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1. Introduction
This contribution examines possible methods for Node B to efficiently communicate the identities of scheduled UEs in the downlink (DL) and uplink (UL) of EUTRA. The evaluation is based on the overhead and performance for the shared control channel (SCCH). Another objective is to enable the UEs to maximize potential power savings during the micro-sleep mode. 

The SCCH is assumed to be transmitted in the first and almost certainly the second OFDM symbol of each TTI in order to minimize decoding latency and allow UE power savings. For a similar overhead between EUTRA and HSDPA (25%-30%), the pilot, common control, and shared control channels may be assumed to occupy the first two OFDM symbols in each TTI (28.6% overhead). The EUTRA pilot overhead may be somewhat smaller than in HSDPA (e.g. 7.1% or less versus about 10% for 1 Tx antenna) but the SCCH overhead may be somewhat larger due to frequency dependent scheduling and larger number of scheduled UEs (e.g. VoIP UEs), especially for the larger bandwidths. 

The contribution first considers the approach adopted in HSDPA for the communication of DL scheduled UE identities (IDs) [1]. This approach is first compared in terms of overhead to the case that the UE IDs are explicitly transmitted and jointly coded with the remaining SCCH information for all UEs. The later case minimizes the overhead as only one set of encoder tail and CRC bits is required. In contrast, the HSDPA approach splits the SCCH for each UE into 2 parts. The corresponding UE ID is not explicitly transmitted but rather it is scrambled in the first SCCH part containing the channelization codes and the modulation scheme of the UE. 
It is shown that while this approach has its benefits in HSDPA where a few UEs are simultaneously scheduled in the DL, unless encoder tail bits are not applied, it will be inefficient for EUTRA since both DL and UL scheduling will be simultaneously applied and the number of scheduled UEs will be substantially larger due to larger bandwidths or VoIP UEs. It is also shown that with the possible exception for the 1.25 MHz and 2.5 MHz bandwidths, both the TDM and scattered pilots can probably communicate the UE IDs in the first OFDM symbol, thereby maximizing potential UE power savings. 
An alternative to the HSDPA approach is then considered where the UE IDs are explicitly transmitted, jointly coded (although DL UEs and UL UEs may be separately coded), and separately coded from the remaining SCCH information. This transmission may occur in the first OFDM symbol of each TTI, whenever possible, in order for each UE to immediately determine if it is scheduled and maximize its power savings. The overhead of this approach is compared to the overhead of the HSDPA-based one and to the minimum overhead case where the UE needs to decode the entire single SCCH before it determines if it is scheduled, thereby effectively minimizing power savings. Moreover, the SCCH performance with the explicit transmission of the UE IDs is compared to the performance when all the SCCH information is jointly coded in a single codeword.
2. Implicit Communication of Scheduled UE Identities (HSDPA Approach)
An exemplary TTI structure with 7.1% TDM pilot overhead and 21.5% control channels overhead is shown in Figure 1.
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Figure 1: Exemplary Structure of an OFDMA Downlink TTI.

For the overhead breakdown of the control channels, following similar guidelines as in HSDPA and considering that EUTRA will support frequency dependent scheduling and MIMO, it is reasonable to assume that the common control channel will occupy about 25%-33% of the total control overhead. This assumes proportionally somewhat less common control and somewhat more shared control than in HSDPA where the corresponding overhead between the two control channels is similar. 
Similarly to HSDPA, for both EUTRA DL and UL scheduling, the SCCH may comprise of two parts for each UE. For example, one part can be for the channel dependent scheduling and the modulation scheme and the other for the transport block size and the HARQ. 
The signaling bits requirements of the first part will depend on the operating bandwidth since it contains channel dependent scheduling information and will affect the number of scheduled UEs. It may require less signaling bits than the second part for the lower operating bandwidths and more signaling bits for the larger ones particularly in conjunction with MIMO. The exact values will depend on the eventual chunk size selection (FFS) and possible chunk grouping mechanisms, if needed.

The second part is expected to have very similar signaling bits requirements as the corresponding SCCH part in HSDPA where 6 bits are needed for the transport block size, 3 bits for the HARQ process, 3 bits for the redundancy version and 1 bit for the new data indicator. Because of the various operating EUTRA bandwidths, the transport block size may be larger or smaller than in HSDPA and the corresponding number of bits may somewhat increase or decrease. 
Following a similar approach to HSDPA, an example for the SCCH partitioning of information directly related to UE scheduling is given in Figure 2. The first SCCH part is separately coded for each UE. The second SCCH part may be commonly coded for all UEs to reduced CRC overhead, as shown in Figure 2, or commonly coded between DL and UL UEs, or separately coded for each UE as the first part.

[image: image2]
Figure 2: An Example for the Shared Control Channel Partitioning.
Regardless of the information mapped on the first and second SCCH parts, a suitable partitioning can be found such that the scheduled UE IDs are scrambled into the smaller of the two SCCH parts which is separately coded for each UE and from the second part and is transmitted during the first OFDM symbol. For example, chunk scheduling and corresponding modulation may form the first part for smaller bandwidths while transport block size and HARQ information may do so for larger bandwidths.

Then, a 50% increase in the UE power savings is possible (assuming about 3 OFDM symbols for SCCH decoding and RF turn off/on which allows 2 OFDM symbols for power savings) if the UE IDs are encoded (scrambled) in the first OFDM symbol as in HSDPA. The mapping of the remaining control information in the second SCCH part to a particular UE can be based on the position of the corresponding UE ID in the first SCCH part.  
The power savings can be the same for the TDM and scattered pilots as a suitable SCCH partitioning together with puncturing can be probably found for both pilot formats.
For EUTRA, this SCCH partitioning needs to be further examined in terms of overhead. If the scheduled UE IDs were explicitly transmitted and jointly coded with the total SCCH information, only a single set of tail and CRC bits would be needed. Therefore, the overhead tradeoff between explicitly transmitting the UE IDs versus having additional tail and CRC bits as in Figure 2 should be examined. 

