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1. Introduction

In last RAN1#47bis meeting, there took place a discussion on method of supporting multiple MCS for downlink CCH and necessity of dynamic Cat0 signaling [1]-[4], but without no conclusion. In this paper, we introduce our view on those two topics.
2. Multiple MCS support for CCH
Currently, we consider 3 coding rates for CCH (hereby, we call L1/L2 control signaling in first n OFDM symbols for DL/UL scheduling as ‘CCH’), that is, 2/3, 1/3, 1/6. Coding rate of 1/6 may be implied by simple repetition of 1/3 code and can be useful to avoid too large subcarrier transmit power for cell boundary UEs. In addition, we don’t consider any QAM modulation for CCH since QAM received signal strength estimation would be difficult due to the relatively small size of CCH.

The amounts of resource elements used by 1/6 code CCH and 1/3 code CCH are suggested being set 4 times and 2 times of 2/3 code CCH respectively. Furthermore, we suggest keeping the same set of resource element amounts for both downlink scheduling and uplink scheduling. For convenience, we call the amount of resource elements for one 2/3 code CCH as ‘CCH unit’.

For simple operation at UE side, we suggest the CCH coding rate is semi-statically fixed at each UE point of view. In this case, a UE can try decoding possible CCH positions under the assumption of its own assigned coding rate. Figure 1 illustrates this operation, where UE1 is assigned twice of the CCH code rate for UE2. It should be noted that we are considering CCH distributed over system bandwidth by subcarrier level, and the localized CCH in the figure is just for illustration.
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Figure 1  Blind CCH detection at UE side

In addition to this, dynamic Cat0 signaling which informs of the number of actual CCH transmissions reduces the number of decoding trials of each UE depending on that number. Moreover, if more number of information bits for Cat0 signaling is allowed, further reduction of blind CCH detection trial is possible. That is, Node B scheduler can transmit CCHs by order of coding rate. Then Cat0 signaling indicates number of actual CCH transmissions for each coding rate. In this case, a UE can know the time-frequency area of actual CCH transmissions with a coding rate assigned to it and try decoding CCH within only that area knowing the actual starting point of each CCH transmission in that area. Figure 2 illustrates this operation.
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Figure 2  Reduction of blind CCH detection with extended Cat0 signaling

3. Dynamic Cat0 signaling
We support dynamic Cat0 signaling which informs of the number of actual CCH transmissions every TTI by the following reasons.

· Dynamic sharing of downlink resource between CCH and SCH

· Differently from CDMA system, time-frequency resource of OFDMA system is hard-limited. Therefore, it is important to enable the full utilization of the time-frequency resource. By dynamic signaling of number of actual CCH transmissions, UEs can know which part of an OFDM symbol is used for CCH transmission, so the remaining part can be used for data transmission.

· A system simulation result showed that the sector throughput gain by this operation is around 2% [3]. Even though we appreciate that result, we believe a static system simulation cannot offer a full view on this kind of merit. In real field, number of UEs and traffic types change dynamically. Sudden increase or decrease of service requests is also possible. Moreover, it is current working assumption that CCH also carries PCH and RACH responses. Therefore actual dynamic range of number of CCH transmission could be very large, then dynamic resource sharing between CCH and data transmission seems to be necessary mechanism.

· Higher peak rate
· If we assume 30 resource elements used for one CCH signaling (and assuming the same amount for Cat0 signaling), a simple calculation obtains the gain in downlink peak rate for a UE in Table 1.
Table 1. Gain in peak rate by dynamic Cat0 signaling

	Number of OFDM symbols reserved for CCH signaling
	Gain in peak rate by dynamic Cat0 signaling

	1
	2 %

	2
	12 %

	3
	25 %


· Reduced blind CCH detection
· As already described, dynamic signaling of number of actual CCH transmission can reduce the blind CCH detection trial at UE side. The amount of reduction could be large depending on the exact contents of that signaling.
Required amount of resource elements for Cat0 signaling is dependent on the limitation to the maximum number of OFDM symbols that can be used for CCH transmission. For example, if we assume that 3 OFDM symbols are used for CCH transmission and a CCH unit consists of 30 elements, about 51 CCH units can be transmitted in 10 MHz system band. In this case, 6 information bits are required for a simple Cat0 signaling, and 15 information bits are required for an extended Cat0 signaling for further simplified UE blind detection. It should be also emphasized that Cat0 signaling doesn’t need to reach cell coverage but should be decidable by a worst case UE among scheduled UEs.
4. Conclusions
In this paper, we suggested a CCH structure to support multiple MCS for CCH. We also discussed the usage and necessity of Cat0 signaling, especially for efficient resource utilization and simpler UE operation for blind CCH detection. As a conclusion, we propose the suggested CCH structure and the usage of dynamic Cat0 signaling for EUTRA.
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