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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 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 DL. It is recognized that minimizing this overhead without materially affecting the achievable throughput is very significant in the E-UTRA DL design.

This contribution addresses the shared control channel (SCCH) signaling and presents a method avoiding location signaling for distributed RBs. Joint coding, at least for SCCH Category 1 is proposed. A counter indicator informing of the number of scheduled UEs, and thus implicitly of the SCCH size, should also be transmitted. Otherwise, excessive inefficiencies will occur in the SCCH transmission, contrary to the objective of minimizing the SCCH overhead. 

The method utilizes information already available to each UE though the SCCH (SCCH Category 1 is jointly coded), and has no impact on the achievable throughput of either localized or distributed UEs. The SCCH overhead can be substantially reduced, especially when the number of distributed 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). 

The proposed method is also compared against the Table method in [5] and it is shown that the preferred one in terms of minimizing SCCH signaling depends on the nature of scheduled UEs (localized or distributed). As a consequence, it is suggested that more than one mapping methods be adopted for the shared SCCH part and a small field of predetermined position and size can indicate the one used. 
2. Specification of Resource Blocks for Distributed Scheduled UEs
We assume that the DL SCCH comprises of two parts; shared and dedicated as proposed in [2]. The shared control part carries the L1/L2 control signaling bits that all UEs try to decode (joint coding), such as the scheduled UE identities (IDs) and information related to the RB that has been dynamically assigned to each scheduled UE (also referred to as Category 1 of the SCCH). The dedicated L1/L2 part consists of the remaining L1/L2 control signaling bits, which are decoded only by the scheduled UEs, i.e. modulation type, transport format and HARQ-related information (also referred to as SCCH Categories 2 and 3). 

While the dedicated part may employ separate channel coding for each scheduled UE and try to exploit a form of frequency dependent scheduling, the shared part should employ joint channel coding. Joint coding allows for larger coding gain, lower signaling overhead, and a single decoding operation. Notice that link adaptation through power is not easily or robustly applicable to separate coding of Category 1. 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. Joint coding outperforms separate coding as shown in [6].
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. 

2.1. Bit-Map Mapping
Figure 1 shows an exemplary conventional multiplexing of distributed and localized RBs. 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]. The throughput with distributed scheduling across RBs is practically the same as the one over sub-carriers [3]. The UE ID is specified together with the location of the RBs. A field that should be decoded by all UEs is transmitted at the beginning of the SCCH indicating the number of scheduled UEs in the sub-frame. This field also indirectly indicates the SCCH size. Another advantage of jointly coding Category 1 SCCH information is that this field can be efficiently incorporated in the overall codeword without additional coding overhead (e.g. increased coding gain, additional CRC).

[image: image1]
Figure 1: Exemplary Conventional Signaling for SCCH Category 1 with Bit-Map Mapping. 
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.

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 UEs can infer the location of the corresponding RBs from the location of the localized RBs and the IDs of distributed UEs. For example, distributed UEs may be assigned RBs according to the order their IDs appear in the SCCH. 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 localized (or distributed) UEs.

[image: image2]
Figure 2: Exemplary Proposed Signaling for SCCH Category 1 with Bit-Map Mapping. 
In Figure 1, there are 4 distributed, 2 localized UEs and 12 RBs (5 MHz). The specification of the RB location for each UE requires 12 bits. In Figure 2, the location of distributed UEs is not transmitted. Rather only the size of the RBs for each such UE needs to be specified. Since there are 4 distributed UEs, there are 3 DVRB sizes of 3 bits each with 000 representing 1 RB block (since a UE is scheduled, the smallest number of its assigned RBs is 1). Note that the last distributed UE need not have its size signaled as it can be determined from the scheduling information of the other UEs. It is assumed that a distributed UE can occupy a maximum of 9 RBs. However, there is no issue with scheduling one distributed UE occupying all RBs as this information will become available from the two fields with the total and localized scheduled UEs. 