Assume that the number of UE IDs, UE ID bits, tail bits and CRC bits is N, U, T, C, respectively. Also assume that the code rate is 1/R, the number of information bits in each individually coded block of the first SCCH part is P1, and the total number of information bits in the second SCCH part is P2. Then the total number of SCCH transmitted bits with the partitioning shown in Figure 3 is 
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If the UE IDs were explicitly transmitted and jointly coded with all other SCCH information, the total number of transmitted bits would be 
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The difference is 
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 and does not depend on the SCCH payload. For T=8, C=16, and U=16, the additional overhead is large for all operating bandwidths, particularly if VoIP UEs are considered. This additional overhead may be avoided if no tail encoder bits are transmitted but the SCCH performance will incur a corresponding loss.
3. Explicit Communication of Scheduled UE Identities
An alternative approach is to explicitly transmit the UE IDs as the first SCCH part followed by the remaining SCCH information in the second SCCH part. This is illustrated in Figure 3.
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Figure 3: An Example for the Shared Control Channel Partitioning.

If the scheduled UE IDs are coded separately from the remaining SCCH information, the number of SCCH transmitted bits is 
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Compared to the case that the UE identities are jointly coded with the remaining SCCH information, the additional overhead is 

[image: image8.wmf](

)

C

T

R

+

.
For R=3, this is equal to 72 bits or 36 sub-carriers with QPSK modulation or, equivalently, 0.35 dB. Compared to the case that the UE IDs are scrambled (Figure 2), the overhead difference is 
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For T=8, C=16, and U=16, explicitly transmitting the UE IDs is preferable if more than 2 UEs are scheduled. Therefore, the HSDPA approach is indeed better suited for HSDPA but for all EUTRA bandwidths it is strongly preferable to explicitly transmit the UE IDs since a larger number of DL and UL UEs may be scheduled and VoIP support is needed. Notice that the two approaches will be largely equivalent in terms of overhead if tail bits are not used. The HSDPA-based approach will still be preferable if tail bits are not used and the number of CRC bits is smaller than the number of UE ID bits.

An exemplary SCCH multiplexing with separate encoding between the UE IDs and the remaining SCCH information is shown in Figure 4. The remaining SCCH information may be on the first and second OFDM symbols or distributed throughout most of the TTI (e.g. up to the sixth OFDM symbol to allow some processing time) to obtain time diversity gains since latency is not an issue as the entire TTI must be received before SDCH decoding. This assumes that a UE is scheduled throughout the TTI which is reasonable since sub-TTI scheduling intervals incur significant additional control overhead without offering proportional gains. Moreover, there is no impact on the UE power savings potential as the scheduled UEs are determined in the first SCCH part carrying the corresponding UE IDs.

[image: image10]
Figure 4: Shared Control Channel UE Identities Encoded on First OFDM Symbol.

This straightforward partitioning between the SCCH parts needs to be further examined in terms of performance. If any of the first or second SCCH part is in error, the total SCCH will also be in error. This total error probability is compared between the described SCCH partitioning in Figure 4 and the joint SCCH coding for all UEs. 
Figure 5 presents the FER performance for single SCCH encoding and for separate transmission of the UE identities (Figure 3). The results assume QPSK modulation, 5 MHz bandwidth, R=3, T=8, C=16 and that the total SCCH occupies 1.5 OFDM symbols. The raw information payload for the first SCCH part (UE identities) varies between 32 bits (2 UEs) and 64 bits (4 UEs). 
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Figure 5: Shared Control Channel UE Identities Encoded on First OFDM Symbol.

The FER of the two individual SCCH parts is not shown for clarity (the first part has smaller FER due to its lower payload but also has lower efficiency due to the proportion of CRC and tail bits). Splitting the SCCH into two parts outperforms in the area of interest (near 0.1%) by about 0.3 dB which almost offsets the corresponding overhead losses. The reason for the performance gain is that the smaller SCCH parts have smaller FER than the larger single one due their smaller payload. Therefore, explicitly transmitting the UE IDs will not have a noticeable impact on the resulting SCCH performance.   

4. Summary and Conclusions
We have examined two multiplexing methods for the scheduled UE IDs in EUTRA and compared the required overhead to the case that the UE IDs are encoded together with the remaining SCCH information. The first method is based on the one adopted for HSDPA where the SCCH comprises of two parts and each UE ID is scrambled with other UE SCCH information in the first SCCH part. The second method considers explicit transmission of the scheduled UE IDs. 
We showed that the overhead associated with the HSDPA-based approach is larger than the one with the explicit transmission of the UE IDs because of the larger number of scheduled UEs in EUTRA. However, the HSDPA-based approach is still preferable if encoder tail bits are not used.  
Using the one of the two previous UE ID multiplexing methods with the lower overhead will provide about 0.3 dB performance gains over the case that the UE IDs are jointly coded with the remaining SCCH information (minimum overhead). These gains almost completely offset the losses due to the larger overhead from the additional set of CRC and encoder tail bits. Consequently, the UE IDs can be multiplexed into a first SCCH part that is transmitted in the first OFDM symbol in order to maximize UE power savings.   
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SCCH Part 1: Separate Coding and CRC Attachment for each UE. Each UE identity is Scrambled as in HSDPA.














SCCH Part 2: Common Coding and Single CRC Attachment for all UEs. Information Mapping Determined from Part 1
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SCCH Part 1: UE Ids.    SCCH Part 2: All remaining SCCH information.
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