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      Comments to TR on BTS Energy Saving  
1. Introduction 
This contribution contains some proposals for modification of the TR on BTS Energy Saving [1] updated after discussion during 3GPP GERAN Telco#1 on BTS Energy Savings [2]. It also suggests to define the deployment scenarios in more detail and discusses some issues raised in [3].  
2. CoMPATIBILITY Objectives
Compatibility objectives have been updated after 3GPP GERAN Telco#1 on BTS Energy Savings [2]. The first three are commented here.
2.1 Voice quality 
The compatibility objective in subclause 5.2.1 targets to avoid any impact to voice user call quality. This is currently stated in a generic way as follows: 

“The introduction of a candidate solution should minimise degradation of voice quality as perceived by the user. The exact method of evaluation is FFS.” 

We believe that there is the need to quantify the acceptable voice quality. Our proposal is to specify this in terms of average call FER and acceptable call blocking rate and maximum call drop rate. As for previous 3GPP GERAN studies [4], [5], an acceptable call blocking rate ≤ 2 % and an average call FER ≤ 2 % for FR voice codecs and ≤3 % for HR voice codecs, respectively, is proposed, to be ensured for at least 95 % satisfied users. Hence the objective should be modified as given below: 
“The introduction of a candidate solution should minimise degradation of voice quality as perceived by the user, specified by a call blocking rate ≤ 2 % and an average call FER ≤ 2 % for FR voice codecs and ≤ 3 % for HR voice codecs, respectively, to be ensured for at least 95 % satisfied users. The call drop rate should not increase compared to the reference configuration.”
2.2  Data user session quality 

The compatibility objective in subclause 5.2.2 targets to avoid any impact to data user session quality. This is currently stated in a generic way as follows: 

 “The introduction of a candidate solution should minimise degradation of active data sessions for the user. The exact method of evaluation is FFS.” 

We believe that there is also here the need to quantify the acceptable data user session quality. Our proposal is to specify this in terms of session blocking rate and acceptable throughput loss versus the reference configuration. The same acceptable session blocking rate ≤ 2 % as for voice and a median throughput loss ≤ 10 % related to the reference configuration employing no energy saving mechanism is proposed. The latter figure is well in alignment with gains from data enhancement features investigated in [4] and [6], which yield throughput gains in the comparable order. Hence the objective should be modified as given below: 

“The introduction of a candidate solution should minimise degradation of active data sessions for the user, specified by a session blocking rate ≤ 2 % and a median throughput loss of ≤ 10% compared to the defined reference configuration.” 
2.2 Cell reselection and handover impact 

The compatibility objective in subclause 5.2.3 targets to avoid any impact to data user session quality. This is currently stated in a generic way as follows: 

 “Impact to cell reselection and handover duration should be minimised with any candidate solution.” 

We believe that there is also here the need to quantify the size of impact on cell reselection to idle MS / connected MS and handover to connected MS. The impact on idle MS is rather covered by definition of acceptable call blocking rate and session blocking rate, respectively. The impact on handover for a voice call and on cell reselection for an ongoing data session should be quantified, i.e. in terms of handover failure rate and cell reselection failure rate. We propose that handover failure rate should not be allowed to increase compared to reference configuration and cell reselection failure rate should not increase more than 1% compared to reference configuration. Hence the objective should be modified as given below: 

“Impact to cell reselection and handover duration should be minimised with any candidate solution. The handover failure rate for voice calls should not increase, whilst the cell reselection failure rate for ongoing data sessions is allowed to increase by 1%, both evaluated against the reference configuration.” 

3. CoMMON ASSUMPTIONs
Some proposals for modification of common assumptions for the study of solutions for BTS Energy saving are depicted in this section.
3.1 Network Parameters

Further detailing of deployment scenarios listed in section 4.1 of the TR [1] is of importance to progress evaluations on identified candidate solutions. 

In addition to network parameters proposed in [3], following settings are proposed as depicted in Table 1 below.
	Network Parameters
	Value
	Comment

	BCCH frequency reuse 


	4/12 
	BCCH frequency reuse applied also in WIDER [4] and MUROS [5] feasibility studies.

	TCH reuse 


	1/3  
for site configuration 2/2/2 and 

1/1 
for site configuration

4/4/4 and 8/8/8
	TCH frequency reuse figures depend on the site configuration under investigation. Site configurations are according to [1]. 

