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Introduction
In order to support extended coverage in GSM for cellular IoT the resource handling need also be catered for in extended coverage.
In this discussion paper it is investigated if the current principle of DL scheduling (i.e. signaling the scheduled TBF in the DL RLC/MAC header by the TFI value) can be used also when extended DL coverage is required.
This document is a re-submission of a document presented at the first FS_IoT_LC telco.
DL scheduling
In a backwards compatible implementation of extended coverage in existing GSM deployments, users in extended coverage will co-exist with legacy GSM users and be multiplexed on the same physical PDTCH resources.
In GSM/EDGE today the DL scheduling is carried out by addressing the MS intended for the received DL data block in the RLC/MAC header.
A DL GSM/EDGE radio block consists of:
· An RLC/MAC header
· One or more RLC data blocks
· Stealing flags
· Uplink State Flag (USF)
All listed fields are separately encoded and are contained in pre-defined positions in the burst.
The DL radio block could also have a piggy-backed Ack/Nack bitmap included. This is however not as of today a wide-spread supported functionality and is not in this investigation considered applicable to the IoT segment.
RLC/MAC header
A typical format of the RLC/MAC header is provided in Table 1.
[bookmark: _Ref391136875]Table 1. RLC/MAC header design for MCS-1-4
	Bit
	

	8
	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	RRBP
	ES/P
	USF
	1

	BSN1
	PR
	TFI
	2

	BSN1
	3

	
	CPS
	BSN1
	4



It can be seen that the TFI value is a 5 bit value (allowing for 32 different users to be simultaneously active) is included in the header, which is for all EDGE MCSs protected by an eight bit CRC.
Out of the different fields of the radio block, it is only the USF that is not intended for the recipient of the DL data. I.e. the recipient of the DL data block and the USF need not be the same.
I.e. all other fields contain information intended for the recipient of the DL TBF addressed in the RLC/MAC header by the TFI field.
DL scheduling in extended coverage
Hence a straightforward approach to support DL scheduling also for devices in extended coverage would be to repeat the DL block.
However, in order not to pose restrictions on the UL scheduling by the USF it would be beneficial to have the repetitions on the DL completely decoupled from the USF value.
Assume for example that the DL block is intended to schedule a user in extended coverage by using four repetitions, it would be beneficial if the UL scheduling for users in normal coverage could be done by a block-by-block USF scheduling.
However, due to the inter-symbol-interference in the GSM system it is however not clear how much the flexibility of using the USF in this manner could potentially impact the DL data performance.
The situation for a four block repetition is shown in Figure 1. The data part is identical in all transmissions while the USF symbols take on four different values (indicated by different colors). Training sequence and tail bits are also shown in the burst format (gray).
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[bookmark: _Ref391137613]Figure 1. Four radio blocks (each of four bursts) with different USF bits.
DL scheduling for a large number of devices
When targeting a large number of devices the identifier space should be considered to be increased. This applies both for the UL and DL.
An extension of the DL TFI has already been included in the GSM/EDGE specifications by the use of an XOR operation of the RLC/MAC header and the extended TFI value.
This solution could also be used for cellular IoT. An alternative approach could be to re-define the RLC/MAC header. For example, there is no need to keep to a maximum RLC window size of 1024 for IoT users with low throughput requirements. Lowering the window size to for example at most 64 (same as used for GPRS today) would imply a sequence number space of 128 and a BSN field (see Table 1) of seven bits, releasing four bits for extended TFI. A suitable sequence number space to be used for cellular IoT is still left TBD. 
It should be noted that using an extended TFI space would still be backwards compatible with existing devices in the GSM networks.
In summary an extension of the TFI value to be catered in the RLC/MAC header is seen feasible if required by the cellular IoT traffic.
Simulations
Simulation assumptions
The simulation assumptions used for the simulations are shown in Table 2.
[bookmark: _Ref391137736]Table 2. Simulation assumptions.
	Parameter
	Value

	Channel propagation
	TU

	MS speed
	1.2 km/h

	Impairments
	Typical, see e.g. [2]

	Number of repetitions
	8

	MCS
	MCS-1



It is further assumed in the simulations that the USF value can change to any of 0-7 on a block-by-block basis.
Simulation results
In Figure 2 the performance is shown comparing keeping the same USF value during the eight repetitions with changing the USF value in each radio block period.
It is assumed that the receiver relies on accumulation of the IQ samples during all eight TSs of the TDMA frame, and hence would be most sensitive to changes of the USF value (preventing full coherent reception).
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[bookmark: _Ref391138830]Figure 2. RLC data block performance in extended coverage when varying USF in each radio block period.
It is seen that no negative impact on the DL data performance is visible. Hence, it is concluded that extending the current DL scheduling also when in extended coverage is seen feasible.
Conclusions
In this discussion paper it has been investigated if the current principle of DL scheduling (i.e. signaling the scheduled TBF in the DL RLC/MAC header by the TFI value) can be used also when extended DL coverage is required.
It is concluded that no impact on DL scheduling is seen even if allowing full simultaneous USF scheduling for users in normal coverage.
Furthermore, if required by cellular IoT, an extension of the TFI space is seen feasible by either adopting the currently used solution for eTFI by the DLMC feature, or redefining the RLC/MAC header with more bits used for TFI definition.
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