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1. Overall Description:

RAN1 would like to thank RAN2 for their LS “LS on intra-eNB energy saving solutions”, R2-104214.
In the LS, the following candidate solutions were identified for intra-eNB energy saving:

a) Decreasing the eNB bandwidth

b) Decreasing the number of eNB transmit antenna ports

c) Configuring a number of MBSFN subframes according to the current specification limitation, i.e. up to 5 for TDD and 6 for FDD
RAN1 has discussed the presented candidates and would like to give the following answers:

1) Does RAN1 see a significant eNB power saving benefit with the above solution a), b) and c)?

Answer:  Potential power savings will be highly dependent on how fast any of the mentioned features can be activated and deactivated, with greater benefit being available the faster the configuration can be changed up to the speed that resources are allocated by the system. 
a) Decreasing the bandwidth 

Typical state-of-the-art BS PA implementation in a BS uses only one PA per antenna that still needs to be turned on just as often for a low bandwidth configuration as for a high bandwidth configuration. A minor reduction in the transmitted RF power can however be achieved, as fewer resource elements would be used for reference symbols with reduced bandwidth. Power saving gains with future BS PA implementations might in theory be larger than those observed with typical PA’s solutions today. It can be noted in the case of antenna virtualization, reducing the bandwidth and changing the virtualization function can make it possible to switch off some PAs which results in  some energy savings. RAN1 would also like to note that decreasing the bandwidth may influence the cell coverage due to reduced frequency diversity gain.

b) Decreasing the number of eNB transmit antenna ports

Since typically each antenna needs it’s own PA, and the PA is the single most power consuming part of a BS the benefit of reducing the number of antennas is significant, although in some cases part of the saving will be offset by an increase of power on the transmitting antenna ports to avoid coverage reduction, depending on the eNB implementation. It is in principle possible to do short-term antenna muting at the eNB side already in Rel-8 without informing the UEs, which can result in noticeable downlink performance degradation. RAN1 would like to note that decreasing the number of eNB transmit antenna ports may decrease the cell coverage, depending on the eNB implementation.
c) Configuring a number of MBSFN subframes according to the current specification limitation. Possibly increase the number of MBSFN subframes, i.e. more than 5 for TDD and 6 for FDD.
To utilize the currently possible MBFSN subframes is an efficient way for energy efficient network operation in LTE and has potential to give energy savings in the order of 30-50% in typical traffic scenarios compared to operation without MBSFN subframes. RAN1 would like to note that this option does not affect the cell coverage if MBSFN subframes are configured according to the Rel-8/9 specification limitation.
2) Does RAN1 see any RAN1 specification impact if the eNB would like to change these aspects while continuing to serve the UEs connected to this eNB as well as the idle UEs camping?

Answer:  a) The bandwidth is explicitly signalled on the BCH so this should be possible without any further RAN1 impact. However, although there is no RAN1 impact, this kind of dynamic and frequent change is somewhat outside the original intention and it could be useful to check with RAN5 and RAN4 whether there are proper test cases in place to assure this functionality. 

b) Changing the number of antenna ports (for cell specific RS) may require that a new cell is created for legacy terminals. The number of antenna ports (NTXA) is used to mask the CRC for the PBCH. If the UE blind decodes the NTXA with the new PBCH decoding then there is no impact to changing the NTXA. If the UE uses the old NTXA value for the new PBCH decoding then some PBCH and PDCCH/PDSCH decoding (which uses the NTXA value for Tx Diversity) will be incorrect. For RAN1, it is not obvious whether NTXA is system information or not. If RAN2 considers the NTXA as a type of system information (though not in a SIB) then the UE will perform blind decoding when changed. Note that this clarification of RAN2 definitions does not change existing Rel-8 UEs behavior, and therefore changing NTXA would represent some backward compatibility risk for Rel-8 UEs.
Dynamically switching off of some antennas and corresponding antenna ports on the eNB side would be similar to the case where an antenna would have faded out, which can result in downlink performance degradation. Any UE needs to be able to handle fading dips from different antennas. However, the impact on different terminal types of long-term fading dips will vary depending on implementation. 
c) The system is already designed for reconfiguring the number MBSFN subframes and there is no further impact on RAN1 specifications.
3) Will increasing the number of MBSFN subframes beyond 5/6 lead to problems for Rel8/9 UE's? I.e. for FDD could subframe 4 be added, and for TDD could subframes 1 and 6 be added?

Answer:  To increase the number of MBSFN subframes for FDD would be backwards incompatible as it negatively affects the UE measurement accuracy for legacy terminals, and would lead to that a Rel-10 terminal could in each measurement snapshot not capture as many RS as with current number of MBSFN subframes. RAN4 has the expertise to provide more details on these aspects. No impacts on the RAN1 measurement definitions are foreseen. It is also noted that for Rel-10 UEs it is already decided that the PDSCH may be transmitted in MBSFN subframes. 
For TDD, it is possible to configure subframes 1 and 6 (where applicable) in such a way that the DwPTS is configured to the minimum length (3 OFDM symbols), thus resulting in a subframe similar to an MBSFN subframe. Not scheduling any PDSCH in the remaining OFDM symbols in subframe 1 and 6 serves the purpose of eNB energy saving, without RAN1 specification impact. It is noted that PSS is transmitted in the third OFDM symbol in subframe 1 and 6.

4) Is there a significant power benefit by going to more than 5 (TDD)/6 (FDD) MBSFN subframes?
Answer:  Based on simplified calculations, the realizable additional energy savings would be proportional to the additional number of MBSFN subframes. As for FDD this would be a non-backward compatible change, given RAN4’s feedback, it might not justify breaking the backward compatibility. For TDD, subframe 1 and 6 (where applicable) with the minimum DwPTS duration are similar to MBSFN subframes for eNB energy saving purpose, without the need to increase the number of MBSFN subframes beyond 5.
2. Actions:
To RAN2:

RAN1 kindly asks RAN2 to consider the above information further investigations of network energy efficiency.
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