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1. Introduction
In RAN1#49, the following attributes were agreed for the distributed transmission of the PDSCH:
· A physical resource block (PRB) contains data only for localized or for distributed transmission.

· The size of a distributed virtual resource block (DVRB) equals a PRB.

· DVRBs for a UE are distributed over 2 or more PRBs.

This contribution reviews the possible alternatives for distributed PDSCH transmission and states preferred ones in accordance with the above attributes. One main goal is to avoid introducing unjustified complexity in E-UTRA to support distributed PDSCH transmissions. Another main goal is to optimize as much as possible the tradeoff between maximizing the frequency diversity of the PDSCH transmission while also maximizing the packing efficiency of the allocated PRBs. The focus is on distributed PDSCH transmissions in the case of VoIP for which E-UTRA operation should be optimized. Possible differentiations between VoIP and dynamic scheduling are also considered.
Tradeoffs among possible configurations and values ND of PRBs over which the DVRBs for a UE are allocated are summarized in Table 3 of [1]. Regarding ND, the larger its value, the larger the frequency diversity and the better the BLER performance, but the lower the packing efficiency and the larger the bandwidth loss from unutilized RBs. Regarding the configuration, dynamic (per sub-frame or somewhat less often) specification of the ND value results to the best packing efficiency but requires the corresponding signaling. The reverse applies for semi-static or fixed specification of the ND value.

It should be noted that non-negligible BLER gain from increased frequency diversity with large ND values is mostly observed for high code rates such as 3/4 (for which the need for diversity of the OFDM transmission is maximized) and without considering HARQ. However such high code rates can always be avoided by reverting to a higher modulation and lower code rate (with the exception of 64QAM, r=3/4 which is rather unlikely for distributed transmission). The difference between ND = 2 and larger ND values is marginal at 10% BLER for low or medium code rates [1, 2].

The choice of the ND value and its dynamic or (semi)static configuration should therefore consider the targeted traffic characteristics. In addition, the distributed PDSCH transmission from each UE should maximize the commonality with the localized one in order to correspondingly minimize UE receiver and eNB transmitter complexity and testing configurations. Similar observations were raised in [3].
2. Distributed PDSCH Transmission – Single UE Transmission per PRB
A first observation is that in order to achieve the frequency diversity gains of distributed PDSCH transmission, it is not necessary to multiplex UEs in the same PRB and unnecessarily introduce a different configuration than the one used for localized scheduling, and also create different transmission powers within a PRB which may affect the effectiveness of power control and scheduling.
Distributed PDSCH transmission with a single UE per PRB can achieve maximum commonality with localized one while providing the frequency diversity to achieve the possible BLER performance gains. Moreover, all other features of localized PDSCH transmission, such as transmission antenna diversity, interference co-ordination, etc. are obviously seamlessly maintained without additional design rules or restrictions, thereby allowing for the same eNB transmitter and UE receiver processing as with localized transmissions.
Figure 1 shows, for the case of ND = 3, that the same frequency diversity is achieved regardless if UEs are multiplexed in the same PRB or not. The same approach can be readily extended ND = 2 or larger ND values (the first two OFDM symbols are assumed to be occupied by the PDCCH transmission). Note that for ND = 2, the distributed PDSCH transmission with 1 UE per PRB achieves the same as the slot-based hopping approach in [2]. However, it can support ND values larger than 2, if needed, while maintaining the commonality with localized PDSCH transmissions of having 1 UE per PRB. 

