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1
Introduction
Shared downlink control channel (SDCCH), which is equivalent to HS-SCCH in Release 6, delivers the information needed to decode DL shared data channel (DL-SDCH) such as modulation and coding, resource allocation, indication of TTI duration for current allocation, indication whether the assignment is persistent, target UE ID, and the others. If the system supports adaptive retransmission, it should additionally contain HARQ process ID, redundancy version, new packet indicator, and the others [1].
In transmitting the SDCCH, we may take two strategies - either single transmission or multiple transmissions. Each strategy has advantages and disadvantages. Even though multiple transmission strategy has several advantages, it suffers from a huge time-frequency overhead when operated in the sub-band scheduling or SDMA mode. 

Therefore, we recommend adopting the single transmission strategy for SDCCH, which also means that we should adopt synchronous HARQ operation with non-adaptive retransmission for DL SDCH.  

2
Single Transmission of SDCCH 

In the single transmission strategy, the SDCCH is transmitted only once on the first transmission of DL-SDCH. The single transmission strategy has advantages and disadvantages in the following:

· Advantages: 

- Minimal time-frequency resource allocation for SDCCH  
· Disadvantages:


- Not able to support adaptive retransmission or asynchronous HARQ


- Potential link budget issue for SDCCH

- Not able to take the time diversity gain in the high Doppler channel


- Not able to take the advantage of average power reduction through early termination of DL-SDCH

If we cannot allow several retransmissions due to the latency requirements of TR 25.913, the disadvantages related to link budget, time diversity, and early termination are minimal. Furthermore, the adaptive retransmission or asynchronous HARQ is not likely to improve the system performance in such an environment [2].  
3
Multiple Transmissions of SDCCH 

In the multiple transmission strategy, the same control message of the SDCCH is transmitted on the initial transmission and every retransmission of DL-SDCH. The multiple transmission strategy has advantages and disadvantages in the following:

· Advantages:

 
- Be able to support adaptive retransmission or asynchronous HARQ

 
- Link budget problem can be alleviated for SDCCH

- Be able to take the time diversity gain in the high Doppler channel


- Be able to take the advantage of average power reduction through early termination of DL-SDCH

· Disadvantages: 


- Suffer from a large frequency-time resource allocation for SDCCH
As discussed in Section 2, the advantages are likely to diminish when the system is operated with short latency requirements of TR 25.913. 

If the system does not support sub-band scheduling nor SDMA, the resource required for SDCCH may be kept to an acceptable level. However, when the system simultaneously transmits multiple DL SDCHs for multiple users (e.g., for sub-band scheduling, SDMA, etc.), the number of SDCCH should also increases in proportion. The following example shows how significantly the SDCCH overhead can grow in the multi-user transmission.  

Let us assume the following numerology:

· Payload size of the SDCCH: 37 bits (the same as in HS-SCCH [1])

· Coding and modulation: 1/3 rate convolutional code (K=9) and QPSK modulation [1]
· Number of allocated tones per SDCCH: 63

· TTI length: 0.5ms

· System bandwidth: 5 MHz

· Number of simultaneously supported UEs: 12 (sub-band scheduling and/or SDMA)

If we take the multiple transmission strategy, we need 3% time-frequency resource for each SDCCH. See the link analysis in [3] for resulting error probability performances. In order to support 12 simultaneously communicating UEs, we need to allocate 36% of DL time-frequency resources for SDCCHs. Note that there are several other DL control channels which also take a significant portion of time-frequency resource (e.g., pilot channel, uplink assignment channel, ACK/NACK channel, etc.). 

As we observe in the above example, the multiple transmission strategy is likely to suffer from a significant control channel overhead especially when operated in the sub-band scheduling or SDMA mode.  

4
Conclusions
In this contribution, we compared the downlink control channel transmission strategies – single transmission vs. multiple transmissions. 
Even though multiple transmission strategy has several advantages of flexibility in HARQ operation, alleviated link budget, potential time diversity and early termination gain, it suffers from a huge time-frequency overhead when operated in the sub-band scheduling or SDMA mode. Furthermore, most of the advantages of the multiple transmission strategy diminish when the system is operated with short latency requirements of TR 25.913.  
Therefore, we recommend adopting the single transmission strategy for SDCCH, which also means that we should adopt synchronous HARQ operation with non-adaptive retransmission for DL SDCH.  
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