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1 Introduction
One major criterion when designing LTE system is to avoid unnecessary options which increase development cost (complexity and testing effort). According to current discussion on DL control channel, it seems that PCFICH, PHICH and PDCCH may require different cell specific interleaving and mapping mechanism to achieve interference randomization between cells. This paper discusses the possibility to reduce number of mechanisms.   

2 Discussion
Current status

· mini-CCE = 4 consequtively useful REs in frequency domain 

· mini-CCEs used as ”building blocks” PCFICH, PHICH and PDCCH

· PHICH uses 3 mini-CCEs
· PCFICH uses 4 mini-CCEs

· PDCCH uses ~9 mini-CCEs
· Number of PDCCHs is indicated by PCFICH, system bandwidth, number of Tx anttenas, number of PHICHs

· PHICH duration (1 OR 3 OFDM symbols) and number of PHICHs – PHICH configuration is semi-statically configured 

To avoid chicken and egg problem [1], there can be several options
· O1: PHICH configuration need to be sent on [PBCH]

· O2: Only PHICH duration is signalled on [PBCH]. Number of PHICHs is derived from system bandwidth => less signalling bits
· O3: PCFICH is removed, number of OFDM symbols for PDCCH is the same as PHICH duration and is sent on [PBCH], number of PHICHs is either derived from system bandwidth or sent on SU-1. In the latter case, PHICHs use the last M CCEs. 
=> All options require UE to read [PBCH] to get PHICH duration

For O1 and O2

When PHICH duration is 1 OFDM symbols, it does not make sense to mandate to map a DPCCH on 3 OFDM symbols => in this case it would be simpler to interleave all mini-CCE for PCFICH, PHICHs and PDCCHs and distribute them per OFDM symbol basis. 

When PHICH duration is 3 OFDM symbols, there is no need to send PCFICH => in this case it would be simpler to interleave all mini-CCE for PHICHs and PDCCHs and distribute them over 3 OFDM symbols (like current assumption – see picture below)

Doing above will remove the need for multiple cell specific mapping for different channel type namely PCFICH, PHICH and PDCCH.
For O3

Interleave all mini-CCE for PHICHs and PDCCHs and distribute them over all OFDM symbols (indicated by PHICH duration). This remove the need for multiple cell specific mapping for different channel type namely PHICH and PDCCH. 
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Figure 1: From R1-072613

3 Conclusion

We discuss different options to handle chicken and egg issue and how to simplify interleaving and mapping mechanism for each option.
4 References
[1] R1-073454, “Chicken and Egg issue for DL L1/L2 control”, NEC 







RB





n OFDM symbols





Reference symbol





Interleaver operating on groups of k QPSK symbols



































Cell-specific shift of l QPSK symbols





Map to REs, first in frequency, then in time





Coded and rate matched/interleaved bits from one CCE





Cell-specific bit scrambling





QPSK modulation








[image: image2.bmp]