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Corrections and modifications of PEO and EC-GSM-IoT cell (re)selection procedures
[bookmark: _Ref396137062]Introduction
At GERAN#68 and GERAN#69 3GPP TS 45.008 was updated to take into account new procedures for e.g. cell selection and reselection for PEO and EC-GSM-IoT devices. These updates mainly addressed the use case where a PEO or EC-GSM-IoT only device attempts to access a GSM/EDGE network.
It is however clear that neither EC-GSM-IoT nor PEO will have full coverage from the first day of live operation. During an initial phase (E)GPRS will need to serve as fallback solution for PEO and EC-GSM-IoT. It is also clear that devices supporting EC-GSM-IoT might also support PEO, and GPRS/EGPRS. PEO devices will also support GPRS/EGPRS. With that in mind it is clear that the cell (re)selection procedures in 3GPP TS 45.008 must be expanded to treat a general case of cell (re)selection between (E)GPRS, PEO and EC-GSM-IoT.
This contribution discusses and proposes a way forward to achieve the mentioned general cell (re)selection procedures. But first it discusses a set of needed corrections to the specified PEO behaviour.
This document is identical to the one presented at the 7th telco on EC-GSM-IoT.
Corrections for PEO
Idle mode PEO cell selection and reselection
For PEO it was in Rel-13 agreed to introduce a cell (re)selection offset (see C1_OFFSET in TS45.005 v13.1.0) in the C1 cell selection criterion:
C1 = (A ‑ Max(B,0))
where
	A									=	RLA_C ‑ RXLEV_ACCESS_MIN + C1_OFFSET
B									=	MS_TXPWR_MAX_CCH ‑ P
The C1 cell selection criterion is thereby modified and becomes a signal level measurement relative RXLEV_ACCESS_MIN + C1_OFFSET. This means that a PEO capable device may camp on a cell longer (in case C1_OFFSET is positive) than a non PEO MS would. As the offset is broadcasted on cell level and applies to all PEO capable devices regardless of its support for other features this may imply that a PEO and CS capable device camps on a cell that is suitable from a PEO perspective, but not from a CS point of view. 
It is further so that the C1 criterion contains a parameter MS_TXPWR_MAX_CCH that informs the MS about the maximum allowed signal power to be used. This is typically configured to the MS power level needed to access the network from a position at the cell edge. Since the above mentioned C1_OFFSET parameter adjusts the downlink cell edge for PEO devices from a device receive perspective, an offset would also be needed to be introduced for MS_TXPWR_MAX_CCH to ensure that the links are balanced.
However, instead of updating the specifications to deal with the above observations and e.g. introduce a PEO specific MS_TXPWR_MAX_CCH it is proposed to remove C1_OFFSET from the specifications. This will not impact the main purpose of PEO, and in the light of the above discussion the sourcing company believes that this can be seen as an essential correction to Release 13. As a result, a PEO MS would use the legacy definition of C1 and C2 when performing cell (re)selection.
If this proposal is agreeable it will be implemented in a PEO CR to 45.008 at GERAN#70.
Packet transfer mode PEO cell selection and reselection
[bookmark: _Toc405309653]TS 45.008 v13.1.0 states in sub-clause Section 10.1.1.2 Packet transfer mode or MAC-Shared state the following for PEO:
“An exception is the case of a MS that has enabled PEO in which case the MS shall, while in packet transfer mode, only monitor the BCCH carrier of the serving cell, as long as it is still considered suitable, see subclause 6.6.1a”
The intent of this text is to indicate that while in packet transfer mode a device that has enabled PEO (or EC operation) shall not measure neighbor cells as long as the serving cell remains suitable i.e. there was never any intent to suggest that in packet transfer mode a device should be able to trigger cell reselection as described in sub-clause 6.6.1a. This is reasonable considering the expected rather short duration of TBFs expected for PEO and EC devices and that performing neighbor cell measurements every time a TBF is established will negatively impact battery lifetime with no appreciable benefit being derived from these measurements. As such, it is proposed that the opening paragraph of sub-clause 10.1.12 be modified as follows:
[bookmark: _Toc444464828]10.1.1.2	Packet transfer mode or MAC-Shared state
Whilst in packet transfer mode or MAC-Shared state an MS shall continuously monitor all BCCH carriers as indicated by the BA(GPRS) list and the BCCH carrier of the serving cell. An exception is the case of a MS that has enabled PEO in which case the MS shall, while in packet transfer mode, only monitor the BCCH carrier of the serving cell, as long as it is still considered suitable (see subclause 6.6.1a 3GPP TS 43.022 [11]). In every TDMA frame, a received signal level measurement sample shall be taken on at least one of the BCCH carriers, one after the other. Optionally, measurements during up to 8 TDMA frames per PDCH multiframe may be omitted if required for BSIC decoding or multi-RAT measurements.
