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1 Introduction

From [1, section 10.1], it is given that a PUCCH channel will be assigned based on the CCE index of the PDCCH used to carry the downlink control information (DCI). According to the latest way forward decisions on the hashing functions [2][3] (R1-081101 and R1-081675), all CCE indices at aggregation level 1 will be available for PUCCH mapping. As the PUCCH resources will have to be reserved according to the worst case situation (PCFICH=3 OFDM symbols reserved for control), this will lead to an over-reservation of PUCCH resources.

2 Overhead impacts
Following the allocation rules for reservation of the PUCCH resources, it is possible to calculate the needed amount of UL PRB resources needed for the A/N signalling (in this analysis we exclude overhead for semi-persistent DL data as well as periodic CQI reports). The minimum needed overhead for the dynamic scheduled A/N signalling for FDD mode is given in Table 1 for different system bandwidths. As stated above, the results have been made without considering that the excess PUCCH capacity (when rounding for full PRBs can be utilized for semi-persistent allocations as well as CQI reports). Correspondingly, the needed number of UL PRBs for A/N signalling for the different TDD UL/DL configurations is shown in Table 2. From the tables it is seen that for FDD, the overhead is close to ten percent and for many of the TDD UL/DL configurations, it is several times larger.
Table 1 Needed UL PRB for different system bandwidth configurations for FDD

	System bandwidth
	Maximum number of CCE
	Number of UL PRB needed for PUCCH (extended CP) [relative overhead]
	Number of UL PRB needed for PUCCH (normal CP) [relative overhead]

	5 MHz
	21
	2 [8%]
	2 [8%]

	10 MHz
	43
	4 [8%]
	3 [6%]

	20 MHz
	87
	8 [8%]
	5 [5%]


Table 2 Needed UL PRB for different TDD mode UL/DL configurations for the 10 MHz system bandwidth assumption

	TDD UL/DL configuration
	Maximum number of DL subframes to acknowledge per UL subframe
	Maximum number of CCE for DL allocations to be associated to A/N
	Maximum number of UL PRB needed for PUCCH (extended CP) [relative overhead]
	Number of UL PRB needed for PUCCH (normal CP) [relative overhead]

	0
	1
	43
	4 [8%]
	3 [6%]

	1
	2
	86
	8 [16%]
	5 [10%]

	2
	4
	172
	15 [30%]
	10 [20%]

	3
	3
	129
	11 [22%]
	8 [16%]

	4
	4
	172
	15 [30%]
	10 [20%]

	5
	9
	387
	33 [66%]
	22 [44%]

	6
	1
	43
	4 [8%]
	3 [6%]


3 Conclusions

As outlined in the above tables, it is seen that the implicit mapping from CCE index to PUCCH with the given way forward proposal of hashing functions will lead to a potentially significant uplink overhead. Therefore we propose that compression techniques for PUCCH allocations are considered by RAN1. This applies to FDD as well as TDD configurations.
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