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1 Introduction

The downlink distributed transmission mapping was discussed in the RAN1#49 meeting and amongst others in [1] the following was agreed. 

· A PRB only contains data for either localized or distributed transmission

· The size of a Distributed Virtual Resource Block (D‑VRB) equals a Physical Resource Block (PRB).

· D‑VRBs for a user are distributed over 2 or more PRBs.
In this contribution we propose the D-VRB to PRB mapping and the related DL L1/L2 control signaling. 

2 Mapping of D-VRB to PRB

Currently two proposals for the D-VRB to PRB mapping are under discussion. In the first proposal, Nd is defined independently of N_DPRB [2], with Nd denoting the number of PRBs on which a D-VRB is mapped and N_DPRB denoting the total number of PRBs used for distributed transmission. In the second proposal, Nd equals N_DPRB, i.e. Nd depends on N_DPRB (e.g. [3]

 REF _Ref169942077 \r \h 
[4]). We propose to take the first proposal based on the following reasoning:
In the second proposal, a UE needs to handle data symbols of a large number of PRBs in case a large number of D-PRBs are configured. In addition, the second proposal is less flexible in terms of PRB usage on cell level because the PRB usage in a subframe depends on N_DPRB, which cannot be defined dynamically, but needs to be configured semi‑statically. This is the case, since the distributed resource allocation for VoIP (the most important use case of the distributed transmission) is carried out semi-statically if VoIP is operated by persistent scheduling. 
In the first proposal, where Nd is independent of N_DPRB, a PRB – used for a distributed allocation – is divided into Nd fragments, where Nd is either predefined or semi-statically/dynamically controlled. This allows, that the PRB positions on which a D-VRB is mapped, are independent of the total number of D‑PRBs in a sub‑frame. Therefore, a merit of this approach is the flexibility of the resource usage. Since the distributed resources for a VoIP UE are semi-statically allocated by persistent scheduling, the configuration of the distributed transmission on UE level needs to be also semi-static in the subframe. However, at the same time the configuration of the PRBs (i.e. which PRBs are used for localized and which PRBs are used for distributed transmission) can be dynamic on a cell level, which allows the utilization of unused persistently allocated resources by dynamic allocations. 

The smaller the value of Nd, the better the resource utilization is. However, for small values of Nd it is not possible to obtain sufficient frequency diversity in TU condition as shown below. Contrary, in case of a larger Nd, the resource utilization efficiency is reduced if the number of distributed transmission UEs is small. 

According to the simulation results, shown in the Annex, Nd=6 is the necessary choice for a TU channel model in 10MHz system bandwidth in order to obtain sufficient frequency diversity without relying too much on time diversity (HARQ). In case of Pedestrian A, we do not see too much difference between Nd=2 and 6 because the channel is less frequency selective. We believe the improvement in TU is important. On the other hand, Nd=2 is preferable from a resource utilization point of view, e.g. if a small number for D-VRBs are being scheduled in a sub-frame. 

Therefore, we propose to define two Nd values i.e. Nd equal to 2 and 6, and Nd is to be configured semi-statically. The network decides the Nd value dependent on the number of distributed transmission UEs and the possible allocation sizes for distributed mode.

For the D-VRB to PRB mapping, we propose to define a specific mapping for each Nd value, which is suitable for the different use-cases. In case of Nd=2, we proposed to use the PRBs on the edge of the system bandwidth. This improves the frequency diversity especially for small system bandwidths and leaves more consecutive PRBs for localized transmission, as shown in Figure 1. As we proposing to use Nd=2 only when a small number of D-VRBs is used, the separation of all PRB pairs on which the D-VRBs are mapped is large enough to achieve sufficient frequency diversity. On the other hand, in case of Nd=6, we propose each D-VRB is evenly distributed over the whole system bandwidth as shown in Figure 2because we assume Nd=6 to be used for a large number of D-VRBs.
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Figure 1 proposed D-VRB to PRB mapping (Nd=2)
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Figure 2 proposed D-VRB to PRB mapping (Nd=6)

3 D-VRB multiplexing within a PRB 

This section discusses the D-VRB multiplexing and mapping onto REs. We propose a similar codec chain for localized transmission as shown in Figure 3 (example with Nd=6). The modulation symbols from each D-VRB are first multiplexed and interleaving is then carried out based on 4 symbols to support SFBC+FSTD. The output of the interleaver is mapped onto the REs in the same manner to the localized transmission, i.e. first in frequency domain over the assigned D-PRBs and then in time domain. 
The detail of the symbol interleaving is FFS. It could be combined with D-VRB multiplexing, or could alternatively just be omitted. Another possibility would be the reuse of possible PDCCH interleaver, which would be also based on 4 symbols.

