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In Release 13 the Work item on Extended Coverage GSM (EC-GSM) is about to be completed. The main objective is to introduce Extended Coverage GSM IoT (EC-GSM-IoT) into the GERAN specifications. Part of the WI is to investigate a thin frequency allocation, down to 600 kHz supported with a 1/3 reuse. EC-GSM-IoT also supports network sharing, allowing up to four core network operators to share a common EC-GSM-IoT radio network, as a mean to share the heavy deployment costs for mobile networks and to minimize the EC-GSM-IoT spectrum requirement per operator. EC-GSM-IoT has further been designed to support device battery lifetimes of 10 year and beyond using different power saving functions in combination with relaxed monitoring requirements for serving and neighboring cells. 
When combined the above mentioned functionality may lead to ambiguities in the Base Station Identification Code (BSIC) based cell identification. In this discussion paper it is proposed to introduce a new three bit cell identifier denoted ARFCN Color Code (ACC) that when combined with the existing Network and Base Station Color Codes (NCC and BCC) forms a 9 bit Extended Base Station Identification Code (eBSIC). This enhanced cell identifier is intended to mitigate the ambiguity foreseen to become visible in tight frequency reuse networks when shared radio access networks are deployed. 
The document is identical to the one presented at EC-GSM-IoT telco#7. Due to specification technical reasons, the ACC mentioned in the paper, is referred to as Radio frequency Colour Code (RCC) in the Change Requests submitted to GERAN#70 (to avoid confusion with the already used abbreviation ‘ACC’). Also, the eBSIC referred to above and in the document is implemented as ‘BSIC‘ to avoid too many unnecessary changes to the specifications. Hence, BSIC for EC-GSM-IoT is a 9 bit field, compared to a 6 bit field for other services in GSM.
Discussion
A cell is uniquely identified, at least within its location area, by a two octet cell identifier (CID) information element (IE) broadcasted in the system information (SI). To facilitate early cell identification many GSM/EDGE procedures do however rely on the BSIC, that is obtained from the (EC-)SCH, already at synchronization to a BTS. 
The BSIC is for example used to identify cells when sending measurement reports to the network, and it is also sent on the (EC‑)RACH to inform the receiving BTS if it was the intended recipient of the access attempt or not. 
Further, as GSM traditionally has relied on a high frequency reuse factor on the BCCH frequency layer the combination of BCCH ARFCN and BSIC identifier can be said to constitute a temporary cell identifier, hereafter called TCID, acting until the system information has been read and the CID IE is obtained. A relation between the TCID and the CID may be established by a MS upon reading the SI after synchronization.
A tight frequency reuse limits the number of unique ARFCNs available in the BCCH frequency plan. This obviously limits the number of unique TCIDs in a network. Compare e.g. a classical BCCH layer using a 12 frequency reuse, to a network based on a three frequency reuse. In the latter case the number to TCID is reduced by a factor of four.  
With the introduction of network sharing in GERAN, restrictions on the usage of the NCC bit map was introduced in the GERAN specifications (see e.g. TS 23.003 section 4.3.2). As part of the Network sharing functionality is the broadcast of the NCC Permitted IE that signals which of the 8 available NCC code points are permitted for a MS in terms of cell reselection for a specific PLMN. In the extreme case only a single NCC code point is to be considered. Compared to the historical usage of NCC, where all 8 code points typically are used freely with the exception of country borders, this implies a reduction by a factor of 8 in the number to TCIDs to be used in a network plan.
When combining the two above outlined scenarios, a 600 kHz shared multi-operator radio network can be envisioned. In case only a single NCC is permitted in certain areas the number of unique TCIDs will be down to 24 (3x8). This can be compared with a classic 4/12 BCCH reuse where all 64 BSIC code points can be used freely to make 768 (12x64) TCIDs available. 
Such low number of TCIDs will risk the process of identifying a cell using the TCID. Consider for example the case of EC-GSM-IoT where cell reselection information for the neighbor cells is broadcasted in the serving cell in EC SI 3, for the purpose to avoid the need to read the system information in the neighboring cells. In EC SI3, each neighboring cell is identified by the BCCH ARFCN and BSIC, i.e. the TCID. As up to 32 neighboring cells (see e.g. TS45.008) may be broadcasted in EC SI 3 it is clear that 24 available TCIDs may introduce an ambiguity resulting in possible sub-optimal cell re-selection performance. 
EC-GSM-IoT also support eDRX where a device may go to sleep for up to 52 minutes, and PSM where the MS may sleep for as long it desires. Several use case for cellular IoT are involving mobility. A device sleeping for hours may leave a cell A with a TCID X, and later wake up in a new cell B that, with a certain likelihood, is configured with the same TCID X. A legacy GSM MS would after 30 second read the system information of the serving cell, and detect that it has entered a new cell. An EC-GSM-IoT device is however not mandated to read the EC SI unless the three bit EC BCCH Change Mark IE included in EC-SCH is different in cell A and B. If considering uncorrelated updates to the EC SI in cell A and B, the likelihood of experiencing the same EC BCCH Change Mark bit map in both cells are 1/64. So although relatively small, it is not negligible. 
In worst case a MS may have moved to a cell in a new routing area, and since it will not understand that this is the case (i.e. assuming the TCID and EC BCCH Change Mark IE are equal in the two cells the MS will not read system info and not perform routing area update) it will not be reachable for paging. A MS may even attempt to access the new cell B, and the lower layers in the BTS will acknowledge the attempt and send the MS an EC Immediate Assignment (EC IA). If the EC IA contains a MA Number used both in cell A and B, the MS will start its UL transfer but it will do so on the ARFCNs associated with the MA Number defined in the EC-SI broadcasted in cell A. This will likely cause the TBF to fail while creating unexpected UL interference.