RLA_P shall be a running average determined using samples collected over a period of 5 s, and shall be maintained for each monitored BCCH carrier. The same number of measurement samples shall be taken for all monitored BCCH carriers except, if the parameter PC_MEAS_CHAN indicates that the power control measurements shall be made on BCCH (see subclause 10.2.3.1.2), for the serving cell where at least 6 measurement samples shall be taken per 52-multiframe. The samples allocated to each carrier shall as far as possible be uniformly distributed over the evaluation period. At least 5 received signal level measurement samples are required for a valid RLA_P value.
In case of a MS that has enabled EC-EGPRS operation, the MS shall, while in packet transfer mode, monitor the received signal level of the serving cell as long as it is still considered suitable (see 3GPP TS 43.022 [11]). The received signal level shall be measured as specified for RF power control in subclause 10.2.3.1.2. The MS need not monitor received signal level of neighbour cells, nor decode BSIC of the serving or neighbour cells.
Signal strength measurements
In GSM/EGDE the RLA_C signal metric is used in cell (re)selection procedures. It is an average over signal strength samples in dB taken on that ARFCN. It will thus reflect the total signal level, and not necessarily only the BCCH carrier level of a specific cell. Furthermore, the signal strength measured might be down-regulated in power by up to 6 dB which is not compensated for by the MS.
In EC-GSM-IoT RLA_C is defined different than in GSM/EDGE. In this case RLA_C is a linear average taken over samples from the EC-SCH or FCCH. An advantage of this update is e.g. that down regulations in BCCH signal strength will not impact the result. Also, the measurement is only taken for the carrier strength of a specific cell, with the intention to ignore contributions from interfering signals and noise. This is essential for EC-GSM-IoT when operating at signal levels below the noise floor in the receiver, and will also help in conditions with high interferer levels, such as in a tight frequency re-use scenario. It has also been shown that a linear average outperforms an average over samples in dB (as used in legacy GSM/EDGE) at low signal strengths.
Due to their differences the RLA_C values are not directly comparable. However, for cell (re)selection procedure involving EC-GSM-IoT and non EC-GSM-IoT capable cells it is of interest to have an as comparable metric as possible. In the following the RLA_C value measured in a cell supporting EC-GSM-IoT is referred to as RLA_EC. This is also a change proposed to be incorporated in TS 45.008 to avoid confusion.
Instead of introducing a complicated comparison mechanism between RLA_C and RLA_EC it is further proposed to introduced a third signal strength metric, RLA_GC. RLA_GC is intended to be used by EC-GSM-IoT MS when evaluating non EC-GSM-IoT cells. When evaluating EC-GSM-IoT cells RLA_EC still applies. To make RLA_GC and RLA_EC comparable, with a minimal impact on device implementation it is proposed that RLA_GC:
· Is based on samples collected on timeslot 0 of the BCCH carrier.
· Is collected over at least as many samples and time period as RLA_EC.
· Is derived as a linear average of the collected samples.
· Uses the same range as RLA_C.
It could also be considered to define RLA_GC to PEO MS instead of RLA_C, to primarily avoid erroneously measured signal strength levels due to a down-regulated BCCH carrier. The view from GERAN on this consideration is encouraged.
If found agreeable the sourcing company will propose to introduce this new signal level metric in TS 45.008 to facilitate a (re)selection between EC-GSM-IoT and non EC-GSM-IoT cells.
GPRS/EGPRS/PEO/EC-GSM-IoT cell selection
Measurements for normal list cell selection
In [2] views were expressed to simplify the cell search for EC-GSM-IoT capable devices not in extended coverage. 