The number of localized (or distributed) UEs needs to also be specified in order for a UE to infer where in the shared SCCH part the information for distributed UEs begins. The distributed UEs are ordered according to increasing IDs but any other predetermined ordering may apply. The fields specifying the numbers of total and localized (or distributed) scheduled UEs should be transmitted either separately at the very beginning of the SCCH or at the beginning of the jointly coded shared SCCH part (category 1). In the second case, decisions for these two fixed-size fields should be made prior to the reception of the entire codeword. The worst case decoding scenario occurs for the smallest codeword corresponding to 1 scheduled UE. Then, except for the 2 fields, only 1 UE ID needs to be transmitted. Then, for example, for a 12-bit UE ID, 12 bit CRC and tail biting, there are 96 bits in the codeword for 1/3 code rate. This provides enough trace-back length to decide for these 2 fields.   
Comparing the SCCH Category 1 signaling requirements in Figures 1 and 2, it is observed that for this exemplary setup, the approach in Figure 2 provides savings of 35 bits. In general, the larger the number of distributed UEs is, the larger the signaling savings are. The worst case scenario occurs when all UEs are localized and this leads to a penalty of only 4 extra bits (to specify the number of localized UEs) relative to Figure 1. The best case scenario occurs for 12 distributed UEs and this offers gains of 107 bits. In general, VoIP-like UEs are expected to make a significant portion of scheduled UEs and gain from the approach in Figure 2 will be substantial. For N distributed UEs, the bits savings at 5 MHz are
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2.2. Table Mapping
Figure 3 shows an exemplary conventional signaling with the Table mapping approach [5].

[image: image4]
Figure 3: Exemplary Conventional Signaling for SCCH Category 1 with Table Mapping. 

In Figure 3, although there are 12 RBs (5 MHz), 3 bits can indicate the RB to UE ID mapping since there are 6 scheduled UEs. The scheduled UE can infer the number of bits from the field specifying the number of scheduled UEs. Naturally, if for example 12 UEs were to be scheduled, 4 bits would be needed to indicate the RB to UE ID mapping. 

Excluding the UE IDs and the field for the number of scheduled UEs which are common in all cases, Figure 3 requires 3 x 12 = 36 bits to map the UE IDs to the RBs. Similarly, Figure 2 requires 2 x 12 + 4 + 9 = 37 bits. Although the two approaches appear equivalent in the number of signaling bits, this is just a coincidence of the assumed setup. It is not difficult to see that with more localized UEs than assumed, the Table mapping will require less signaling bits while with more distributed UEs than assumed, the approach in Figure 2 will require less signaling bits.

For example, if all UEs were distributed (as in all UEs being VoIP-like), the number of signaling bits in Figure 2 would be 3 x 5 + 4 = 19 which compares favorably to the 36 bits in Figure 3 (again, excluding bits that are common in Figures 2 and 3). If all UEs were localized, the signaling of Figure 1 would apply with the addition of the 4 extra bits of Figure 2 to specify the number of localized UEs. Then, the total number of bits would be 76 which compares unfavorably to the 36 bits in Figure 3.

The varying nature of the best mapping structure for the shared part of the SCCH can be addressed by having one additional bit transmitted at the beginning of the codeword indicating which of the two possible structures is used. This approach can be further generalized by adding more benefiting structures for an obvious increase in the corresponding number of indicative bits (e.g. from 1 for 2 structures to 2 for 4 structures).      

3. Shared Control Channel Structure for Category 1
The suggested structure for Category 1 of the SCCH is shown in Figure 5. A preceding field indicates the codeword structure (e.g. as in Figure 2 or Figure 3), the total number of scheduled UEs and the number of localized (or distributed) UEs so that the size of the SCCH in each sub-frame can be specified. 

[image: image5]
Figure 5: Structure of Category 1 SCCH (jointly coded). 
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 UE can determine the location of its corresponding RBs without explicit signaling by using the ID information of other distributed UEs and the location of localized RBs. 

4. Conclusions
We have presented a method to avoid explicit location signaling of distributed RBs in each sub-frame thereby eliminating the associated SCCH overhead. The size of distributed RBs and a field indicating the number of localized (or distributed) UEs is explicitly transmitted. The distributed UE whose ID appears first, second, etc. in the shared part of the SCCH occupies the first, second, etc. distributed RBs. Alternatively, the ordering can be based on ascending UE ID values. 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, IDs of distributed UEs, and size of RBs for each distributed UE.    
Regardless of the mapping method, it is also proposed that a field of predetermined size be either transmitted at the beginning of the shared SCCH part or separately prior to other SCCH information. This field is to determine the total and possibly the localized number of scheduled UEs. Moreover, another field of small predetermined size (for example, comprising of 1 or 2 bits) should be transmitted in one of the two previous ways to indicate the SCCH structure type (at least of the shared part).    
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