	CDD, 2 antennas
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