	Cell size 
	2000 m

500 m
	Coverage layer (900 MHz) as investigated in [7], Annex Z.B.2.3 for MCBTS
Capacity layer (1800 MHz) as investigated in [4][5]

	Frequency Allocation
Site configuration 2/2/2

Site configuration 4/4/4

Site configuration 8/8/8
	15 frequencies (12 + 3)

21 frequencies (12 + 9)

33 frequencies (12 + 21)
	BCCH frequencies and TCH frequencies separated by 1 guard frequency (0.2 MHz)

	Bandwidth of BCCH layer
	2.4 MHz
	

	Bandwidth of TCH layer
Site configuration 2/2/2

Site configuration 4/4/4

Site configuration 8/8/8
	1.0 MHz
1.8 MHz
4.2 MHz
	TCH on alternating frequencies
TCH on adjacent frequencies 
TCH on adjacent frequencies 

	Service mix

Scenario 1

Scenario 2
	100 % voice

70 % voice, 30 % data
	


Table 1: Network parameters for site configurations defined in [1].

3.2 Modelling of MS measurement characteristics 
The need for clarification of MS related procedures has been raised in [3] in order to create a simplistic model for measurement sampling, averaging and cell reselection procedures and handover preparation in the MS. These items are subject for discussion with MS manufacturers and feedback is welcomed to derive such a model. Behaviour of legacy MS in field and new MS has to be distinguished. 
3.2.1 BCCH carrier power measurement sampling
In idle mode, information was provided in the telco #1 [2], that the measurement window of the MS for monitoring signal strength of serving cell and neighbour cells is enlarged compared to connected mode, but it is sufficiently different from selecting a time slot on random basis between 0 and 7. 

We assume, that the measurements in idle mode are not taken in a regular manner, since the MS will enter DRX periods and only measure during active periods between two DRX periods. One way to assess this is to define a specific figure for the paging cycle (e.g. 4 BCCH multiframes, 0,94 sec), which is in the middle of the defined range for the parameter BS_PA_MFRMS specifying the paging multiframe number, defined in TS 45.002. This allows the MS to enter a 0,8 sec DRX mode and then perform paging reception and serving cell / neighbour cell measurements within a 0.14 sec measurement interval. If a regular measurement pattern is assumed in the non-DRX period, then still the number of BCCH power measurements per TDMA frame needs to be fixed or in other words how many measurements are taken for serving cell / neighbour cell per non-DRX period.

In idle mode, based on TS 45.008 subclause 6.6.1, averaging over 5 samples taken over a period of 5 sec may be assumed. Hence with the above assumptions a sequence of measurement intervals with length = 5 * 0,14 sec is available in 5 sec, i.e. about 150 TDMA frames. For the exemplary case of a neighbour cell list with length = 20, roughly 150 / (1+20) ≈ 7 measurements can be done for the serving cell and 20 neighbour cells per each sequence of measurement intervals in 5 sec, provided that 1 measurement is taken per TDMA frame. Hence there is not the need to take one measurement by the MS in each TDMA frame during the non-DRX period. On the other hand the MS may be capable to perform several measurements in one TDMA frame and hence compress the measurement intervals significantly. More information about measurement patterns in idle mode is thus welcomed by MS manufacturers to generate a simplistic model.
In connected mode it is assumed that the mobile performs 1 neighbour cell BCCH power measurement per TDMA frame. This would be rather on the same time slot (e.g. on time slot preceding DL receive timeslot). Note this assumption may be valid for a multislot supporting mobile, that has a bidirectional data transfer ongoing, such as class 12 (4+1) and higher. For a MS handling voice service, it is expected that several neighbour cell BCCH’s can be measured per TDMA frame (theoretical range 2…5) since there are 5 slots for monitoring, 2 slots for TX/RX and 1 slot for preparing TX including possible timing advance per TDMA frame. Feedback from MS manufacturers is needed to develop also a simplistic measurement patterns for a connected MS with voice service or a multislot data service respectively.
3.2.2 BCCH carrier power measurement accuracy

Assumptions on the measurement accuracy of the MS in regard to power sampling should be fixed, i.e. by identifying a measurement tolerance. The minimum requirements in subclause 8.1.2 of TS 45.008 related to measurement accuracy in idle and connected mode are stated below: 

The R.M.S received signal level at the receiver input shall be measured by the MS and the BSS over the full range of ‑110 dBm to ‑48 dBm with an absolute accuracy of ±4 dB from ‑110 dBm to ‑70 dBm under normal conditions and ±6 dB over the full range under both normal and extreme conditions.

