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1. Introduction
At the RAN1#49 meeting in Kobe, the basic principle and way forward concerning the downlink distributed transmission was agreed [1]. This contribution presents our views on the following remaining issues.
· Definition of mapping: How to map the virtual resource elements (REs) of one virtual resource block (VRB) into physical resource blocks (PRBs) for distributed transmission
· Number of PRBs a distributed virtual resource block (DVRB) is mapped onto, ND
· Signaling for distributed transmission
2. Performance Comparison between Different ND Values
The number of PRBs a DVRB is mapped onto, ND, determines the frequency diversity effect and the required signaling overhead. In this section, the achievable frequency diversity effect is evaluated. Table 1 gives the simulation parameters, which follow the approved parameters in [2]. 

Table 1 – Simulation parameters

	System bandwidth
	10 MHz

	Number of sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	9 MHz

	RB bandwidth
	375 kHz (24 RBs / 9 MHz)

	Symbol duration
	Useful data
	66.67 sec

	
	Cyclic prefix
	4.75 sec

	Sub-frame length
	0.5 msec (7 OFDM symbols)

	Modulation scheme

and

channel coding rate
	QPSK (R = 1/7, 1/3, 1/2, 3/4),

16QAM (R = 1/2, 3/4),

64QAM (R = 2/3, 3/4)

	Channel coding / decoding
	Turbo code (K = 4) /

Max-Log-MAP decoding (8 iterations)

	Hybrid ARQ
	Packet combining scheme
	Incremental Redundancy

	
	Round trip delay
	3.0 msec (6 sub-frames)

	Receiver diversity
	2 branches

	Channel model
	6-ray Typical Urban

	Maximum Doppler frequency, fD
	222.0 Hz 


We first compare the Packet Error Rate (PER) and throughput performance of the RB-level distributed transmission with different ND valuse assuming the data size of 180 bits. The coded bits are interleaved over ND blocks. Table 2 indicates the numbers of RBs in the RB-level distributed transmission and the RB-level distributed transmission with ND-block division for the respective modulation and channel coding schemes (MCSs) from QPSK with the coding rate of R = 1/7 to 64QAM with R = 3/4.
Table 2 – Numbers of RBs in RB-level distributed transmission and RB-level distributed transmission with ND-block division with the data size of 180 bits

	Modulation scheme and coding rate
	RB-level distributed
	RB-level distributed with ND -block division

	
	
	ND = 2
	ND = 3

	QPSK, R = 1/7
	6
	12
	18

	QPSK, R = 1/3
	3
	6
	9

	QPSK, R = 1/2
	2
	4
	6

	QPSK, R = 3/4
	
	
	

	16QAM, R = 1/2
	1
	2
	3

	16QAM, R = 3/4
	
	
	

	64QAM, R = 2/3
	1
	2
	N/A

	64QAM, R = 3/4
	
	
	


Figures 1(a), 1(b), and 1(c) show the average residual PER performance as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per branch with fD = 222.0 Hz (120 km/h), for QPSK with the channel coding rate of R = 1/2, 16QAM with R = 3/4, and 64QAM modulation with R = 3/4, respectively. The performance of the sub-carrier-level distributed transmission [3], which achieves the maximum frequency diversity, is also plotted as a reference. The maximum number of retransmissions, NARQ, is set to NARQ = 0, 1, and 3. First, Fig. 1(a) shows that the loss in the required average received Es/N0 at the average residual PER of 10-1 using the RB-level distributed transmission from that using the sub-carrier-level distributed transmission is small for QPSK modulation even without hybrid ARQ. Moreover, the loss is negligible when hybrid ARQ with packet combining is used with NARQ = 1 and 3. Figure 1(b) shows that in 16QAM with R = 3/4, the loss in the required average received Es/N0 at the average residual PER of 10-1 using the RB-level distributed transmission with ND = 2 compared to that using sub-carrier-level distributed transmission is approximately 0.9, 0.6, and 0.3 dB for NARQ = 0, 1, and 3, respectively. Similarly, Fig. 1(c) shows that in 64QAM with R = 3/4, the loss in the required average received Es/N0 at the average residual PER of 10-1 using RB-level distributed transmission with ND = 2 compared to that using sub-carrier-level distributed transmission is approximately 1.0, 0.7, and 0.4 dB for NARQ = 0, 1, and 3, respectively. Therefore, we see that by applying hybrid ARQ with NARQ = 1 and 3, the performance degradation in the RB-level distributed transmission with ND = 3 is marginal compared to the sub-carrier-level distributed transmission.
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(a) QPSK, R = 1/2                                                   (b) 16QAM, R = 3/4
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(c) 64QAM, R = 3/4

Figure 1 – PER performance comparison based on sub-carrier-level and RB-level distributed transmissions with the data size of 180 bits

