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1 Introduction
At RAN2#70bis meeting, some identified solutions for intra-eNB energy saving were discussed [1]. As a result, a LS [2] was sent to ask RAN1 to analyze the gain and specification impact of these candidate solutions, and to ask RAN1 and RAN4 on the backward compatibility of increasing the number of MBSFN subframes beyond 5/6. 

Currently response liaisons from both RAN1 and RAN4 have been received [3, 4], based on which this contribution tries to progress the issue of intra-eNB energy saving.

2 Evaluations and analyses for different solutions
According to the past RAN2 discussions and response liaisons from RAN1 and RAN4 [1-4], the candidate solutions for intra-eNB energy saving identified so far include:
- Decreasing the eNB bandwidth

- Decreasing the number of eNB transmit antenna ports
- Increasing the number of MBSFN subframes according to current specification limitation, i.e. up to 5 for TDD and 6 for FDD
- Increasing the number of MBSFN subframes beyond 5 for TDD or 6 for FDD

- For TDD, configuring DwPTS in subframes 1 and 6 (where applicable) to the minimum length (3 OFDM symbols)
In this section, we will summarize the evaluations and analyses made by RAN1/2/4 for the above solutions, and the proposed wayforward is given for each solution.
Solution 1) Decreasing the eNB bandwidth

a) Potential gain

According to the response from RAN1, it could be seen with typical state-of-the-art BS PA implementation, a minor eNB energy saving benefit could be achieved by this solution. Power saving gains with future BS PA implementation might in theory be larger than those observed with typical PA’s solutions today. Furthermore, 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.
b) Potential risk
It was pointed out by RAN1 that decreasing the bandwidth may influence the cell coverage due to reduced frequency diversity gain.

c) Possible impact on specification

From RAN1 and RAN2 perspective, this solution already can be supported without any further impact on specification. RAN1 also suggested that it could be useful to check with RAN5 and RAN4 whether there are proper test cases in place to assure this functionality.
According to the above evaluations and analyses, we have the following proposal:
Proposal 1: It is proposed to capture decreasing the eNB bandwidth in TR 36.927 as a solution to intra-eNB energy saving. Depending on RF implementation and coverage status, network can decide whether or not to use this solution for energy saving purpose and how much the bandwidth could be decreased.
Solution 2) Decreasing the number of eNB transmit antenna ports (NTXA)
a) Potential gain

The benefit of reducing the NTXA 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.
b) Potential risk
Decreasing the NTXA may reduce the cell coverage, depending on the eNB implementation.
When the network changing the NTXA, if the UE’s implementation assumes that the NTXA always keeps unchanged and does not blind decodes NTXA again when staying in the same cell, the UE will experience noticeable downlink performance degradation. For example, for a connected UE, updated MIB cannot be received and it is likely that PDCCH/PDSCH cannot be decoded as well. Change of NTXA would represent some backward compatibility risk for Rel-8 UEs, depending on the UE implementation.
c) Possible impact on specification

Based on previous RAN2 discussion [1], the possible impact on downlink performance could be avoided by eNB implementation or minor change to the specification.
Based on the above evaluations and analyses, we have the following proposal:
Proposal 2: It is proposed to capture decreasing the number of eNB transmit antenna ports in TR 36.927 as a solution to intra-eNB energy saving. RAN2 can continue the discussion on how to avoid/reduce possible downlink performance degradation.
Solution 3) Increasing the number of MBSFN subframes according to current specification limitation
a) Potential gain

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.
b) Potential risk
There is no impact on coverage and backward compatibility identified.
c) Possible impact on specification

This solution already can be supported without any further impact on specification.
Therefore, we have the following proposal:
Proposal 3: It is proposed to capture increasing the number of MBSFN subframes according to current specification limitation in TR 36.927 as a solution to intra-eNB energy saving.
Solution 4) Increasing the number of MBSFN subframes beyond 5 for TDD or 6 for FDD
a) Potential gain

Based on simplified calculations, the realizable additional energy savings would be proportional to the additional number of MBSFN subframes.
b) Potential risk
This solution would break the backward compatibility, since it negatively affects the measurement accuracy for the UEs. Firstly, UE will collect one or several measurement samples based on cell-specific reference signals within the measurement period to obtain the measurement results fulfilling the measurement accuracy requirement. The subframes used within measurement period to obtain measurement samples are UE implementation issue. Furthermore, typically the UE may use all the non-MBSFN subframes (i.e. 0,4,5,9 for FDD and 0,1,5,6 for TDD) and the RS within the MBSFN subframes for performing the neighbor cell measurements and in particular the inter-frequency measurements, which are carried out in the measurement gaps. If subframe 4 (FDD) or subframe 1/6 (TDD) are configured as MBSFN subframes, where only the first two OFDM symbols in a subframe can be used for transmission of cell-specific reference symbols, the UE measurement performance will be deteriorated.
c) Possible impact on specification

Some changes to specification are required if we would like to support this solution.
According to the above evaluations and analyses, we have the following proposal:
Proposal 4: Since the UE measurement performance degradation resulted from increasing the number of MBSFN subframes beyond 5/6 cannot be eliminated, it is proposed NOT to capture this solution in TR 36.927.
Solution 5) For TDD, configuring DwPTS in subframes 1 and 6 (where applicable) to the minimum length (3 OFDM symbols)
The special subframe consists of three parts, i.e. DwPTS, Guard Period and UpPTS. The length of each part is configurable. Subframe 1 and 6 are configured as the special subframes for downlink-to-uplink switch-point periodicity of 5ms, and subframe 1 is configured as the special subframe for downlink-to-uplink switch-point periodicity of 10ms.
a) Potential gain

It is possible to configure subframe 1 and 6 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, except the third OFDM symbol is used to transmit primary synchronization signal. Hence, the energy saving gains achieved by this solution is very similar to configuring subframe 1/6 as MBSFN subframes.
b) Potential risk
From coverage and backward compatibility aspects, there is no risk identified.
c) Possible impact on specification

This solution belongs to an implementation issue and no impact on specification is foreseen.

Hence, we have the following proposal:
Proposal 5: For TDD, it is proposed to capture configuring DwPTS in subframes 1 and 6 (where applicable) to the minimum length as a solution to intra-eNB energy saving.
3 Conclusion

This contribution gives a summary of evaluations and analyses of intra-eNB energy saving solutions, based on which some proposals are given as follows.
Proposal 1: It is proposed to capture decreasing the eNB bandwidth in TR 36.927 as a solution to intra-eNB energy saving. Depending on RF implementation and coverage status, network can decide whether or not to use this solution for energy saving purpose and how much the bandwidth could be decreased.
Proposal 2: It is proposed to capture decreasing the number of eNB transmit antenna ports in TR 36.927 as a solution to intra-eNB energy saving. RAN2 can continue the discussion on how to avoid/reduce possible downlink performance degradation.
Proposal 3: It is proposed to capture increasing the number of MBSFN subframes according to current specification limitation in TR 36.927 as a solution to intra-eNB energy saving.
Proposal 4: Since the UE measurement performance degradation resulted from increasing the number of MBSFN subframes beyond 5/6 cannot be eliminated, it is proposed NOT to capture this solution in TR 36.927.
Proposal 5: For TDD, it is proposed to capture configuring DwPTS in subframes 1 and 6 (where applicable) to the minimum length as a solution to intra-eNB energy saving.
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