3GPP TSG RAN WG1 Meeting #48bis                                           R1-071654
St. Julians, Malta, March 26 – 30, 2007
Source: 

NTT DoCoMo, Mitsubishi Electric, Sharp
Title:
Transmission Interval of Cat.0 Information in E-UTRA Downlink
Agenda Item:

7.11.2
Document for:
Discussion and Decision
1. Introduction

During the TSG RAN WG1#48 meeting, we agreed on the basic downlink L1/L2 control channel structure, which includes the Node B indication of the number of control channel elements, i.e., the use of Cat.0 information [1]. However, the transmission interval of the Cat.0 information, k, was FFS and assumed to be determined at this TSG RAN WG1#48bis meeting. Our preference is the k of 1 sub-frame [2]. In this contribution, we summarize our views on the need for TTI-by-TTI transmission of the Cat.0 information.
2. Need for TTI-by-TTI Cat.0 Transmission and Concerns on Longer Cat.0 Transmission Interval
2.1. Throughput Gain
This is one of the main reasons for supporting the TTI-by-TTI transmission of the Cat.0 information. We previously showed that the maximum throughput gain by using TTI-by-TTI transmission of the Cat.0 information compared to semi-static control of the number of control channel elements is approximately 18% in large cell environments [1]. This is simply because the use of the TTI-by-TTI Cat.0 information reduces the waste of the radio resources prepared for downlink L1/L2 control signaling, and fully utilize the available radio resource to increase the sector and user throughput. 


Considering that the typical geometry variation (95% to 5%) is approximately 20 dB (thus 100 times), the gain shown above is very natural under real conditions since the cell edge UE requires 100-times more radio resources than the UE in the cell vicinity, and the Node B always needs to reserve a large amount of radio resources for L1/L2 control signaling when semi-static control of the resource assignment for L1/L2 control signaling is assumed.

As was presented in [1], [3], and [5], the required overhead for the TTI-by-TTI Cat.0 information is much less than 1%. Therefore, we can clearly improve the total system efficiency by using the TTI-by-TTI Cat.0 information.
2.2. Simplified and Flexible Scheduling
This is also very important for the operators. If we want to reduce the throughput loss without using TTI-by-TTI Cat.0 information, the Node B scheduler must average the required radio resources for L1/L2 control signaling for all TTIs considering the channel condition of all UEs in the scheduling while satisfying the different delay requirement of all UEs. This is very difficult in a practical system and we are concerned that the support of the delay-sensitive service will become inefficient due to this restriction in scheduling. As was suggested in [4], there are other sources that will change the required radio resources for downlink L1/L2 control signaling such as the PCH and RACH responses.

We would also like to point out that the re-transmission causes the fluctuation in the required radio resources for downlink L1/L2 control signaling in each TTI. For example, if the cell edge UE is scheduled at the end of a long Cat.0 transmission interval, then the Node B must reserve the radio resources for downlink L1/L2 control signaling with some “margin” for preparing the possible re-transmission for that UE. This degrades the throughput performance. If the Node B wants to avoid this, the Node B must avoid scheduling the cell edge UE at the end of the long Cat.0 transmission interval. This is also true for the persistently scheduled UEs.

Therefore, in an actual system, the transmission of the Cat.0 information with a longer period than the TTI will force very complicated and inflexible scheduling; otherwise, the achievable throughput will be degraded due to the margin of the radio resources for the downlink L1/L2 control channel.
2.3. Efficient DRX Control (Including Persistently Scheduled UEs)
If the transmission period of the Cat.0 information is longer than the TTI, the DRX UE such as for paging reception must wake up to receive the Cat.0 information in addition to the TTI in which the data to be received is transmitted. However, if Cat.0 information is transmitted TTI-by-TTI, the DRX UE will need to wake up only at the TTI with data to be received. The same problem in longer Cat.0 information transmission intervals will also occur for the persistently scheduled UE in the re-transmission mode. If the Cat.0 information is mapped onto the P-BCH, further degradation in the efficiency of the DRX mode will occur due to complex decoding of the P-BCH at every wake up timing. Therefore, transmission of Cat.0 information every TTI is also beneficial in implementing the DRX mode efficiently.
2.4. Reduction in Number of Blind Detections of L1/L2 Control Channel
Although this is not our main reason for employing TTI-by-TTI Cat.0 information, several companies claimed that the use of TTI-by-TTI Cat.0 information can reduce the number of blind detections at the cost of a slightly increased number of bits of Cat.0 information [3].
3. Conclusion
We recommend employing k = 1 sub-frame as the transmission interval for the Cat.0 information in the E-UTRA.
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