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Packet Downlink Control Channel for EC-GSM
1 Introduction
At GERAN#67 a new work item called Extended Coverage GSM (i.e. EC-GSM) for support of Cellular Internet of Things was approved, see [1]. The feasibility of EC-GSM was investigated in the “CIoT” study item [2] and the results are captured in 3GPP TR 45.820 [3].
This document analyzes the problems of the existing scheduling schemes (i.e. fixed uplink allocation and flexible downlink allocation) which were proposed for EC-GSM during the “CIoT” study, and proposes to solve these problems by introducing a new logical channel called packet downlink control channel (EC-PDCCH).
2 Existing scheduling schemes
2.1 Fixed uplink allocation
Fixed uplink allocation was removed in the GERAN specifications since Rel-5 but was re-introduced in the EC-GSM candidate solution during the “CIoT” study, see sub-clause 6.2.3.2.2 of [3]. The reason was mainly that problems were found in blind repetition for USF, as follows,
· Blindly repeating USF and not blindly repeating the RLC/MAC header and RLC data imply performance degradation due to ISI.

· Blindly repeating both USF and RLC/MAC header and RLC data implies a coupling of DL and UL scheduling.
However, USF repetition being inferior does not automatically justify the use of fixed uplink allocation.

One of the problems of fixed uplink allocation is its reliance on the accuracy of coverage class estimation. The latest proposal (see [4], although no details have been provided on the actual coverage class selection procedure) was that the MS measures the signal levels of FCCH, EC-SCH and EC-BCCH and derives the coverage class based on the averaged signal levels. However, it is unclear to what extent the averaging results for the mix of FCCH, EC-SCH and EC-BCCH measurements can always represent the receiver performance of other downlink channels. In case the coverage class is overestimated (e.g. coverage class 2 estimated as coverage class 1), the control signalling performance will be significantly impacted.
Even if the BLER for control channels with the estimated coverage class can really reach 10%, fixed uplink allocation is inherently problematic in error handling. Although no detail has been proposed for the TR [3] and no evaluation has been shown for error handling, it can be easily seen that in case any error occurs during the uplink data transmission (e.g. failure in receiving the access grant, or failure in receiving the PUAN) the MS has to abandon the ongoing data transmission and restart from random access. The loss in either capacity or latency can be very significant if error handling was ever considered in the evaluations.
One way to solve the above problem is to use a dedicated downlink control channel for both coverage class estimation and control signalling transmission, and allow multiple reading attempts of the control channel during data transmission.
2.2 Flexible downlink allocation
Flexible downlink allocation is an improvement of the existing EGPRS downlink scheduling mainly in that the MS only has to examine a fixed set of EC-PDTCH blocks within a 52-multiframe based on a given number of repetitions (determined by the MS’s coverage class).

The main problems of flexible downlink allocation are as follows,

· The MS still has to continuously receive all possible (repeated) radio blocks to detect the occurrence of a downlink RLC data block because the RLC data blocks intended for that MS are not necessarily contiguous to each other. This is especially disadvantageous to a good-coverage MS when it is multiplexed with extreme-coverage MSs on the same EC-PDTCH channel because the good-coverage MS may have to unnecessarily receive every radio block one by one, without knowing that most of the blocks are just repetitions of previous blocks not intended for it.
· The downlink data blocks are polled all at once, leaving no flexibility to the MS in detecting errors and recovering from errors during data transmissions, even if there are many chances during the downlink data transmission that the uplink data channel is idle and thus available for ACK/NAK transmission.
These problems can also be solved by introducing a dedicated downlink control channel and by further defining coverage class specific scheduling periodicity.
3 Packet downlink control channel (EC-PDCCH)
The packet downlink control channel (EC-PDCCH) conveys signalling information for one or more MSs in packet transfer mode. The signalling information includes uplink/downlink scheduling, uplink acknowledgements, etc. It is also proposed to use EC-PDCCH for coverage class selection and adaptation, see [5].
EC-PDCCH uses exactly the same channel coding as that for EC-PACCH.

The basic EC-PDCCH mapping is according to the highest coverage class for EC-PACCH. In the example shown in Figure 1, one EC-PDCCH block occupies four timeslots and has a basic period of one 52-multiframe.
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Figure 1: Basic EC-PDCCH mapping
In the basic EC-PDCCH mapping, different coverage classes share the same EC-PDCCH block assuming different number of burst transmissions. A MS belonging to the lowest coverage class can decode the EC-PDCCH block assuming only a small number of repeated burst transmissions (i.e. according to the mapping defined for that coverage class), whilst a MS belonging to the highest coverage class needs to combine all repeated burst transmissions (e.g. all the coloured bursts in Figure 1, as shown for CC6).

To improve the performance of good-coverage MSs, the EC-PDCCH period can increase as the coverage class index increases. Consequently, the EC-PDCCH period for the highest coverage class can be an integral multiple of any other coverage class. For example, the period for CC1, CC2 and CC3 can be half of that for other coverage classes, as shown in Figure 2. The EC-PDCCH configuration (physical channels, period for each coverage class, etc) is indicated in the system information broadcasted on EC-BCCH.
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Figure 2: Coverage class specific EC-PDCCH mapping
If deemed necessary (e.g. the scheduling information cannot fit within a single EC-PDCCH block), an EC-PDCCH block can contain the location of a subsequent EC-PACCH block where more scheduling information can be found. This is shown in Figure 4.
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Figure 4: Indication of a subsequent EC-PACCH block
4 Conclusions

In this document, a new logical channel, packet downlink control channel (EC-PDCCH), is proposed for EC-GSM. Comparing with existing scheduling schemes, EC-PDCCH has at least the following benefits,
· The scheduling is robust against the fluctuation of radio conditions. The MS can recover from errors during uplink data transmission, without the need to abandon the whole connection.
· The MS does not need to continuously monitor the downlink for data and acknowledgements. This is beneficial to power saving which is crucial to EC-GSM MSs.
· The resource utilization is improved by timely acknowledgement of data blocks and scheduling of retransmissions.
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