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Additional coverage class mapping for 
EC-PDTCH

Introduction
EC-EGPRS achieves the extended coverage majorly by applying blind physical layer transmissions. Different number of blind physical layer transmissions are applied depending on the coverage condition of the device. A specific coverage range is mapped to a specific coverage class, each one using a different repetition pattern.
For EC-PDTCH transmissions, if the coverage class is higher than CC1, 4 consecutive time slots are required for coherent blind physical layer transmission and reception within the same TDMA frame. For coverage class CC3 and CC4, additional blind physical layer transmissions can be scheduled across TDMA frames in non-coherent manner.
However, depending on the radio resource utilization at the base station, it may not be possible to allocate four consecutive PDCH’s within the TDMA frame required for transmissions to devices in higher coverage classes. In such cases it is advantageous to identify an alternative repetition pattern requiring lesser PDCH’s to proceed with instead of denying the request for data transfer.
In this contribution we discuss some alternative schemes for a device in CC2, which can be served even with a single PDCH resource by using the alternative repetition pattern.

	REPETITION PATTERN FOR EXTENDED COVERAGE CLASSES FOR EC-PDTCH AND 	 	EC-PACCH
As per the current EC-EGPRS concept, the device in extended coverage compared to the normal EGPRS coverage condition will require 4 consecutive PDCH’s in CC2 to CC4. This may cause a delay in serving the request for data transfer from the device in case there were already a high number of Fixed Uplink Allocations for devices in CC1, so that 4 consecutive PDCH’s will become available only after a considerable delay.
Observation 1: Due to the need for 4 consecutive PDCH’s for coverage class CC2, under loaded conditions it may not be possible to allocate appropriate PDCH resource for CC2 at the required point in time for TBF operation.
One alternative is to increase the number of coverage classes to 5 with usage of only 2 PDCH’s. This will reduce the above impact to some extent. But having a higher number of coverage classes will yield other impacts related to the coverage class estimation and additional base station complexity for EC-RACH processing. This also will impact the use of OLCDMA based on CDMA codes of length 4 for such higher coverage classes (CC2 to CC4).
A second alternative is to define another repetition pattern for coverage class CC2 named hereafter “CC2-1TS”. The scheme uses blind physical layer transmission of bursts which are placed across every 4th TDMA frames. In other words the RLC block is repeated four times in consecutive 4 BTTI periods (i.e. using 80 ms) instead of each of the 4 bursts being repeated in 4 consecutive PDCH’s within the same TDMA frame (i.e. RLC block using one BTTI period of 20 ms).
SENSITIVITY PERFORMANCE 
The sensitivity performance of CC2 as currently defined where the blind physical layer transmissions are placed in consecutive timeslots and transmitted coherently, and of the new alternative CC2 scheme (CC2-1TS) where the blind physical layer transmissions are placed across 4 TDMA frames and transmitted non-coherently using co-phasing in the receiver, is illustrated in Figure 1 below.
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Figure 1: Sensitivity performance for EC-PACCH/U, regular CC2 mapping (red) and alternative CC2-1TS mapping (blue).

As per the results, the BLER performance of EC-PACCH/U using the existing (regular) CC2 mapping and the new CC2-1TS mapping at SNR=-7.4 dB (threshold for CC2 according to [1]) is 6% and 15%, respectively. The new CC2-1TS mapping is observed to achieve 10% BLER performance at SNR=-7 dB. It is assumed that the above comparison of results is also valid for the EC-PDTCH.
These results indicate that for devices operating in CC2 region up to SNR=-7 dB the performance of the new CC2-1TS mapping is expected to provide acceptable performance. Only devices in the small SNR region from -7 dB to -7.4 dB may experience slightly degraded performance compared to CC2.
Observation 2: The sensitivity performance for EC-PACCH/U for CC2 and CC2-1TS mappings differs by roughly 1.5 dB. The BLER performance at the CC2 threshold point for CC2-1TS is 15%. Until SNR=-7.0 dB the CC2-1TS mapping gives acceptable sensitivity performance.

