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1. Introduction

In this contribution we discuss of the impact of distributed transmission for FDD mode of LTE downlink at the system level. The current way forward on distributed transmission [1] proposes further studies on a choice between Nd=2 with slot-based hopping or Nd=3 with a mapping scheme yet to be defined.
Most of the companies have so far based their argumentation on link level studies solely, where distributed transmission is shown to provide gains. This contribution goes beyond the pure link level analysis in order to get a clearer picture of the potential impact of distributed transmission from the system viewpoint. Voice over IP (VoIP) has been selected as the most relevant scenario to evaluate distributed transmission with. It is further shown in the contribution that small gain in average system spectral efficiency can be expected from distributed transmission in one of the most relevant study cases. Hence, in a general scenario, it is expected that distributed transmission will have in practice little impact on LTE DL system performance.
2. Potential use cases of DL distributed transmission
It is well known from several performance studies that the use of localized transmission (i.e. scheduling of users on blocks of 12-sub-carrier physical resource blocks (PRB)) offers an attractive frequency domain packet scheduling (FDPS) gain for cases where the eNode-B is able to track the frequency selective radio channel quality based on the channel quality indication (CQI) feedback from the users. The latter is typically the case for terminal velocities up to approximately 20-30 km/h, where an FDPS gain of ~40% is achievable compared to blind radio channel scheduling or distributed transmission. For higher terminal speeds, the eNode-B packet scheduling can no longer track the frequency selective fading, and will thus have to rely on a transmission scheme that offers maximal frequency diversity. Also, if only a wideband CQI report (or no CQI report) is available frequency diversity is desirable. Frequency diversity transmission can be achieved by one of the following two methods:

1. Using localized transmission where a user is scheduled on multiple PRBs that are scattered over the full system bandwidth to offer maximal frequency diversity.
2. Using distributed transmission where a number of PRBs (scattered over the full system bandwidth) are shared by a set of users using distributed transmission.
Method #1 offers a high degree of frequency diversity for cases where there is sufficient data for a user to be scheduled on multiple PRBs, i.e. say at least 3-4 PRBs. For the latter case, the eNode-B packet scheduler will simply allocate the 3-4 PRBs for the terminal across the system bandwidth to obtain maximal frequency diversity. However, if the data amount for one user only requires transmission on one or two PRBs, then it is difficult to achieve efficient frequency diversity with localized transmission, so this is the case where distributed transmission can offer additional frequency diversity. Hence, one potential use case for distributed transmission could be a scenario with multiple VoIP users having terminal velocity of at least 20-30 km/h, or cases where there are no recent frequency selective CQI reports from a group of users.
One PRB of 12 contiguous sub-carriers can be reserved for either localized or distributed transmission. In cases where a PRB is reserved for localized transmission, only one user is scheduled on the PRB on all the 12 sub-carriers. A user can be scheduled on multiple PRBs with localized transmission. A PRB reserved for distributed transmission can be shared by multiple users on a sub-carrier resolution. However, a user scheduled with distributed transmission shall always be scheduled on groups of Nd x 12 sub-carriers, where Nd is a positive integer (Nd=1,2,3,…). Nd=1 corresponds to localized transmission. If we have less than Nd users, then the frequency diversity gains for those users will come at the expense of potentially having unused sub-carriers in the downlink, i.e. potentially loss of capacity.
3. Link and system level analysis
In this section we present performance results for the potential gain of distributed transmission over localized transmission. As motivated in previous section, a gain is only expected for the case where transmission is conducted on a small number of sub-carriers per user, while not using radio channel aware scheduling with localized transmission. Hence, we consider a typical VoIP case with a transport block size of 320 bits and transmission on 1-4 PRB(s) (i.e., 12-48 sub-carriers) per user. Each user is assumed to use one of the following transmission mode:

1.

