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1.
Introduction

Due to climate change, the reduction of carbon dioxide emissions and hence energy saving has become an important aspect. In wireless communication a lot of attention has been paid for UE energy consumption but less effort has been made when considering power efficiency of network elements. 

In RAN plenary meeting #46 a new work item for network energy saving was proposed to be opened [1]. Approval of the work item was postponed to plenary meeting #47 but it was agreed that the issue of energy saving can be discussed and further studied in RAN1 under LTE-Advanced agenda item. One item, which we see important in these further studies, is that while reducing network energy savings we will not increase UE power consumption. Increased UE battery consumption would not only make the effort from the total energy saving perspective useless but it would also have significant negative implications on end user experience when being connected to LTE network and thus, reduce the attractiveness of LTE. 
In order to ensure balanced approach for network energy savings we see that it is important to discuss and agree assumptions for the study and identify all the necessary metrics for the studies.
2.
Discussion
Objectives of the proposed work item in [1] were as follows:

The objective of the proposed work item is to introduce support for enhanced network transmission reduction in LTE by introducing

· the necessary modifications to the RAN1 and RAN2 specifications, e.g. the possibility for UE measurements on the secondary synchronization signal

· Significant impact on the UE power consumption from the introduction of enhanced network transmission reduction functionality should be avoided.

· RAN1 should consider different proposed solutions and make a recommendation until RAN#47.

· RAN4 should endorse the solution recommended by RAN1 after RAN#47.

· the necessary modifications to the RAN4 specifications, e.g. the RRM core and performance UE requirements.

A proposal called “extended cell DTX” was introduced in [2] to facilitate energy saving in eNode B by allowing switching off power amplifier when there are no users in the cell. While this method could provide some energy saving in network there are a few concerns raised of the potential effects to performance of UE measurements [3], [4]. Also some doubts on achievable energy saving compared to methods already existing in the specifications are discussed in [4] and [5]. 
Several already existing methods providing significant energy savings and backwards compatibility have been presented in [5], [6], [7], [8] and [9]. These include:
· switching off eNode B transmit antennas

· switching off entire eNode Bs or some of the unused bands

· system bandwidth reconfiguration

· frame blanking using MBSFN subframes

· other implementation related ways, e.g. energy efficient RF and baseband solutions.

In [7] and [10] it is proposed that energy saving should be possible also in case there are short inactivity periods between data bursts and not only when there are no users in the cell. This would mean that UEs in the cell would be in connected mode instead of idle. UE impact in this case would be much higher than in idle mode case. Hence discussion of the scope of the study is needed.
It is evident that behaviour of legacy UEs in case cell DTX is applied would be quite random depending on e.g. whether CRSs would be available or not during the period where measurements are done. Hence backward compatibility of the cell DTX scheme does not seem to be too good.
2.1. 

UE and end user impacts of extended cell DTX
As objectives of the proposed work item state when network energy saving is being sought there should not be significant increase in UE energy consumption. However when DTX is used there is a danger that e.g. idle state mobility measurement take much longer to reach the desired accuracy. Hence UEs possibility for DRX is reduced or performance is degraded.
Functionalities relying on continuous CRS, or continuous signal in general, such as AGC, AFC and time tracking would have difficulties if continuous pilot is not available. 
There are some procedures where there could potentially be problems and hence there is a need to study these carefully. Some examples of such cases are:
· Initial synchronization/PLMN selection
· PSS search

· The occurrence of PSS and SSS is not affected, but since there is a limited number of CRS, then there are less signals available for the UE to use for gain setting (AGC). This will extend the PSS search period which heavily affects the time used for PLMN selection. A longer PLMN selection period will lead to a degraded user experience when the user powers on the UE.
· PBCH detection

· If CRS is transmitted only in the subframe where PBCH occurs, the UE cannot rely on CRS from earlier subframes for channel estimation. This affects the PBCH decoding performance negatively and will increase the time needed for acquiring the system information broadcast on PBCH.

