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EC-GSM – Multiplexing with legacy devices
Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
[bookmark: _GoBack]The study is open for non-legacy based design, and/or a backward compatible evolution of GSM/EDGE. A benefit with a backwards compatible system design is to re-use already existing radio resources in a current GSM/EDGE deployment.
In this contribution, the multiplexing of CIoT devices and legacy GPRS/EDGE devices is investigated and it is concluded that full multiplexing of traffic channels is possible.
[bookmark: _Ref409955177]Multiplexing between GPRS and EGPRS
Today partial multiplexing between GPRS and EGPRS is possible. I.e. both GPRS and EGPRS devices can be assigned the same resources in the network but both DL and UL scheduling of GPRS devices using 8PSK modulation is not possible, simply because the GPRS devices only support GMSK modulation.
For GMSK modulation however, GPRS and EGPRS devices can be multiplexed in the sense that GPRS devices can monitor the DL block for UL scheduling opportunities (USF) even if the DL block is intended to an EGPRS device. This is achieved by coding the Stealing Flags for PDTCH MCS-1-4 (EGPRS) using the same code word as CS-4 (GPRS). From [2] for the coding description of MCS-1 it is noted that:
Note:	For a standard GPRS MS, bits q(0),...,q(7) indicates that the USF is coded as for CS-4.
A GPRS MS will not be able to receive the RLC/MAC header and RLC data in the rest of the DL radio block but the content is also not intended for it (only addressing the EGPRS MS in the DL).
In case of PACCH, the CS-1 coding scheme is used that encodes the data, USF and MAC header in one block. The use of CS-1 is indicated by the Stealing Flags. GPRS MSs use CS-1 on both PDTCH and PACCH, while EGPRS MSs use CS-1 only on PACCH. Due to the use of CS-1 both in GPRS and EGPRS, there is no multiplexing issue.
Multiplexing of EC-GSM and GPRS/EGPRS
EC-PDTCH
For EC-GSM the channel coding and burst mapping of the PDTCH are fully re-used from EGPRS, although the content of the RLC/MAC header will be different. However, as long as the TFI field is kept as today, and as long as the TFI does not address a legacy device, it will not act on it. The TFI in EC-PDTCH/U blocks is also kept in the same location as per legacy PDTCH blocks thereby also allowing the BSS to verify the correct device has sent an UL block.
Hence, the DL scheduling principles will work as per current operation for both legacy GPRS/EGPRS devices and EC-GSM devices.
It has already been shown in [3] that extended coverage scheduling of DL blocks can be done while still allowing for dynamic UL scheduling by USF. USF scheduling of devices in extended coverage is not used, [4].
EC-PACCH
The EC-PACCH block is mapped onto four bursts but the block is formed using a new 1-burst format, that is repeatedly mapped onto the four bursts of a radio block structure, as defined in [5]. In the DL EC-PACCH the Stealing Flags are still used to allow for signaling of CS-3 coding scheme (to distinguish between CS-4 signaling, which indicates PDTCH). Also the USF bits are mapped onto the same bit positions as for CS-2-3 and MCS-1-4 to allow legacy devices to read the USFs in the DL EC-PACCH block.
The USF bits for CS-2-3 and MCS-1-4 are mapped in the same way over the four bursts irrespective of coding scheme, but the USF bit positions per burst is different. Hence, for the new 1-burst format, this implies that the bit positions where USFs are placed according to legacy operation, effectively override a subset of the bits of the new 1-burst format implying that the signals of the 1-burst format are not fully coherently combined. The USF bits in each burst are shown in Table 1.
[bookmark: _Ref409952992]Table 1. USF bits per burst for CS-2-3 and MCS-1-4.
	Burst
	USF bit position

	0
	0, 51, 102

	1
	100, 35, 86

	2
	84, 19, 70

	3
	68, 3, 52



As can be seen, there is no overlap of any bit position between the bursts, i.e. for these 12 bit positions the accumulation of multiple transmissions will effectively be ¾ of useful signal and ¼ of interfering USF bits. There are however, in total, 114 bits in the burst (deducting the 2 Stealing Flags bits per burst), and hence the performance is not expected to be significantly impacted by overriding the USF bit positions.
This has been evaluated by link level simulations using 16 blind transmissions, see Figure 1, according to the agreed link level simulation framework, see [6], and it can be seen that the degradation is limited to around 0.2-0.3 dB.
[image: ]
[bookmark: _Ref409954812]Figure 1. EC-PACCH/D – impact on overriding USF bits.
Hence, it can be concluded that using the new EC-PACCH/D block format will, allow for legacy devices to monitor the DL block and interpret the USF bits for UL scheduling, irrespective of the decoding possibility of the DL block, just as for the GPRS/EGPRS multiplexing functionality today, see Section 2.
Conclusion
In this paper, resource multiplexing of legacy GPRS and EGPRS devices with EC-GSM devices has been investigated and it has been concluded that there is no restriction in resource handling when both device types are multiplexed on the same physical resources.
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