1 PRB, QPSK modulation, rate 1/3;
2. 

2 PRBs, QPSK modulation, rate 4/9; 
3. 

3 PRBs, QPSK modulation, rate 2/3;
4. 

4 PRBs, 16QAM modulation, rate 2/3.
The parameter Nd in downlink distributed transmission takes here values from the set Nd={1,2,3,6}. Specific VRB to PRB mapping rules chosen for simulation are shown in Figure 8 - Figure 11 in the Appendix. For Nd=2, slot-based hopping is the working assumption, while for Nd=3 there is no preferred scheme yet. A 10 MHz system bandwidth is assumed with either single transmit antenna (1 Tx) or dual antenna applying space frequency block code transmit diversity (2 Tx SFBC) and two receive (Rx) antennas with MMSE receiver. The channel profile is SCM Urban Macro cell. Chase combining hybrid ARQ (HARQ) with a maximum of four retransmissions is applied. Detailed link level simulation parameters are stated in Table 2 in the Appendix.

First, let us look at link level simulation results with this typical VoIP setup. Performance in terms of block error rate (BLER) is shown in Figure 1 in the single transmit antenna case for the various considered transmission modes as well as the different values of Nd. Results with 2 Tx SFBC transmission at the eNode-B are shown in Figure 2. As expected, distributed transmission provides the most gain in the case of a single PRB. As seen from the figure, the maximum achievable gains at 10% BLER (typical HARQ operation point) range from 0.4 dB (4 PRBs, QPSK, R=1/3) up to 1 dB (1 PRB, 16QAM, R=2/3). Additional transmit diversity (2 Tx SFBC case, see Figure 2) further narrows those gains: from 0.2 dB (4 PRBs, QPSK, R=1/3) up to 0.7 dB (1 PRB, 16QAM, R=2/3).
Then, we choose the average spectral efficiency [b/s/Hz] as normalized measure to depict the system performance. Average spectral efficiency as a function of the SINR is shown for each transmission mode and each value of the parameter Nd in Figure 3 and Figure 4 for single and dual transmit antenna cases, respectively. As seen from the figures, only minor differences are observed in spectral efficiencies depending on the value of Nd when 2 to 4 PRBs are allocated. Again, only the single PRB mode does get some benefit from distributed transmission. 
Finally, we perform a cross-analysis with data obtained from system level simulations. To this end, we link spectral efficiency curves (which are function of the SINR) with the SINR distribution of the users in the cell obtained from system level studies. The probability density function (p.d.f) of the SINR in EUTRA simulation case 3 [3] shown in Figure 7 has been selected for this purpose. No frequency dependent scheduling is applied. It is assumed that the transmission mode which offers the highest spectral efficiency gets always chosen by the UEs. As a result, the cumulative density function (c.d.f.) of the spectral efficiency is derived in this typical VoIP scenario where users operate with the four considered modes and HARQ retransmissions whenever needed. The c.d.f. of the spectral efficiency is shown in Figure 5 for the single transmit antenna case and Figure 6 for dual antenna transmission with SFBC.
The c.d.f. of the spectral efficiency provides us with a much more realistic impact of distributed transmission at the system level than with the picture we get from link level simulations only. While most gains are obtained with a single PRB at the link level, transmission modes with 2 to 4 PRBs, which already have inherent frequency diversity, are much more likely to be selected in practice given the distribution of user SINRs in Figure 7. Furthermore, the value of Nd does not have much impact on tail of the c.d.f. in Figure 5 and Figure 6. Table 1 provides us with estimates of the achievable gains in average spectral efficiency with distributed transmission. We see from the table that the overall gains of distributed transmission are small regardless of the specific value of Nd. Moreover, HARQ retransmissions can be scheduled in practice at different locations in frequency, which is expected to provide additional frequency diversity and narrow the gains of DL distributed transmission further down. Also, bundling of one user’s data could be performed, e.g. 2 VoIP packets for 1 user with 16QAM with 1 PRB could be sent at once on 2 PRBs, hence providing a degree of diversity equal to Nd=2 transmission with 1 PRB of data.  
Table 1 Average gain in system spectral efficiency [b/s/Hz] expected from distributed transmission in a typical VoIP scenario; 1 Tx & 2 Tx SFBC transmission at eNode-B.
	
