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1. Introduction

Previous control channel (PDCCH) papers have addressed invariant control channel designs [1][2] and their benefits. This contribution builds on [2] and describes an invariant design for the downlink L1/L2 control channels based on 
(1) reduced number of control channel configurations from 8 possibilities (n=1,2,3 and #tx=1,2,4) to only 3 possibilities (n=1,2,3).
(2) forming the CCEs from position invariant building blocks (dubbed mini-control channel elements), where each mini-CE is contained within an OFDM symbol but the CCE spans n (per agreement in Malta) 
(3) use of puncturing or alternate RS formats [2] for improved performance
Each mini-CE has 4 REs for control.  The mini-CE size is 6 REs with 2 REs reserved for reference symbols (RS) if located in ofdm symbols 0 or 1 and 4 REs if located in ofdm symbol 2 (see Figure 9 ANNEX D)
The position of a mini-CE is invariant to the number of eNB transmit antennas and to the size of the L1/L2 control region n, where n is 1, 2, or 3 OFDM symbols and is signaled dynamically via a 2-bit ‘Cat0’ field.  The mini-CE position is also invariant to RS shifting/hopping where the RS and control locations in a mini-CE vary as shown in ANNEX B Figure 5.  The alternate RS formats allow for significantly improved control channel SINR vs BLER performance especially at low SINR since the RS positions corresponding to antenna 2 or 2,3,4 for the 1x2 case and the RS positions for antenna 3,4 for the 2x2 case are allocated to improve control channel estimation.  Puncturing of course can be used instead.
2. Downlink L1/L2 Control Channel Invariant Configurations
Figure 1 for the 5 MHz LTE carrier case shows the three invariant control channel configurations based on using mini-CEs.  The mini-CE locations are invariant to changes in the number of antennas and changes in n the number of integer OFDM symbols allocated to the control region. Control channel elements (CCEs) are constructed from k mini-CEs.  For a CCE of size 36 REs then  k=9 is needed.
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Figure 1 – Three CCH configuration design for 5 MHz carrier using mini-CE for CCE of size 36 REs
Figure 2 below shows the control channel configurations for the 10 MHz case where k=12 for a CCE size of 48 REs.  As for the 5 MHz example the three control channel configurations correspond to n=1, 2, or 3 with RS positions occupied for antennas 1 and 2 (for 1x2 eNB-UE tx/rx antenna configuration) or RS positions occupied for antennas 1,2,3,4 (for 1x2 or 2x2 eNB-UE tx/rx antenna  configuration).  While the mini-CEs that are aggregated to construct the CCE can be different depending on n the mini-CE positions themselves are invariant to n and invariant to the number of eNB transmit antennas used. 
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Figure 2 - Three CCH configuration design for 10 MHz carrier using mini-CE for CCE size 48 REs
Table 1 shows the maximum number of downlink (DL) and uplink (UL) UEs that can be scheduled per subframe since each number before DL or UL represents the number of single CCEs supported.  Typically for 5 MHz the maximum #UEs scheduled per subframe would be set to 6 for DL and 6 for UL such that any additional CCEs beyond 6 would likely be used to improve control channel detection reliability instead of supporting more UEs per subframe.  For 10 MHz it has been shown that a maximum of 10 UEs in the downlink and 10 UEs in the uplink need to be scheduled per subframe [6].
Table 1 – Number of downlink and uplink UEs schedulable per subframe

	Size of CCH
	5MHz
	10MHz

	Region (#ofdm)
	Ant 1,2
	Ant 1,2,3,4
	Ant1,2
	Ant1,2,3,4

	n=1
	4DL/UL
	
	6DL/UL
	

	n=2
	
	9DL/UL
	
	10DL/5UL

	n=3
	
	10DL/8UL
	
	16DL/11UL


Figure 3 shows how each CCE may be interleaved, broken into ‘virtual’ mini-CE’s of 4 RE’s each, and then mapped to the physical mini-CE’s for that CCE. Inter-cell interference coordination or randomization can be supported with cell-specific permutations from the virtual mini-CE to mini CE’s. The virtual mini-CEs are mapped to mini-CE locations in the physical resource blocks in the n OFDM symbols of the control region where n can be 1, 2, or 3. The mini-CEs are assigned within an OFDM symbol to maximize frequency diversity.  
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Figure 3 – Mapping of CCEs to virtual mini-CEs after interleaving and then finally mapping to mini-CEs in the first n OFDM symbols of a physical resource block (PRB).
3. Conclusions