[bookmark: _GoBack]APPLICABLE SCENARIOS FOR The CC2-1TS Mapping
The transmission time for a single radio block with CC2-1TS is increased to 80 ms compared to 20 ms with CC2. This increase in transmission time will not impact the overall latency, because the latency of CC2-1TS is the same as that of CC4.
Whenever the device requests for an uplink TBF with coverage class CC2, uplink resources of 4 consecutive PDCH’s may be already occupied for lower coverage class transmissions as well as for legacy GPRS transmissions in such a way that 4 consecutive PDCH’s only become available at a considerably later point in time than the time of request for the uplink TBF. In such cases there will be a significant delay to start the uplink TBF or some of the ongoing uplink TBF’s needs to be terminated to allow the device operating in CC2 to start transmission at an earlier time. These problems can be mitigated if the device is able to operate the new CC2-1TS mapping, so that only one PDCH will be required to start the TBF operation.
As per the currently proposed coverage class definition [1], the each cell supporting EC-EGPRS traffic needs to reserve minimum of 4 PDCH’s for PS operations where CS calls are not allocated. These minimum 4 PDCH’s for the PS operations is required to admit devices in higher coverage classes at any point in time without the need to wait for completion of ongoing PS operations or even CS calls. If such reservation is not made, there will be situations where the TBF requested by a device in a higher coverage class cannot be admitted until the CS call is released.
With the introduction of CC2-1TS, the cell can still support a coverage range similar to CC2 without any specific reservation for EC-EGPRS traffic. 
As per the latest coverage class alignment proposed in [1], CC2 can serve coverage conditions up to MCL=158 dB. With the alternative coverage class CC2-1TS it is hence possible to serve coverage conditions up to MCL=156 dB. Hence with the introduction of CC2-1TS, coverage extensions up to 156 dB can be achieved without any PDCH reservation for EC-EGPRS traffic.
Proposal 1: CC2-1TS is used in situations where the cell can only reserve less than 4 PDCH’s exclusively for EC-EGPRS traffic. In these situations the cell will support CC1 and CC2-1TS only and provides coverage improvement up to MCL of 156 dB instead of 164 dB.
Moreover, when the device is assigned with CC1 at start of the TBF and depending on measurement reports and level of block error rate on uplink, if the BSS decides to increase the coverage class to CC2, this will require change of PDCH allocation from single slot to multi-slot operation. This creates additional computational effort in the BSS being equivalent to an intra-cell handover from one PDCH to another PDCH. In such cases depending on the estimated received levels, if CC2-1TS is estimated to be sufficient robust, the BSS can change the coverage class to CC2-1TS. Because this transition can occur in rather seamless manner, the change of PDCH configuration from single slot to multi-slot operation can be avoided.
As the initial coverage class estimation at the device may not be accurate related to the uplink reception at the base station, in many cases coverage class adaptation as part of HARQ retransmissions is expected to be executed. In those cases if a change from CC1 to CC2 is required, switching rather to CC2-1TS may be sufficient and should be checked prior to switching to CC2.
Proposal 2: CC2-1TS is used for change of coverage class from CC1 to CC2 as part of the coverage class adaptation during TBF.
As per link level simulation results, the sensitivity performance for CC2-1TS is inferior to that for CC2 by 1.5 dB. For the BSS to decide on whether CC2-1TS can be assigned to the device which is sending its channel request for UL data transfer using CC2 EC-RACH configuration, the channel request message needs to include this additional information. By assigning one specific code point of the 3 bit combination, composed of the 2 bits for the coverage class indication along with the spare bit, the device is enabled to send this additional information based on its implementation of the receive level estimation.
Proposal 3: The Channel Request message indicates whether CC2-1TS can be assigned. Available code points from the combination of coverage class indication and spare bit are used for this purpose.
CONCLUSION
In this contribution an alternative repetition pattern is proposed for CC2 based on single PDCH resource, named CC2-1TS. This new coverage class can be used in conditions where the cell cannot allocate 4 consecutive PDCH’s as requested by the device indicating UL-CC as CC2 in its channel request. This new coverage class also can be applied for coverage class adaptation from CC1 to CC2 in seamless manner during TBF operation.
The new coverage class CC2-1TS can also be used in cells which cannot reserve 4 consecutive PDCH’s for EC-EGPRS traffic. This option is also beneficial for radio resource configurations where the PDCH’s are dynamically shared between CS and PS resources including EC-EGPRS. In such scenarios, CC2-1TS can be assigned to the device when the required consecutive PDCH’s are full occupied due to ongoing CS calls in the system.
Results for the sensitivity performance of EC-PACCH/U for CC2 and CC2-1TS indicate that CC2-1TS EC-PACCH performance is inferior to CC2 by only 1.5 dB, hence it is expected to serve a coverage range up to MCL=156 dB.
In order to assist the BSS to decide on whether CC2-1TS can be assigned to the requested TBF operation, the device includes an indication on the suitability of CC2-1TS in the channel request message. For this purpose available code points from the combination of coverage class indication and the spare bit are used.
The sourcing company proposes to add the new coverage class using the CC2-1TS mapping to the specifications including the indicated signalling support for allowing higher flexibility for resource management at the BSS to serve EC-EGPRS devices in extended coverage and will provide the required changes to the normative work once a consensus on this proposal is achieved.
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