	Nd
	1
	2
	3
	6

	1 Tx
	Avg. spectral efficiency
	0.794
	0.799
	0.804
	0.810

	
	Gain wrt. Nd=1
	0.0 %
	0.7 %
	1.3 %
	2.1 %

	2 Tx SFBC
	Avg. spectral efficiency
	0.827
	0.832
	0.837
	0.842

	
	Gain wrt. Nd=1
	0.0 %
	0.6 %
	1.2 %
	1.8 %
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Figure 1 Block error performance as of function of SINR and the value of the parameter Nd in distributed transmission; single transmit antenna case; 4 different considered transmission formats with a VoIP typical payload of 320 bits: (1 PRB, 16QAM, R=2/3), (2 PRBs, QPSK, R=2/3), (3 PRBs, QPSK, R=4/9), (4 PRBs, QPSK, R=1/3).
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Figure 2 Block error performance as of function of SINR and the value of the parameter Nd in distributed transmission; 2 Tx SFBC transmission; 4 different considered transmission formats with a VoIP typical payload of 320 bits: (1 PRB, 16QAM, R=2/3), (2 PRBs, QPSK, R=2/3), (3 PRBs, QPSK, R=4/9), (4 PRBs, QPSK, R=1/3).
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Figure 3 Spectral efficiency curves as a function of the SINR and the value of Nd for each of the considered combination of modulation and code rate; single transmit antenna case.
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Figure 4 Spectral efficiency curves as a function of the SINR and the value of Nd for each of the considered combination of modulation and code rate; dual transmit antenna case applying SFBC transmit diversity.
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Figure 5 Cumulative density function of the system’s spectral efficiency as a function of the value of Nd in distributed transmission; single transmit antenna case.
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Figure 6 Cumulative density function of the system’s spectral efficiency as a function of the value of Nd in distributed transmission; dual transmit antenna case applying SFBC transmit diversity.
4. Discussion and conclusions

This contribution evaluated localized (Nd=1) and distributed transmission (Nd>1) for LTE FDD downlink from both link and system level perspectives. VoIP was selected as one of the most relevant scenarios to evaluate distributed transmission with. It is shown that little impact is to be expected from distributed transmission at the system level in general, regardless of the value of Nd. In other scenarios than VoIP, it is expected not to observe much gain in practice from a system level perspective. Potential gains of Nd>1 over Nd=1 can be even further reduced, e.g. by using adaptive HARQ with retransmissions scheduled at different locations within the transmission spectrum or by means or packet bundling whenever feasible. Therefore, if distributed transmission is to be applied in the system, the simplest possibility i.e. Nd=2 should be chosen.
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Appendix 1 – Simulation parameters 
Table 2 Simulation parameters.
	Transmission bandwidth
	10 MHz

	IFFT size
	1024

	Number of used sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	9 MHz

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	TTI length
	1 ms (14 OFDM symbols, normal cyclic prefix)

	Channel model
	SCM Urban Macro

	UE velocity
	3 km/h

	Channel estimation
	Real 2D estimator using RS (over 2 consecutive sub-frames)

	Transmit diversity
	1. 1 transmit antenna (1 Tx)

2. 2 transmit antenna diversity (2 Tx SFBC)

	Receive diversity
	2 receive (Rx) antennas

	Detector
	MMSE

	Channel coding
	Turbo coding at rate 1/3; trellis termination, 12 tail bits; lower effective code rates achieved through repetition and puncturing

 Low



	Symbol mapping
	10 OFDM symbols per sub-frame



	Hybrid ARQ  parameters
	Chase Combining; 4 retransmissions max. (4 ms time interval)

	Modulation, effective code rate, number of allocated PRBs for each user
	1. QPSK, R=1/3, 4 PRBs

2. QPSK, R=4/9, 3 PRBs

3. QPSK, R=2/3, 2 PRBs

4. 16QAM, R=2/3, 1 PRB



	Nd value in distributed transmission
	Nd={1, 2, 3, 6}

	Transport block size
	320 bits
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Figure 7 Probability density function of the SINR in a cellular scenario for EUTRA simulation case 3.
Appendix 2 – Considered VRB to PRB mappings depending on Nd
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Figure 8 Nd=1; one user allocated with 1 PRB.
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Figure 9 Nd=2; two users allocated with 1 PRB each.
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Figure 10 Nd=3; three users allocated with 1 PRB each.
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Figure 11 Nd=6; six users allocated with 1 PRB each.




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