It was shown that by using: 
(1) a set of 3 control channel configurations,  
(2) defining mini-control channel elements (mini-CEs) with 4 REs for control and 
(3) using puncturing or alternate reference symbol formats 
that the mini-control channel element positions are invariant to the number of eNB transmit antennas and invariant to the size of the L1/L2 control region n where n is 1, 2, or 3 OFDM symbols which are signaled dynamically via a 2-bit ‘Cat0’ field.  L1/L2 Control channels supporting scheduling grants are formed by aggregating control channel elements.  Control channel elements (CCEs) are in turn formed by aggregating mini-CEs where the selected mini-CEs used for aggregation to form a CCE do change with n or #antennas but the positions of the actual mini-CE themselves do not change and are invariant to #antennas and n. 
An improvement to the discussed invariant control channel structure would be to allow a fourth control channel configuration with n=2 and for 2 transmit antennas that allows use of RS positions of antennas 3 and 4 for control channel REs as shown in Figure 4 in ANNEX A in order to suppport high spectral efficiency.  However, this would mean that mini-CEs in ofdm symbol 2 would no longer be invariant to the number of eNB antennas. That is, for two antennas the mini-CE size would be 4 REs (all control) and for 3 or 4 antennas the mini-CE size would be 6 REs (4 control and 2 RS).  Such a relaxation may be worth the improvement in spectral efficiency for the n=2 case.
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ANNEX A

10MHz example of desired 4th Control Channel Configuration for n=2
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Figure 4 - Fourth CCH configuration design for 10 MHz carrier using mini-CE for CCE size 48 REs.

ANNEX B
Possible Downlink Reference Symbol Hopping/Shift Patterns wrt mini-CE (6 REs)
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Figure 5 – Possible RS Hopping/Shift Patterns as seen by mini-CE in ofdm symbol 0 
ANNEX C
1.25, 2.5, and 20 MHz Control Channel Configurations for n=1,2,3
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Figure 6 – 2.5MHz LTE Carrier L1/L2 Control Channel mapping. CCE size is 32 REs.
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Figure 7 – 1.25 MHz LTE Carrier L1/L2 Control Channel mapping.  CCE size is 36 REs.
Note that for 1.25 MHz LTE carrier it is not possible to support  n=1 with 2 TX antennas given CCE of size 36 RE.  A smaller CCE size risks coverage problems given there is not a lot of other CCEs to borrow power from.  However, for 1.25 MHz LTE carrier there is significant benefit from having more power per RE compared to 5 and 10 MHz carriers such that challenging C/N situations can be more easily mitigated.
Table 2 – Number of downlink and uplink UEs schedulable per subframe for 1.25 and 2.5 MHz

	Size of CCH
	1.25MHz
	2.5MHz

	Region (#ofdm)
	Ant 1,2
	Ant 1,2,3,4
	Ant1,2
	Ant1,2,3,4

	n=1
	NA
	
	2DL/UL
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	2DL/UL
	
	4DL/UL

	n=3
	
	4DL/UL
	
	8DL/UL
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Figure 8 - 20 MHz LTE Carrier L1/L2 Control Channel mapping.  CCE size is 60 REs.
ANNEX D
1.25 MHz Example of Physical Mapping of Mini-CE

Mapping of each mini-CE type for n=3 case for 1.25 MHz LTE carrier is shown below in Figure 8
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Figure 9 – Physical Mapping of mini-CE for 1.25 MHz LTE carrier mode




























































































































































































































