[image: image1]
Figure 1: Distributed PDSCH Transmission. ND = 3. Single vs multiple UE transmissions per PRB. 
Unlike the UL where distributed transmission is achieved through slot-based frequency hopping due to constraints on the demodulation RS overhead, this is not the case in the DL where the common RS spans the operating bandwidth and DPRB hopping can apply for each UE on an OFDM symbol basis. For the same ND value, this achieves the same frequency diversity as UE multiplexing in the same PRB but without substantially changing the PRB-based UE receiver and the eNB transmitter processing and introducing new configurations for testing. 
3. Configuration of Distributed PDSCH Transmissions
The two main choices for configuring the parameters of distributed PDSCH transmissions are:
a) The value of ND
b) Dynamic or (semi)-static signaling of the ND value
When considering the ND value, the existence of Tx/Rx antenna diversity is an important condition. For the 2x2 setup, ND = 2 is adequate to capture frequency diversity gains at 10% BLER [1, 2]. However, as the antenna diversity order decreases, the frequency diversity order should correspondingly increase. Therefore, for the 1x2 setup, ND = 3 (or even ND = 4 which is possible with 1 UE per PRB) is needed to capture the frequency diversity gains. For the 4x2 setup, having ND = 1 may not be considered as it unnecessarily increases the number of options although it avoids any packing loss. Also, having ND = NDPRB is not necessary as it does not provide meaningful BLER gains while potentially being susceptible to large losses in packing efficiency. Finally, since the gains from ND = 3 over ND = 2 are marginal at 10% BLER and likely to be offset by the larger losses in packing efficiency, having this additional configuration is not needed as it will introduce additional signaling and testing without impacting overall E-UTRA performance. Therefore, a fixed value of ND = 2 is sufficient for 2x2 or higher order antenna setups. For the 1x2 setup, a fixed value of ND = 3 (or ND = 4) can be considered.
It should be noted that there is no need to include an additional bit in the DL grant to indicate the nature of the scheduling (distributed or localized) as this can be configured through higher layer signaling (high speed UEs) or be predetermined (VoIP). 

For dynamic distributed scheduling, grouping of UEs is not needed in all but the case of a single PRB allocation. The reason is that for multiple PRB allocations, frequency diversity and overall system throughput optimization are most effectively achieved under the control of the eNB scheduler. This provides a unified transmitter and receiver structure for dynamic scheduling regardless of its nature (distributed or localized). Naturally, some performance loss does result for the case of a single PRB allocation with distributed scheduling but the absence of any loss in packing efficiency, which can be substantial, may offset any impact on the BLER and should result to improved overall throughput in the vast majority of cases. Whether to introduce UE grouping for dynamic distributed scheduling is FFS.
The previous analysis considered a fixed value of ND which avoids the need to inform the UEs of the number of PRBs allocated to DVRBs (NDPRB). Having the value of NDPRB signaled dynamically in every sub-frame is not desirable as its possible values can be nearly as many as the number of PRBs. A relatively large numbers of bits, such as 5-7, are needed for the larger E-UTRA bandwidths and the transmission cost is not offset by any potential gain of knowing NDPRB in every sub-frame.  
Semi-static signaling of NDPRB in the D-BCH may practically eliminate the transmission cost but can lead to substantial losses in packing efficiency between updates as all VoIP UEs need to be signaled reductions/increases in the corresponding PRBs as VoIP UEs leave/enter the system. 
The mapping of DVRBs can be fixed and depend only on the ND value. For example, for 5 MHz bandwidth and with ND = 2, a UE signaled the 1st PRB hops on the 13th PRB between successive OFDM symbols while a UE signaled the 13th PRB hops on the 1st PRB.  
4. Conclusions
This contribution reviewed aspects of the distributed PDSCH transmission in E-UTRA. In accordance to 25.913, version 7.3.0, Section 11, the number of options should be minimized, there should be no redundant mandatory features and the number of necessary test cases should be reduced. In particular, the following are suggested:

a) Symbol based PRB hopping with 1 UE per PRB as maximum commonality with localized PDSCH transmissions is achieved without any performance impact. The eNB transmitter and UE receiver operations are the same as for localized transmissions. Also, the same transmission power per PRB is maintained which can be beneficial for scheduling and power control.
b) For transmitter/receiver antenna setups with diversity order of 2x2 or larger, ND = 2 is adequate to capture the frequency diversity gains at 10% BLER for low to medium code rates. For antenna diversity order less than 2x2, a larger ND value can be considered.

c) The mapping pattern is fixed and depends only on the ND value.

d) The UEs do not need to know the PRBs allocated to distributed PDSCH transmission.
e) Distributed PDSCH transmission is configured either for the type of service (e.g. VoIP) or through higher layer signaling (high speed data UEs). No indication bit is needed in the PDCCH.
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