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Discussion
1. Introduction

In RAN#50, distribution transmission with Nd=2 and 3 was agreed.  However, it was FFS whether Nd=3 is necessary and what criteria should be used to select Nd. This contribution provides justification for supporting Nd=3 and proposes a simple mapping rule. 

2. The Need for Nd=3
The key points for supporting Nd=3 are summarized as follows –

· Nd=3 provides substantial link performance gain over Nd=2 especially with 1 Tx antenna.  With 2 Tx antennas at the eNB, analysis shows additional frequency diversity gain of 0.2-0.5 dB is possible when each DVRB is distributed over 3 instead of 2 PRBs (see Figure 2 - Figure 3 for performance results).  With only 1 Tx antenna at the eNB, analysis shows a substantial frequency diversity gain of 0.6-1.0 dB is possible (see Figure 4 for performance results).  This is true even when H-ARQ is considered, as significant gain (0.5 – 1.0 dB at the 1% residual FER) is still possible after 2 transmissions.  For systems with large VoIP population, this represents a considerable gain in the system capacity.  Table 1 summarizes performance gain from Nd=2 to Nd=3 for QPSK, R=1/2.  As noted in [6], with higher-order modulation or higher code rates, the gain is larger (also verified in [1]

 REF _Ref177523279 \n \h 
[3]).  Note that similar link similar performance gain was also observed in [2].  As shown in Table 2, MCS levels higher than QPSK R=1/2 coding is needed for VoIP traffic using DPRBs.
Table 1.  Link gain from Nd=2 to Nd=3 (QPSK, R=1/2).

	Number of eNB   Tx antenna
	No HARQ
	HARQ

(IR, 2 trans max)

	1
	0.6 dB @ 10% FER,
1.4 dB @ 1% FER
	1.0 dB @ 1% residual FER

	2
	0.3 dB @ 10% FER,
0.4 dB @ 1% FER
	0.5 dB @ 1% residual FER


Table 2.  MCS levels for VoIP traffic using DPRBs.

	VoIP Traffic
	1 DPRB
	2 DPRB

	AMR (12.2 Kbps)

40 bytes VoIP frame
	16 QAM, code rate 2/3
	QPSK, code rate 2/3


· Nd=3 allows inter-cell interference mitigation.   An attractive feature of distributed transmission is the ability to perform inter-cell interference mitigation through interference randomization.  This feature is especially important for deployment scenarios where distributed frequency regions may be semi-statically configured, especially if the cells are also synchronized.  With the slot-based hopping adopted for Nd=2, additional randomization on top of scrambling is not possible since the distributed users apply the same hopping patterns.  With Nd=3, cell-specific mapping that provides good inter-cell interference mitigation can be easily designed. 
· Packing efficiency loss is minimal for Nd=3.   One concern with Nd=3 is the possible packing efficiency loss compared to Nd=2, where the loss refers to the possible loss of DPRBs if not enough distributed users are available to be scheduled.  Naturally, power from those unused sub-carriers can still be reassigned. In addition, those DPRBs may be filled with localized users.  This is trivial if DPRBs used for distributed transmission can also be dynamically scheduled via the PDCCH (see [1] for an illustrative example).   Also note that with the proposal to select Nd based on system bandwidth (e.g. Nd =3 for system BW > 8 RBs [1]), there should be sufficient number of users to fill in the DPRBs. 
Clearly, there are benefits in terms of significant link gain and interference mitigation to support Nd=3.  Packing efficiency loss for Nd=3 is minimal compared to Nd=2 even when persistently scheduled are considered if resources in the DPRBs can be dynamically reassigned. 
3. Mapping Details for Nd=3
Details of the proposed mapping rules have been presented in [1].  The key points of the proposal are summarized as follows –

· Nd is determined based on system BW. Nd =3 is used for system BW > 8 RBs and Nd=2 is used otherwise.  In addition, dynamic signaling is used for DVRB transmission (conditioned on it fitting as an allocation option within a DL grant).  Please refer to [1] for detailed description of the signaling method.
· A simple TDM mapping should be used. Simulation results show that a simple mapping is sufficient to get excellent performance. Figure 1 shows two mappings where a DVRB is distributed to PRB in a round-robin TDM fashion that performs almost identically to a scattered mapping [1]. Therefore, TDM mapping is preferred to a scattered mapping due to its simplicity. Although a simple FDM mapping may be used, with four subcarriers of a VRB allocated to each PRB, interference randomization is more difficult with FDM mapping. In either case, SFBC is supported through assigning pairs of resource elements.   Therefore, TDM mapping is preferred to FDM mapping.  Mapping 1 provides a simple TDM mapping where the PRBs are filled one DVRB at a time in identical manner as for localized transmission.  Mapping 2 also fills the PRBs in a TDM manner but using alternating DVRBs. Both mappings provide a simple way to realize the gain from Nd=3 with perhaps a slight advantage for Mapping 2 with regard to interference randomization.  Note that Mapping 2 is the same mapping method as proposed in [4]-[5].
· Cell-specific shifts may be used.  Cell-specific shift may be used to provide interference randomization when the same PRBs are used for distributed transmissions [5].  For Mapping 1, the shift may be performed in time via an interleaver.  For Mapping 2, frequency domain cyclic shift may be applied in each OFDM symbol in order to provide some randomization.
4. Conclusions
This contribution shows that they are significant benefits in terms of link performance gain (especially for 1 Tx antenna) and interference mitigation to support Nd=3.  Packing efficiency loss for Nd=3 is minimal compared to Nd=2.  Therefore, there is clearly a substantial benefit to support Nd=3.  A simple TDM mapping (either Mapping 1 or 2 as shown in Figure 1) where users are mapped in a round-robin manner similar to that used in localized mapping is proposed.  
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Figure 1.  Example of distributed transmission mapping (Nd = 3).
Table 3 - Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	1 ms

	FFT size
	512

	Resource Block BW
	180 kHz (12 sub-carriers)

	No of Resource Blocks
	25

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3 km/h)

	Channel estimator
	Frequency: DFT with Bayesian threshold
Time: Linear interpolation within sub-frame

	Modulation
	QPSK, 16-QAM

	Turbo Code Rate
	R=1/2

	H-ARQ
	IR, circular buffer rate matching

	# of TX antennas
	1, 2 – SFBC

	# of RX antennas
	2
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Figure 2.  Performance of downlink localized and distributed transmissions, QPSK R=1/2, TU 3 km/h, SFBC 2Tx-2Rx Ants.
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Figure 3.  Performance of downlink localized and distributed transmissions, 16-QAM R=1/2, TU 3 km/h, SFBC 2Tx-2Rx Ants..
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Figure 4.  Performance of downlink distributed transmissions, QPSK R=1/2, TU 3 km/h, 1Tx-2Rx Ants.




























































































































































































































































