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1. Overall Description:

RAN1 would like to thank RAN2 for their LS in R2-104214 titled “LS on intra-eNB energy saving solutions”. 

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 would like to give the following answers to the questions raised in R2-104214:

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

Answer:  The realizable energy savings depend on the Tx RF architecture employed by the eNB.  A typical eNB Tx chain may be optimized for a certain power range and may operate inefficiently in another power range.  Of course, improved designs may circumvent this problem; RAN4 has the expertise to answer the question more accurately. 

In an idealized case, where the eNB energy consumption is proportional to the transmitted power, and the eNB effectively only transmits CRS/PSS/SSS/PBCH, the maximum power savings can be approximated as

a) 92% energy reduction when reducing BW from 100RBs to 6RBs and no other changes  

b) 65% energy reduction when reducing number of antenna ports from 4 to 1 and no other changes 

c) 38% energy reduction when increasing the configured MBSFN subframes from 0 to 6, no other changes  

If all of a), b) and c) are applied at the same time then the energy savings is approximately 97%. 
For some supporting data of the calculation, see the Annex.   
In summary, the most energy savings can be gained by BW reduction. 
Question 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 main impact of reducing the BW is the interruption caused by the system information change, which is handled by the RAN2 specifications. There is no other significant physical layer impact.  

b) Reducing the number of antennas have the following physical layer impacts:

1. Because reducing the number of antennas reduces diversity, for PBCH or SIB transmissions, the total transmit power of those channels (if transmitted) would have to be actually increased to maintain coverage, which partially offsets energy savings. 

2. Changing the number of antenna ports is not a valid system information change, therefore some UE implementations may not be able to reacquire the system and will bar the current frequency upon changing the number of antenna ports. 

c) The main impact of increasing the number of configured MBSFN subframes is the interruption caused by system information change, which is handled by the RAN2 specifications. There is no other significant physical layer impact. 

Question 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:  There will be an impact on both demodulation and RRM performance for Rel8/9 UEs. If there are no idle or connected mode Rel8/9 UEs in the system then only the RRM impact is of interest. RAN4 has the expertise to quantify the extent of the demodulation or RRM impact. 
Question 4:
Is there a significant power benefit by going to more than 5 (TDD)/6 (FDD) MBSFN subframes?
Answer:  Based on calculations according to the Annex, the realizable additional energy savings would be approximately 46% - 38% = 8%. 
2. Actions:
To RAN2:

RAN1 kindly asks RAN2 to consider the above information in its further work.
3. Date of Next RAN WG1 Meetings:

RAN WG1 Meeting #62bis 
11 – 15 October, 2010, Xi’an, China
RAN WG1 Meeting #63

15 – 19 November, 2010, Jacksonville, USA
4. References:

None
Annex:

In an idealized case, where the eNB energy consumption is proportional to the transmitted power, and the eNB effectively only transmits CRS/PSS/SSS/PBCH, the power savings can be approximated as
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 is the number of antenna ports within the set {0, 1} in full power mode, for example, 
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 is the number of antenna ports within the set {0, 1} in minimum power mode, for example, 
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 is the number of antenna ports within the set {2, 3} in full power mode, for example, 
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 is the number of antenna ports within the set {2, 3} in minimum power mode, for example, 
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 is the number of non-MBSFN subframes per 10ms in full power mode, for example, 
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is the number of CRS REs per RB for either antenna port 0 or 1 in non-MBSFN subframes, 
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is the number of CRS REs per RB for either antenna port 0 or 1 in MBSFN subframes, 
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is the number of CRS REs per RB for either antenna port 2 or 3 in non-MBSFN subframes, 
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is the number of CRS REs per RB for either antenna port 2 or 3 in MBSFN subframes, 
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Note that not all calculations are precise, for example, varying power ratio between CRS, PSS, SSS, PBCH is not considered.  In general, it is assumed that the power of PSS, SSS, PBCH is not reduced when the number of antenna ports is reduced in order to maintain coverage. 
Note that the minimum power consumed by the eNB, i.e. power drawn even when the eNB is not transmitting any signal, was not included in the calculation.   
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