Proposal
To combat the possible issues elaborated upon in section 2 it is proposed for EC-GSM-IoT to introduce an ARFCN Color Code (ACC) field in the EC-SCH that will support discrimination of cells using the same BCCH ARFCN and being configured with the same NCC and BCC.
To compensate for the restrictions in NCC usage due to network sharing it is proposed that the ACC is a three bit map field. When combined the NCC, BCC and ACC will form a new IE called extended BSIC, or short eBSIC, using a similar terminology as the extended TFI (eTFI) introduced for downlink Multicarrier. 
To support the introduction of the ACC it is proposed that the payload space in the EC-SCH is extended from 27 to 32 bits. This will give space to the ACC and release three spare bits for future use. The content of the EC-SCH FEC encoded data will then equal:
· eBSIC (BSIC + ACC): 9 bits 
· Reduced TDMA frame number: 14 bits
· Implicit Reject: 2 bits
· EC BCCH CHANGE MARK: 3 bits
· RACH ACCESS CONTROL: 1 bit
· Spare: 3 bits
In section 4 it will be shown that the above proposal can be supported by the introduction of a uniformly distributed puncturing pattern implemented after the convolutional encoder. This supports five additional bit to be fed into the convolutional encoder. The puncturing pattern will reduce the number of encoded bits from 88 to 78 to facilitate compliance with the synchronization burst. 
As the BSIC is echoed on the EC-RACH when a device attempt system access, it is also proposed that the ACC is added to the EC-RACH. In section 4 it is shown that the three bit ACC can be XORed over the last three data bits just as the BSIC is XORed over the six CRC bits without noticeable impact on performance.  
Simulations
EC-SCH Performance
The EC-SCH performance has been evaluated with two types of receivers. Firstly IQ-combining is used across the block of seven EC-SCH bursts received in the beginning of a 51-MF, while soft combination is performed over up to four blocks of seven IQ-combined EC-SCH bursts. The performance is shown in Figure 1 and a degradation of ~0.7 dB is visible compared to the current EC-SCH performance. The performance still meets the -6.3 dB target to reach 164 dB coupling loss with more than 2 dB margin.
the second receiver where only soft combination was used again a degradation of ~0.7 dB is visible. The performance still meets the -6.3 dB target to reach 164 dB coupling loss, now with a margin of above 1 dB, as shown in Figure 2.
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[bookmark: _Ref448391017]Figure 1 EC-SCH performance when using IQ- and soft combining.
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[bookmark: _Ref448392318]Figure 2 EC-SCH performance when using soft combining.
In a further step the synchronization time needed to synchronize to the FCCH and EC-SCH at a coupling loss of 164 dB is presented in Figure 3. The simulator used for the evaluation is described in reference  [2]. As shown in the figure legend the success rates to synchronize within two seconds are in both simulated cases very close to 100%. The impact on the synchronization time is visible but negligible. 
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[bookmark: _Ref448392746]Figure 3 EC-GSM-IoT synchronization performance for the current EC-SCH and the EC-SCH with an extended content of 30 FEC encoded bits.
Based on the performance shown in the above three figures the introduction of the ACC is considered feasible on the EC-SCH.
EC-RACH Performance
The EC-RACH performance has been evaluated for a three bit ACC XORed over the last three data bits in the 11 bit EC-RACH. Performance for Coverage Classes (CC) 1 and 4 are presented in below Figure 4 and Figure 5 for all eight ACC code point. Note that the current performance is represented by ACC = 000, which perform similarly to all other combinations of ACCs. 
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[bookmark: _Ref448393477]Figure 4 EC-RACH CC1 performance.
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[bookmark: _Ref448393478]Figure 5 EC-RACH CC4 performance for single TS mapping.
The GERAN core specifications TS 45.005 also mandates that a false positive rate of 0.002% is fulfilled for the EC-RACH when the receiver is fed with a random signal (the red line in the figure). In Figure 6 the false positive rate is presented at a SNR of -100 dB, which models random input. It can be noted that no modifications have been done to the BTS receiver to illustrate the false positive rate. Again note that the current performance is represented by ACC = 000, which perform similarly to all other combinations of ACC. It is clear that the requirement is comfortably met regardless of the ACC bit map.
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[bookmark: _Ref448393950]Figure 6 EC-RACH false positive requirements.
Based on the performance shown in the above three figures the introduction of the ACC is considered feasible on the EC-RACH
Specification impact
The main specifications impacted are listed below together with the impacted content:
· 45.002: Updated description of the EC-SCH content.
· 45.003: Introduction of a puncturing pattern in the encoding of the EC-SCH and updated BSIC modulation two addition for EC-RACH.
· 44.018: Updated payload content of the EC-SCH block.
· 45.008: Reconfirmation of eBSIC as a trigger for cell reselection.
Conclusions
In this contribution it has been proposed to introduce a three bit ARFCN Colour Code (ACC) that extends the current BSIC to create a 9 bit eBSIC that aims at combating a potential ambiguity in terms of cell identification in a tight frequency reuse scenario.
The proposal is to update the EC-SCH and EC-RACH encoding to facilitate support for the ACC. It has been shown in section 4 that this is feasible with minor modifications of the currently specified encoding formats.
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