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1. Introduction

In E-UTRA downlink (DL) localized and distributed scheduling need to be multiplexed in the same sub-frame [1]. The control signaling overhead required for the specification of the resource blocks (RBs) for localized and distributed scheduling is an important factor in realizing the substantial frequency scheduling throughput gains in E-UTRA downlink. It is recognized that minimizing the control signaling overhead without materially affecting the achievable throughput is very significant in the E-UTRA DL design.

In this contribution we present a method to avoid signaling specifying the location of the distributed RBs in each sub-frame. The method utilizes information already available to each UE though the shared control channel (SCCH) and has no impact on the achievable throughput of either localized or distributed scheduled UEs. The SCCH overhead can be substantially reduced, especially when the number of distributed scheduled UEs is a moderate or large fraction of the total number of scheduled UEs (e.g. for low data rate applications such as VoIP or for cells supporting high speed UEs). 
2. Specification of Resource Blocks for Distributed Scheduled UEs
We assume that the DL SCCH comprises of two parts; the shared and the dedicated as proposed in [2]. The shared control part carries the L1/L2 control signaling bits that all UEs try to decode, such as the scheduled UEs identities (IDs) and information related to the RB that has been dynamically assigned to each scheduled UE. The dedicated L1/L2 part consists of the remaining L1/L2 control signaling bits, which are decoded only by the scheduled UEs, i.e. transport format and HARQ-related information. 

While the dedicated part employs separate channel coding for each scheduled UE, it is FFS whether the shared part employs joint or separate channel coding. Joint coding allows for larger coding gain and channel coding overhead reduction while separate coding allows for better link adaptation.

Another advantage of jointly coding the shared part of the SCCH is the ability of each UE to obtain scheduling information regarding all UEs in a sub-frame. Clearly, this is not possible with separate channel coding. For example, UEs near the cell edge will not be able to correctly decode the SCCH shared part portions intended to UEs near the cell center. Obtaining such “global” information may be beneficial in developing efficient techniques to signal the scheduling information with reduced overhead. 

For distributed scheduling the exact placement of the RBs is immaterial to the performance as the scheduling is based on the average CQI over the entire frequency band and the RBs span the entire frequency band. Therefore, information regarding the exact ordering of distributed scheduled UEs is not needed and can be avoided to reduce the SCCH overhead. 

Figure 1 shows an exemplary multiplexing of distributed and localized RBs over 2 shared data channel (SDCH) symbols. This can be directly expanded to all SDCH symbols in the sub-frame. In [3] it was shown that the throughput with distributed scheduling across RBs is practically the same as the one over sub-carriers. A method for a distributed scheduled UE to implicitly infer its PRB location from the location of the localized PRBs and the IDs of the distributed scheduled UEs is now described. Although Figure 1 is used as reference, the same principles can be applied regardless of the mapping rule among localized virtual RBs (LVRBs) or distributed virtual RBs (DVRBs) and physical RBs (PRBs) [4].
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Figure 1: Exemplary Multiplexing Between Localized and Distributed Resource Blocks. 
The UE IDs and the scheduling information for localized scheduled UEs are assumed to be transmitted in the shared part of the SCCH as proposed in [2]. With joint coding of the shared SCCH, all UEs can become aware of the scheduled ones. Distributed scheduled UEs can infer the location of the corresponding RBs from the location of the localized RBs and the identities of distributed scheduled UEs. Knowledge of the localized RBs, provides direct knowledge of the distributed RBs. The UE IDs of the localized and distributed UEs may be transmitted in order and a field may indicate the number of distributed scheduled UEs or if the RBs are localized or distributed.
For example, in Figure 1, there are 2 distributed scheduled UEs allocated the same resources. The UE with the smallest ID occupies the first and third RBs while the UE with the largest ID occupies the second and fourth RBs. Alternatively, the distributed scheduled UE whose ID appears first in the shared part of the SCCH occupies the first and third RBs while the UE whose ID appears second occupies the second and fourth RBs. The scenario in Figure 1 is the simplest one in terms of SCCH signaling requirements but also the one with the smallest flexibility.

The RB size may vary among distributed UEs. Moreover, the location of distributed RBs may change across SDCH symbols to achieve interference averaging. This general case is depicted in Figure 2. The first distributed scheduled UE requires twice the RBs than the second distributed scheduled UE while only localized scheduling is applied during the second OFDM symbol of the SDCH.
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Figure 2: Varying Size among Localized and Distributed Resource Blocks. 
For the general multiplexing scenario depicted in Figure 2, additional signaling will be required to indicate the number of RBs for each distributed scheduled UE. Such signaling is not additional one for the proposed implicit specification of distributed RBs. Also, the allocation of distributed and localized RBs remains the same throughout the sub-frame as varying them within the sub-frame entails significant increase in signaling overhead without offering meaningful throughput gains. 

An example of the suggested implicit mapping of distributed RBs is shown in Figure 3. A preceding field indicating the number of scheduled UEs can also indicate the number of distributed scheduled UEs so that the size of the SCCH part used for resource information can be specified. Alternatively, a single bit next to the UE ID or the RB size may indicate whether the UE or the RBs are for distributed scheduling. 
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Figure 3: Exemplary Structure of the SCCH part Carrying Resource Information. 
This additional overhead is much smaller than the one required for the specification of the location of distributed scheduled RBs when such RBs exist. For example, for 5 MHz operating bandwidth, there are 12 RBs, each requiring 4 bits for the specification of its location. Assuming the all UEs are high rate ones (no VoIP-type UEs) and that each UE is typically allocated 2 RBs in each TTI (6 scheduled UEs per TTI), the overhead tradeoff is positive for the described signaling method when there is a single distributed scheduled UE. If localized scheduling is applied to all UEs, the SCCH overhead increases but as such UEs are high rate ones, they are relatively few and the penalty is small.  However, as VoIP-type UEs will practically always exist, SCCH overhead reduction is practically always ensured. 

Locating the distributed RBs according to the UE ID provides implicit randomization of the interference in case there are multiple UEs requiring distributed scheduling and some of them are scheduled in most sub-frames. This can be augmented by additional rules such as using the sub-frame number as an additional parameter. Regardless of the randomization concept, each distributed scheduled UE can determine the location of its corresponding RBs without explicit signaling by using the information of the ID of other distributed scheduled UEs and the location of localized RBs. 

3. Conclusions
We have presented a method to avoid explicit signaling for the location of distributed RBs in each sub-frame and thereby eliminate the associated SCCH overhead. Each distributed scheduled UE can determine the location of the corresponding RBs based on the IDs of other distributed scheduled UEs and the location of RBs for localized scheduling. The UE IDs of the localized and distributed UEs may be transmitted in order and a field may indicate the number of distributed scheduled UEs. 
As an example, the distributed scheduled UE whose ID appears first, second, etc. in the shared part of the SCCH occupies the first, second, etc. distributed scheduled RBs. 
There is no impact on the throughput with distributed scheduling and the only requirement is that the portions of the shared part of the SCCH corresponding to the resource information for the scheduled UEs are jointly coded. The proposed mapping for the position of the distributed scheduled RBs can be summarized as follows:
a) Node B scheduler maps distributed RBs (possibly of different total size) to locations according to distributed UE IDs

b) Each distributed scheduled UE determines RBs positions according to localized RBs positions and IDs of distributed scheduled UEs    
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