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1. Summary

This contribution outlines some definitions, rules, and proposed operation for resource element energy settings for data, control and RS. 

2. Definition

The energy per resource element (EPRE) is the transmitted energy of a resource element, not including the energy in the cyclic prefix.

The EPRE is the expected energy of the RE, where the expectation is over the possible modulation states.

3. Rules

Rule 1. All DL RS RE have the same EPRE.

Rule 2. All RE’s assigned to the same L1/L2 control channel (PDCCH) have the same EPRE.

Rule 3. All data RE’s for a user’s assignment have the same EPRE. 

4. Proposed Operation

As long as the rules are met, at the eNodeB’s discretion energy may be shared between PDCCH, or shared between RB’s of different user assignments. In addition, control channel elements (CCEs) or RBs may be left unused to increase available energy for other PDCCH or user assignments, and possibly DL RS as well. 
In order to make it easier to meet the rules for DL RS, an additional mechanism for increasing DL RS energy
 is defined that is local to the OFDM symbols containing the DL RS.
Option 1. For 1 and 2 antenna deployments, add additional DL RS’s.
 Per Rule 1, all DL RS have the same EPRE. For 4 antenna deployments, if additional energy is desired, puncture per Option 2.
Option 2. Puncture. Specific RE’s within the same OFDM symbol as the RS are left unused to increase the corresponding EPRE of DL RS EPRE. 
For either option, for the 1 antenna deployment the extra RS or punctured positions should occur in the RS locations that antenna 2 would occupy. This helps create an invariant control channel structure 
(R1-072169), and (for Option 1) allows the use of similar channel estimation algorithms (e.g., IFFT based). For 1 or 2 antenna deployments, Option 1 can improve channel estimation by sending RS in the positions defined for antenna 3 and 4 in the second OFDM symbol.
The puncturing (or additional RS) are not dynamically signaled.
 Signaling is similar for either option.

5. Additional Considerations

To help satisfy the rules:
No data is present in the last OFDM symbol of the L1/L2 control channel. All n=2 or n=3 OFDM symbols are used for control. 
For Data EPRE, because of the presence of higher order modulations (64QAM), the difference in data EPRE from the RS EPRE (pilot-to-data ratio) may need to be sent on the L1/L2 control channel (it is FFS if the process can be executed blindly). The number of signaling bits used should be minimized (i.e. coarse, exact number of bits is FFS). 





























































































































































































































































� Benefits include less signalling, better measurement accuracy, LLR extraction, intra and inter subframe CE, etc. (R1-072171)


� It may be desired to increase the DL RS energy to aid channel estimation at e.g., low SNR (improve coverage), or to maintain SINR if the DL RS are hopped. The motivation for this Option 1 over Option 2 is very similar to why RS in OFDM symbol 4 are staggered (offset) from OFDM symbol 0.


� Benefits include less variation for CQI or mobility measurements and intercell interference, in addition to benefits in CE performance for certain channels. The mobility measurements may be improved as the known RS for measurements are much more likely to have less (or no) additional energy. As with boosting, the UE is not required to obtain information on whether there are additional RS.


� It should vary infrequently (if at all), perhaps tied to the # transmit antennas or base deployment scenario.
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