To facilitate cell selection between non-EC-GSM-IoT and EC-GSM-IoT cells, and to take the views in [2] into account, it is proposed to in TS 45.008 sub-clause 6.2 “Measurements for normal list cell selection” specify a procedure where the MS:
1. First measures RLA_C on all cells in its supported bands.
2. In a second step measure:
a. RLA_EC for the strongest BCCH carrier on each RF channel that supports EC-GSM-IoT.
b. RLA_GC for the strongest BCCH carrier on each RF channel that does not support EC-GSM-IoT.
3. In a third and final step selects a suitable cell (which includes the evaluation of C1>0, see 3GPP TS 43.022) with the highest measured value, i.e., RLA_EC or RLA_GC, whichever is applicable.
To reduce the burden on the MS it is in addition proposed to allow the MS to omit step 2 for those RF channels for which the measured RLA_C is more than CELL_SELECTION_RLA_MARGIN dB below the measured RLA_EC or RLA_GC of the strongest cell. CELL_SELECTION_ RLA_MARGIN is proposed to be broadcast in EC SI in cells supporting EC-GSM-IoT, and in SI in cells not supporting EC-GSM-IoT. If also RLA_GC is introduced for PEO (see open discussion point above), the IE would also apply to PEO devices.
After cell selection it is proposed to allow the MS to determine which service to initiate. In simple words, the logic above allows an MS selecting an EC-GSM-IoT capable cell may enable EGPRS operation if the MS supports EGPRS. 
If this proposal is agreeable it will be implemented in an EC-GSM-IoT CR to 45.008 at GERAN#70.
Measurements for stored list cell selection
It is further proposed to clarify in TS 45.008 sub-clause 6.3 “Measurements for stored list cell selection” that the MS may store more than one BCCH list. This will allow the MS to store separate lists for EC-GSM-IoT and non EC-GSM-IoT cells to easier know which of RLA_EC and RLA_GC to apply when performing measurements for stored list cell selection.
If this proposal is agreeable it will be implemented in an EC-GSM-IoT CR to 45.008 at GERAN#70.
GPRS/EGPRS/PEO/EC-GSM-IoT cell reselection
Criterion for cell selection and reselection
The introduction of a PEO C1_OFFSET and EC-GSM-IoT specific EC_RX_LEV_ACCESS_MIN makes a comparison between C2 for cell reselection between e.g. EGPRS, PEO and EC-GSM-IoT complicated. As an example, if assuming cell reselection offsets to be 0 and the parameter B in the C1 criterion to be 0, the C2 criterion for a non-EC-GSM-IoT cell and an EC-GSM-IoT cell would become:
· EC-GSM-IoT: C2 = RLA_EC – EC_RXLEV_ACCESS_MIN
· Non EC-GSM-IoT: C2 = RLA_GC - RXLEV_ACCESS_MIN
Assuming that RLA_EC = RLA_GC, the C2 criterion would differ by 20 dB, even if the two cells are equally strong (due to the possibility of EC-GSM-IoT to operate at a 20 dB lower coverage limit which will be reflected in the EC_RXLEV_ACCESS_MIN value).
A first step to facilitate reselection regardless of supported features is taken if C1_OFFSET is abandoned as proposed in section 2. This will allow PEO capable devices, not supporting EC-GSM-IoT, to follow the legacy procedures for cell reselection.
In as second step it is proposed to introduce two new C2 criterions that applies for EC-GSM-IoT capable devices when evaluating EC-GSM-IoT capable and non EC-GSM-IoT capable cells. The first new criterion that applies for EC-GSM-IoT capable devices evaluating EC-GSM-IoT capable cells is proposed to be defined as:
	C2_EC = RLA_EC - Max(B_EC,0) + CELL_RESELECT_OFFSET 
First it should be noted that the dependency on EC_RX_LEV_ACCESS_MIN is removed to make the ranking independent of this feature specific signal level reference.  It is otherwise proposed to maintain the legacy functionality of a CELL_RESELECT_OFFSET (sent in EC SI) that shall be set to the same value as the same parameter sent in SI. In case the MS falls back to EGPRS operation then it is assumed that the legacy functionality applies. 
The second new criterion that applies for EC-GSM-IoT capable devices evaluating non EC-GSM-IoT capable cells is proposed to be defined as:
For PENALTY_TIME <> 11111:
	C2_GC = RLA_GC - Max(B,0) + CELL_RESELECT_OFFSET - TEMPORARY_OFFSET * H(PENALTY_TIME ‑ T) 
For PENALTY_TIME = 11111:        
	C2_GC =  RLA_GC - Max(B,0) - CELL_RESELECT_OFFSET               
Here instead of RLA_EC the MS needs to use RLA_GC. Again the dependency on RX_LEV_ACCESS_MIN is eliminated to make C2_EC and C2_GC comparable. The CELL_RESELECT_OFFSET, TEMPORARY_OFFSET and PENALTY_TIME broadcasted on the SI should be set to the same value as the corresponding parameter broadcasted on the EC SI. 