We propose other part of the codec chain should be unchanged. 
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Figure 3 D-VRB multiplexing and RE mapping

The mapping shown in Figure 3 does not support intercell interference randomization, as we do not see the need for the following reasons: 
- Frequency selective fading causes power variation in the neighbour cells.
- Interference randomization can be achieved by different resource allocation between adjacent cells, if necessary.
- The nature of the VoIP traffic with voice activity implicitly randomizes the intercell interference.  

The proposed scheme allows power sharing within a PRB between UEs mapped onto the same PRBs because UEs are multiplexed in frequency domain. In addition, the interference on adjacent cells reference signals is randomized because several UEs are multiplexed in a PRB within an OFDM symbol. This could help to improve the CQI measurement accuracy of adjacent cells. 

4 Signaling aspects
Although the main use case of distributed transmission is VoIP, it might be beneficial also to use distributed transmission for dynamic scheduling of UEs with a high velocity and/or in low geometry. That is, reporting a wideband CQI only is more suitable for those UEs due to poor accuracy of the multi-band CQI and/or due to the large uplink control overhead. 

Assuming a bitmap signalling for the dynamic scheduling and the use of two or more PRBs, a distributed allocation effect can be achieved by allocating multiple localized RBs. Therefore, one option would be to utilize the combination of persistent scheduling (for smaller data) and dynamic scheduling (for bigger data) for the UEs in difficult conditions as mentioned above. On the other hand, the distributed allocation can be indicated by a consecutive D-VRB allocation with a smaller PDCCH payload size, which was agreed in RAN1#49bis in [5]. To reduce the PDCCH overhead, we propose to use the smaller payload format PDCCH for distributed virtual resource allocation, too. 

5 Conclusion
This contribution shows our view on the distributed VRB to PRB mapping and the related signaling. 

We propose the following: 

· Nd is independent of N_DPRB.

· Defining two values of Nd (Nd=2, 6) which is semi-statically controlled dependent on the traffic condition

· For Nd=2, the band edge PRBs are used for distributed transmission 

· For Nd=6, the D-PRBs are evenly distributed over whole system bandwidth 

· A similar codec chain for localized and distributed transmission

· Use of the small PDCCH payload format for consecutive virtual resource allocation for D-VRB allocation 
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Annex: simulation results 

Link level simulations were performed to evaluate the number of PRBs on which one D-VRB needs to be mapped to obtain sufficient frequency diversity. The simulation assumptions are shown in Table 1
Table 1 simulation assumptions

	System bandwidth
	10MHz

	Sub-frame duration
	0.5ms

	Sub-carrier spacing
	15kHz

	Sampling frequency
	15.36MHz

	FFT size
	1024

	Number of occupied sub-carriers
	601(DC sub-carrier is null)

	Number of OFDM symbols per sub-frame
	14 (11 for data transmission)

	Channel coding
	Turbo coding (mother coding rate R=1/3)

	MCS
	QPSK, R=1/2 and 16QAM, R=1/2

	Channel environments
	TU 6path 120km/h

	Antenna configuration
	1 transmitter antenna, 2 receiveer antenna

	Channel estimation
	Ideal

	HARQ
	Not used 


Figure 4 shows the BLER performance for various PRBs on which one D-VRB is mapped on (i.e. Nd) for a TU 120km/h channel. A RB-level distributed mapping within 10MHz is assumed. Nd=6 is necessary to obtain sufficient frequency diversity for a TU channel model. 
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(a) QPSK,R=1/2                                                        (b) 16QAM,R=1/2  

Figure 4 BLER performance for various number of RBs (Nd) for 10MHz system bandwidth
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