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1. Summary

In Kobe, several decisions were made that will ease the resource element settings for data, control, and RS.

· Power setting on the RE for control channel signaling is up to the eNB
· No mix of control signaling and DL-SCH in an OFDM symbol
· For 1 or 2 Tx antennas, assume there are two RS present, map control to the rest of REs, leave second RS empty (power can be used) in case of 1 Tx
· For 4 Tx antennas, assume there are 4 RS present, map control to remaining REs
This contribution updates suggestions for definitions, rules, and proposed operation for resource element energy settings for data, control and RS. 

Proposal

· All DL RS RE have the same EPRE

· Any unused RE used to increase DL RS are not dynamically signaled
· Control channel elements (CCEs) are not punctured (always same size) to provide additional energy for DL RS. 

Additional Proposal 1

· The UE can assume that the EPRE for a L1/L2 control channel RE’s are the same

Additional Proposal 2
· For 1 tx antenna, assume there are two RS present and don’t leave second RS empty (send additional 1st antenna RS)

· For 1 and 2 antennas, assume that there are four RS present and send additional 1st (or first and second) RS in the antenna 3 and 4 positions
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.
 (proposal)
Rule 2. All data RE’s for a user’s assignment have the same EPRE. (agreed)
The following is a suggested operation (not required since QPSK), detailed in a later section.

“Rule” 3. The UE can assume that all RE’s assigned to the same L1/L2 control channel (PDCCH) 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. 

· Specific RE’s within the same OFDM symbol as the RS are left unused to increase the corresponding EPRE of DL RS EPRE. Already agreed for 1 antenna operation to leave the RS for the 2nd antenna positions unused. This aids in having fewer options for control channel through an invariant structure, and the extra RS energy helps channel estimation. 
Alternative Proposal 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, unused REs per Option 2.
With the alternative proposal, for 1 or 2 antenna deployment extra RS in the 2nd OFDM may be added. This provides even fewer options for control channel through an invariant structure, and the extra RS energy helps channel estimation even more. See R1-072696 and R1-072698 for more details.
The unused RE (or additional RS) are not dynamically signaled.
 Signaling is similar for either option.

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 a 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). 
5. Suggested Operation for L1/L2 control channel EPRE
The average energy level of a L1/L2 control channel may be different for different user’s control channels. The EPRE of the RE in the L1/L2 control channel may also vary between RE. However, it may be desired to, whenever possible, have the EPRE of the control channel RE the same or similar in order to reduce the average number of blind detections.
Proposal: The UE can assume that the EPRE for a L1/L2 control channel RE’s are the same.

Any energy for DL RS taken from other CCE RE’s with non-zero energy is taken from all CCE RE’s evenly.

The average number of blind detections may be reduced by using the fact that two CCEs with significantly different received energy levels are unlikely to belong to the same control channel. CCE energy level can therefore be used to eliminate certain CCH candidates from consideration. For example with 4 CCEs, if CCE0 and CCE2 have significantly different received energy, it can be concluded that control channels of size 3 and 4 are not viable, and only the two control channels of size 2 need be checked in addition to the size 1 control channels. This reduces the average number of blind decoding attempts. It can also be used with CQI (instantaneous or average) to minimize the maximum (or average) number of blind detections where a UE only (or first) looks at CCH candidates of size 1,2,3 CCEs if its reported CQI is above a threshold and 3,4,8 CCEs if it is below a threshold. 




























































































































































































































































� 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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