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Introduction
One of the main advantages seen from the proponents of a Clean Slate solution in [2] is the possibility to increase the UL capacity by transmission in narrow bandwidth from multiple transmitters, effectively increasing the power in the transmitted channel.
In this discussion paper a technique is provided that has the possibility to increase UL capacity by allowing simultaneous transmission in the same physical channel by multiple users. The technique is evaluated in GSM.
This document is a re-submission of a document submitted to the first FS_IoT_LC telco.
Background
Assuming that a device requires extended coverage, one of the primary factors that determine the transmission time and the resulting uplink coverage is the output power of the device. The bandwidth used to transmit the data for example will not have as profound effect on the transmission time, or the coverage achieved.
Based on these assumptions, one simple way of increasing UL capacity, when in extended coverage, is to use narrow frequency channels, as for example proposed in [2].
This is illustrated in Figure 1 comparing a single GSM channel with splitting the GSM channel into 12 different sub-channels, assuming the same output power is used irrespective of carrier type.
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[bookmark: _Ref391115528]Figure 1. PSD illustration of a single GSM channel compared to multiple narrowband channels, each using the same output power.
However, when not being strictly limited by the output power, the spectrum can be more efficiently utilized by the use of for example less channel coding redundancy, high order modulation and wider transmission bandwidth, as also was analyzed in [3].
A lower transmission time effectively increases the capacity by allowing more 
efficient user multiplexing in time but would also allow for a lower ON time to improve battery life. 
Ideally one would like to utilize the lower transmission time when in good radio condition, and still allow for simultaneous transmission of multiple users in bad radio condition. This is what can be realized with the technique proposed in this contribution.
Proposal
The proposal outlined below only applies to extended coverage when a radio block needs to be repeated. In the proposed repetition scheme, which is based on accumulation of received energy, the transmission and reception of the signal between transmissions need to have a certain level of coherency, e.g. the radio channel cannot change too much during a repetition period.
The proposed repetition scheme improves capacity by multiplexing multiple users on the same radio block. Orthogonally between multiplexed users is achieved through CDMA. More specifically each user repeats its blocks using an assigned orthogonal code. The use of the code implies either leaving the signal intact or applying a phase shift of 180.
To generate the orthogonal codes the Hadamard transform could for example be used (see the Annex), with each user being assigned a row/column of the matrix.  
At the receiver side, the received blocks are buffered. The row (or column) of the orthogonal matrix used by each user is known at the receiver. For example if user X used the third row of a Hadamard matrix in order to perform the phase shifts during the block repetitions, then the receiver must perform the same operation. I.e. after all the block repetitions have been received, the blocks are combined by simple addition of the received (I,Q) samples according to the user intended to demodulate. 
[image: ]
[bookmark: _Ref391117540]Figure 2. Illustration of how the proposal impacts MS and BTS procedures.
Figure 2 illustrates how the MS and the BTS are impacted by the proposal (boxes without filling). No hardware changes are foreseen; the new logic is of low complexity and can be implemented in software.
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[bookmark: _Ref391117958]Figure 3. Phase shift of MS1-MS4 when multiplexing four users.
Figure 3 illustrates how four different users repeat a single burst over the four first TS of the TDMA frame. The phase shifts of the repeated bursts are applied in accordance to the H2 Hadamard transform matrix depicted in the Annex.
Hence, to single out the burst of MS3 the BS receiver would first apply a phase shift of 180 to the cumulated signal received in TS2 and TS3, but not for TS0 and TS1. In a second step the BS coherently combines the signal received in all four TSs to extract the burst of MS3 while the received bursts of MS1, MS2 and MS4 are cancelled out.
The technique can be seen as a low rate overlaid CDMA technique.
Simulations
Simulation assumptions
The simulation assumptions are shown in Table 1.
[bookmark: _Ref391119116]Table 1. Simulation assumptions.
	Parameter
	Value

	Channel propagation
	EPA*

	MS speed
	1.2 km/h

	Impairments
	Typical, see e.g. [4]
Frequency offset:
 - ;  

	SCPIR
	Uniform distribution with spread 6 dB

	CDMA code length
	2, 4, 8

	Number of repetitions
	8 (within a TDMA frame)

	MCS
	MCS-1

	* Aligned with assumption in [1].



Since a frequency offset impairment will have impact on the orthogonality between the users, each user is assigned a frequency offset during the repetition period drawn from a normal distribution with mean 0 Hz and standard deviation of 25 Hz (this implies that around 95% of the users are assigned a frequency offset less than ). 
When orthogonality is lost between users (from for example frequency offset and/or radio channel propagation variations) the impact on the received power imbalance between users will be more pronounced. In the simulations a uniform distribution with a spread of 6 dB has been modeled. The performance shows the average performance of users being assigned different SCPIRs in the distribution while keeping the same overall ratio to the thermal noise floor in the receiver. It should be noted that this does not include the fast fading, which is added on top of the imbalance modeled from the uncorrelated channel propagation of each user.
Simulation results
In Figure 4 the simulation results of the proposal are shown.
[image: ]
[bookmark: _Ref391120797]Figure 4. BLER for a 2/4/8 user multiplexing user case.
It can be seen that the performance is hardly impacted by user multiplexing up to four users, while for the eight user multiplexing case the degradation from the reference case (no user multiplexing) is around 1.5 dB.
Conclusions
A multiplexing scheme to increase the UL capacity in extended coverage have been proposed and evaluated. For the simulated scenario multiplexing rates of up to eight users have been investigated showing very small performance degradation, compared to not using user multiplexing, in the case of two to four users multiplexed. When multiplexing eight users a degradation of around 1.5 dB was visible.
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Annex (Hadamard transform)



The Hadamard transform is an orthogonal transformation. It is usually defined in matrix form. For any integer ,  is a matrix of dimension  defined by the recursion

,

.
For example











Note that , where  denotes the identity matrix. The entry in the th row and th column of the Hadamard matrix shall be denoted.
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