· Paging reception

· In every paging occurrence, the UE has to detect and decode PDCCH in order to acquire information on the location of paging information (PCH) if that is present. If CRS is transmitted only in the subframes where PDCCH occurs, then the UE cannot rely on CRS from earlier subframes for channel estimation and other procedures. This affects the PDCCH decoding performance as depicted in Figure 1. For PDCCH BLER = 1% the loss is 1.5-2dB.
· The PCH detection and decoding performance degrades comparably to the abovementioned degradation in the PDCCH detection and decoding.
· A common technique to increase the UE standby time is to let the UE enter sleep mode in the DRX period. During the sleep period the UE does not maintain time synchronization with eNB. It means that when the UE wakes up it has to re-acquire the time synchronization. This is typically done using CRS, i.e. the UE wakes up a number of subframes in advance of the Paging Occurrence. If the eNB applies DTX, then the time the UE has to wake up before the PO will need to be extended due to the gated CRS transmission. The increased active period leads to shorter UE standby time and hence a worse user experience. This could somehow be circumvented by use of SSS, but it only occurrs every 5ms. For large BW, there are many RS REs per CRS symbol, so it is an advantage to use CRS compared to SSS which covers only 2x31 REs per symbol, independent of the applied BW.
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Figure 1. PDCCH and CFI combined BLER for EPA5 and ETU70 for test case 8.4.1.2.1, test 1
(R.16 FDD test channel, 1.4 MHz BW, 2 Tx, 2 symbols for CFI). The dashed lines are for the case where CRS is present in all subframes and the solid lines where CRS is only present in the subframe carrying PDCCH.
· Neighbor cell search and measurements

· Neighbor cell search: The first step, PSS search, will suffer from the lack of useful signals for gain setting. It means that the time for PSS search will be extended, which means that the UE has to extend its active period and hence it will reduce the stand-by time in idle mode.
· The UE performs the RSRP measurements for the set of neighbor cells it is synchronized to. Since the occurrence of CRS symbols is scarce and the network can be unsynchronized, then the UE has to extend the measurement window in order to achieve adequate RSRP and RSRQ measurements. In idle mode this means prolonged active time and hence shorter UE standby time. In connected mode with inter-frequency neighbors in eNB DTX mode, this will mean that the UE is not certain to hear CRS symbols in the 6 subframe measurement gap, which can lead to failed handover and eventually call-drops.
· It has been proposed to use SSS for neighbor cell RSRP measurements. One issue with this approach is that the antenna mapping for SSS is not defined uniquely [36.211] and hence the RSRP definition in [36.214] does not apply.

If UE has knowledge of discontinuous pilot then it might be possible to overcome some of the problems with some performance loss and energy consumption increase but it must be kept in mind that most of them could not be solved for the legacy UE. Also if the assumption is that DTX can be used also if UEs are in connected state, then problems would be more severe.
In order to have good understanding on network energy saving potentials of different solutions and corresponding tradeoffs like reduced UE performance, increased UE power consumption and UE complexity it would be important to agree common assumptions and evaluation metrics for the RAN1 network energy saving studies. For instance assumptions whether the proposed network energy saving solutions are only applicable when all UEs within the given tracking are in idle mode or whether e.g. eNB DTX is also assumed when some UEs are in active mode and if so, how dynamically eNB DTX may occur. 
3
Conclusions
Based on discussion presented in this contribution we conclude that energy saving gains and UE impacts of extended cell DTX need to be carefully evaluated. As part of the evaluations, it is important to ensure that network energy savings are not exchanged to increased UE power consumption. From the total energy savings perspective increased UE battery consumption would waste the energy savings obtained from the network energy savings. In order to ensure balanced approach on the area of network energy saving work we see that it is important to thoroughly discuss and evaluate potential network energy saving solutions and related implications. For the successful study common study assumptions and evaluation metrics would need to be agreed. In order to continue the work in a systematic manner we see that it would be beneficial to initiate a study item on the LTE network energy saving area in a similar manner as for UTRA energy savings in [11].
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