It is hence proposed to in TS 45.008 sub-clause 6.4 introduce the above presented criteria for cell reselection.
 Procedure for reselection
With the above proposed new criteria for EC-GSM-IoT capable devices in mind it is proposed to introduce a new procedure for cell reselection into applicable parts of TS 45.008 and TS 43.022.
The proposed procedure to be applicable for EC-GSM-IoT capable devices is as follows:
1. If cell reselection is triggered measure C2_EC and C2_GC on neighboring EC-GSM-IoT and non EC-GSM-IoT cells.
2. In a second step rank the measured cells according to C2_EC and C2_GC, whichever is applicable.
3. In a third and final step select the suitable cell (see 3GPP TS 43.022) with the highest measured value, i.e., C2_EC or C2_GC, whichever is applicable.
So although the dependency of (EC_)RX_LEV_ACCESS_MIN has been removed in the second ranking step, it is still of high importance as it is used to qualify a cell as suitable in the third step.
After a cell has been selected it is proposed to allow the MS to determine which service to initiate. In simple words, the logic above allows an EC-GSM-IoT capable MS to select an EC-GSM-IoT capable cell to enable EGPRS operation if the MS supports EGPRS. 
If this proposal is agreeable it will be implemented in an EC-GSM-IoT CR to 45.008 at GERAN#70.
Monitoring of paging channel
By allowing the MS to determine which service to run in a cell supporting both legacy GPRS/EGPRS and EC-GSM-IoT, it needs to be clarified what paging channel the MS shall be monitoring in the different cases.
· If the last transfer was in EC operation, i.e. with Coverage Class (CC) info, the MS shall be monitoring the EC-PCH in cells supporting EC and legacy PCH in cells not supporting EC (if the MS supports legacy GPRS/EGPRS operation).
· If the last transfer was in legacy GPRS/EGPRS operation, i.e. with no CC info, there are a few different options for what paging channel the MS shall be monitoring, assuming that the MS is EC-GSM-IoT capable, either:
a) The MS shall be monitoring the PCH in cells not supporting EC and not monitor any paging channel in the cells supporting EC. This would thus require that the MS reports when it enters an EC supporting cell. This would then be done through a Cell Update sent in EC operation, i.e. with CC info;
b) The MS shall be monitoring the PCH in all cells (independent if the cell supports EC or not); or
c) The MS shall be monitoring the PCH in cells not supporting EC and the EC-PCH in the cells supporting EC.
Option a) would however require the MS to use EC operation in a cell supporting EC-GSM-IoT, which thus means that the MS would not be allowed to determine itself which service to run. Both options b) and c) will however allow the MS to determine its service and still give a clear specification of where (i.e. on what paging channel) the MS is reachable based on the MS capability and the cell capability. In option c), the EC-PCH would be used even if no CC info is available. An option is then to use CC 1 on the EC-PCH, i.e. as long as the MS is operating in legacy GPRS/EGPRS in a cell supporting EC-GSM-IoT, it would thus monitor the EC-PCH using CC 1.
With option c) the paging channel to use in each cell will not be dependent on the type of operation that was used by the MS at the last transfer. It is therefore proposed to use option c) and then use CC 1 when transmitting paging messages on the EC-PCH.Conclusions
Conclusion
This discussion paper has proposed a number of corrections and modifications in terms of PEO and EC-GSM-IoT cell selection and reselection behaviour. For PEO the corrections are seen as essential to guarantee a functional behaviour. For EC-GSM-IoT the modifications are of high importance to secure that GPRS/EGPRS can be implemented as a fallback solution in case of lack of coverage during the initial deployment phase.
[bookmark: _GoBack]The necessary updates to the specifications from the proposals in the document have been captured in
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	CR 44.018-1035 Miscellaneous corrections to EC-GSM-IoT (Rel-13)
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	CR 48.018-0425 Miscellaneous corrections to EC-GSM-IoT (Rel-13)
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