Figure 2 shows a throughput comparison between the RB-level and sub-carrier-level distributed transmissions assuming the adaptive modulation and coding (AMC) scheme with ideal MCS selection. For hybrid ARQ, NARQ is set to one. The figure shows that the achievable throughput performance using RB-level distributed transmission with ND = 2 is almost identical to that using the sub-carrier-level transmission. 
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Figure 2 – Throughput comparison based on hull curve using sub-carrier-level and RB-level distributed transmissions with the data size of 180 bits

Based on the above observation, we conclude that RB-level distributed transmission with ND = 2 - 3 is sufficient from the viewpoint of the frequency diversity gain.
3. Distributed Transmission without NDPRB Signaling
This section describes the mapping rules in order to support the distributed transmission method without NDPRB signaling. In the scheme, the Localized-VRBs (L-VRBs) and Distributed-VRBs (D-VRBs) can be multiplexed as follows. 

(1) When distributed transmission is required, some of the L-VRBs are replaced by D-VRBs.

(2) The positions of the D-VRBs (PRB indices) are determined by a fixed rule according to the number of D-VRBs (see examples in [3] and [4]).

(3) A fixed rule indicating how to index the L-VRBs and D-VRBs is used. In Fig. 3, the indices of the L-VRBs are constant irrespective of the allocation of D-VRBs, i.e. the corresponding PRB index is used. Subsequently, D-VRBs are numbered from the left. In Fig. 3, the index of the D-VRB is one of the indices of the employed PRBs.

Based on (1) above, the size of the VRBs and the total number of VRBs, NVRB = NLVRB + NDVRB, are constant (equal to NPRB). This allows for a simple scheduling procedure and simple control signaling channel structure, i.e., the L1/L2 control channel structure can be fixed irrespective of NDVRB. Furthermore, based on (2) and (3) above, the UE can identify the positions (PRB indices) of allocated localized resources only with the resource block assignment information and resource assignment type, i.e., localized or distributed. 
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(a) ND = 2                                                                       (b) ND = 3

Figure 3 – Mapping pattern for distributed transmission without NDPRB signaling
(TDM-based mapping pattern is assumed as an example)
4. Comparison of Options for ND and Configuration
This section compares the options for ND and the configuration. Current options for ND are as follows;
· ND: 2, 3, or NDPRB
· (Re-)configuration of ND: Semi-static or dynamic 
Table 3 summarizes the merits and demerits for each option. 
Table 3 – Comparison of options for ND and configuration
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In the table, the number of distributed RBs indicates whether NDPRB can be changed TTI-by-TTI (Dynamic), or cannot be changed dynamically (Semi-static). The mapping pattern indicates to which parameter the mapping pattern depends, whether ND or NDPRB. The required signaling indicates the required parameters to be signaled to the UE for configuration. The packing efficiency indicates the degree of efficiency in terms of the number of possible unused DRBs that is prepared but not used. The frequency diversity gain shows the degree of frequency diversity gain obtained for each configuration.
First, the case of ND = NDPRB is discussed. In this case of the semi-static assignment of ND = NDPRB, the packing efficiency becomes the worst case. This is because the NDPRB cannot be changed TTI-by-TTI, although the actually used DVRB is changed TTI-by-TTI due to the variation in the number of distributed UEs. This means NDPRB must be set to the maximum number of DVRBs, and this causes low packing efficiency. Meanwhile, when the dynamic assignment of ND = NDPRB is applied, the loss of packing efficiency is alleviated since NDRB can be set according to the required number of DVRBs. However, dynamic signaling of NDPRB is required. 

Next, the case of ND = 2 or 3 is discussed. When semi-static assignment of ND = 2 is applied, the loss in the required average received Es/N0 at the average residual PER of 10-1 compared to that using sub-carrier-level distributed transmission is approximately 0.6 dB, assuming one retransmission at maximum as described in Section 3. On the other hand, when semi-static assignment of ND = 3 is applied, the loss in the required average received Es/N0 becomes marginal, although the packing efficiency becomes worse. Furthermore, in order to alleviate the packing efficiency and keep the frequency diversity gain, an alternative is to employ dynamic signaling of ND = 2 or 3. This is possible by applying the 1-bit signaling in the L1/L2 control channel or blind detection at the UE.
In summary, our first preference is a dynamic change of ND = 2 and 3 from the viewpoint of performance. However, if the dynamic change cannot be allowed from the viewpoint of implementation, we prefer the semi-static assignment of ND = 2 or 3.
5. Conclusion
This contribution presented our views on the remaining issues related to distributed transmission method in the E-UTRA downlink. A summary is given below.
· A fixed mapping rule should be defined in order to support distributed transmission without NDPRB signaling 
· Dynamic or semi-static assignment of ND = 2 and 3 should be supported.
· Each UE should be informed of the signaling of the transmission type, i.e. distributed or localized, using higher layer signaling or L1/L2 control channel.
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