Feedback from MS manufacturers is needed whether MS with improved tolerances  (e.g. ±1 dB, ±2 dB, etc.) are available or the above figures should be used.  
3.2.3  BCCH carrier power measurement averaging 
The averaging process of measurements in idle and connected mode should be described via a simplistic model. 

For instance in idle mode, TS 45.008 prescribes to average over 5 samples taken over a period of 5 seconds or even in a shorter period. Thus, if the requirement stated in the specification is assumed to be just fulfilled for the MS, averaging in idle mode is based on 5 samples taken for serving and indicated neighbour cells in 5 second.

In the connected mode, TS 45.008, subclause 7.2, specifies that comparison of averaged power measurements for neighbour cells shall be based on the time period of 2 SACCH block periods, in order to derive the need for BSIC detection. This means that 200 TDMA frames are available if 8 search frames are used for BSIC decoding and other measurement tasks. With the assumption that 1 neighbour cell BCCH can be measured per TDMA frame, which might apply for legacy MS with voice calls or multislot MS as depicted in 3.2.1, and that the complete BA list is processed, the averaging window then solely is dependent on the length of the neighbour cell list (length = int (200 / LENGTH_NCL)). 
3.2.4  BSIC Decoding

The identification of suitable cells, i.e. the serving cell in case of idle mode and neighbour cells in case of connected mode, is subject to sussessful BSIC decoding, once the neighbour cell has sufficient high power level. For instance TS 45.008, subclause 6.6.1 describes the BSIC decoding requirement for idle mode: 

The MS shall attempt to check the BSIC for each of the 6 strongest non‑serving cell BCCH carriers at least every 30 seconds, to confirm that it is monitoring the same cell.
Further subclause 7.2 specifies the BSIC decoding requirement in dedicated mode: 

If, after averaging measurement results over 2 SACCH block periods, the MS detects one or more BCCH carriers, among the 6 strongest, whose BSICs are not currently being assessed, then the MS shall as a matter of priority attempt to decode their BSICs.
Modelling of the BSIC decoding process in idle and in connected mode should be included in this context. A minimum radio channel quality for successful BSIC decoding may be sufficient to be defined, leaving the modelling detail for this aspect open.  

3.2.5  Power reduction on TS preceeding BCCH timeslot

The issue of potential power reduction on TS 7 preceding the BCCH TS, being addressed at GERAN#48 during the discussion of the power reduction proposal for BCCH carrier [9] needs to be further discussed. Input in regard to the feasibility of a power reduction on this TS is requested from MS manufacturers.
3.2.4 Mobile velocity 
Assumptions on the mobile velocity should be fixed. It is proposed to consider the range of 3km/h … 50 km/h applying either two distinct velocities, i.e. 3 km/h and 50 km/h, or a suitable mix of mobile velocities. Operators are encouraged to provide their opinion.
3.3 Modelling of BTS characteristics 
Some open issues on the BTS characteristics should also be discussed and agreed. 
3.3.1 Network synchronisation

The issue of network synchronisation should be addressed. Are synchronised / non-synchronized networks of primary interest or both ? 
3.3.2 Modelling of TRX power consumption
Regarding the issue raised in [3] to include a TX power profile, it is the view of the sourcing company that there is no need to define such relationship between saving in radiated power and saving in TRX power consumption. Since the performance objective in [1] states: 

“The energy efficiency shall be measured in terms of relative energy savings in % versus a reference configuration, where the reference configuration does not apply any energy saving mechanism …”,

a relative evaluation based on TRX power consumption is needed. For comparison purposes it is proposed that for each candidate solution a second figure on the relative saving in radiated power be added, both being evaluated against the reference configuration. Thus any non-linear dependency between both relative measures can be addressed sufficiently well by this proceeding.
4. COnclUsioN
Agreement on the common assumptions is needed to enable further evaluations with adjusted parameter settings. The sourcing company would welcome agreement of the proposed changes in regard to compatibility objectives, network parameters and BTS characteristics to be reflected in the TR on BTS Energy savings as well as feedback from mobile manufacturers on modelling of MS measurement characteristics. 
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