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1 Introduction
One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD. In contribution [2] we discuss the required link budget improvement for each physical signal/channel.

The study item TR [3] notes that not all UEs will be in bad coverage all the time or require the same coverage improvement. Therefore, in order for the system to operate in a resource efficient way, it is desired that the coverage enhancements can be enabled and scaled (or disabled) according to what is actually needed for a particular UE in a particular cell.
The WID specifies that a mechanism should be specified that supports scaling of the spectral efficiency impact of the coverage improvement technique by identifying each UE that requires improved coverage and informing eNB about the amount of coverage improvement needed by the UE. This contribution discusses how to control the amount of coverage improvement required for each physical signal/channel.
2 Discussion
2.1 Cell-specific channels
Different networks and different cells in a network will have different coverage. Therefore it is desired that the amount of coverage improvement is configurable to some extent, preferably per cell. Fine-tuning of the coverage can then be part of careful network planning.

According to the WID [1], the coverage improvements should be applicable for the new low-complexity UE type as well as for other UEs operating delay tolerant MTC applications. Due to the complexity reductions on the receiver side in the low-complexity UEs, they will need about 4 dB extra coverage improvement in downlink compared to other UEs [2]. The required coverage for cell-specific channels will be determined by the UEs with the worst performance, i.e. the low-complexity UEs. In the most extreme cell configuration, there will be a substantial overhead e.g. from a heavily repeated PBCH channel. It doesn’t make sense that all cells should have to carry this burden.
Furthermore, a network implementation may choose to realize at least part of the coverage enhancement for some channels (e.g. PBCH and PRACH) through relaxed expectations on the acquisition time (similarly as for PSS/SSS) rather than heavy repetition in order to minimize the static allocation of system resources for the enhanced coverage mode. This approach is further explored in contributions [4] and [5]. Different transmitter and receiver assumptions, such as number of receive antennas or downlink transmit power, change the balance between uplink and downlink. For this reason it makes sense to make the repetition factors for e.g. PBCH and PRACH configurable independently from the maximum amount of coverage enhancement supported in the cell.
Proposals:
· The maximum amount of coverage enhancement should be configurable per cell.
· The amount of coverage enhancement should be configurable independently per cell-specific channel (e.g. PBCH and PRACH).
As mentioned, the purpose with the latter proposal is to give the network freedom to do trade-offs between overhead and latency.
In practice, a UE that enters enhanced coverage mode will first attempt to acquire physical layer synchronization (through accumulation of consecutive PSS/SSS transmissions) and once this is achieved it will try to decode PBCH. The PBCH may have additional repetitions intended for UEs in enhanced coverage mode but the UE may not know the repetition factor. The UE can use some blind decoding strategy, trying different hypotheses for the PBCH repetition factor. Furthermore, if the UE is not able to decode the PBCH at once, it can keep trying to decode subsequent PBCH transmissions until it succeeds (or the procedure is interrupted by higher layers).
2.2 UE-specific channels

We assume that the UE always starts off operating in normal coverage mode. It will only go into enhanced coverage mode if it fails to establish a connection in normal coverage mode. The UE should be able to go into enhanced coverage mode after it has failed to acquire synchronization in normal coverage mode. One may also want to allow the UE to go into enhanced coverage mode at later stages, e.g. after it has failed to acquire system information or after it has failed with a random access attempt.

It should also be possible for the UE to go back to normal coverage mode once the UE finds itself in a better coverage situation. In our view, ideally the network should be able to control or influence this decision. If there are autonomous mechanisms in the UE for this, they may be based on measurements or timers in the UE that are configurable by the network.

Proposals:
· The UE’s initial mode of operation is normal coverage mode.
· The UE enters enhanced coverage mode after failure to perform synchronization acquisition in normal coverage mode. There may also be other triggers to enter enhanced coverage mode.
· It should be possible for the UE to go back to normal coverage mode if the coverage situation becomes better.
If needed, the network may indicate the maximum amount of coverage enhancement supported in the cell to the UE using a few bits within the MIB/SIBs. The MIB/SIBs will for example need to carry information regarding the PRACH resource configuration to be used in enhanced coverage mode. Furthermore, the TR [3] concludes that

In order to avoid excessive repetitions, the number of repetitions may be adjusted based on the UE's actual coverage status. PRACH can be used to inform eNB on the amount of coverage enhancement a low-cost MTC UE needs. For example, the system/eNB can pre-define/broadcast the mapping between PRACH resource and the amount of necessary coverage enhancement.

It certainly seems to make sense that the UE indicates the required coverage enhancement through its selection of PRACH resource so that eNB can take it into account already in its first dedicated response to the UE.
One possibility is to base the PRACH resource selection on downlink measurements by the UE. In this way, the selection would be indicative of the downlink coverage experienced by the UE. The UE may e.g. select a PRACH preamble repetition factor based on the measurement result. It should be noted that measurements are associated with measurement errors and that these measurements might represent a somewhat indirect and inaccurate estimate of the required coverage improvement.
Another possibility is to let the PRACH resource selection just be the consequence of consecutive PRACH attempts with longer and longer PRACH preamble transmissions. In this way, the selection would be indicative of the uplink coverage experienced by the UE. A combination of the two approaches may be an attractive alternative, where the UE selects the initial PRACH preamble repetition factor based on downlink measurements, and if the PRACH transmission fails then the UE increases the repetition factor until it can be detected by eNB.
The UE may remember its PRACH resource selection for some time (e.g. according to some timer) in order to avoid excessive downlink measurements or unsuccessful PRACH attempts.
Proposals:
· The UE indicates the required amount of coverage enhancement through its selection of PRACH resource.
· The UE indicates the required amount of coverage enhancement through its selection of PRACH preamble repetition factor.
· The initial PRACH preamble repetition factor may be based on downlink measurements performed by the UE.
· The UE remembers its PRACH resource selection for some time (e.g. according to some timer). The details could be worked out either in RAN1 or in RAN2.
The number of PDSCH/PUSCH retransmissions will be dynamic to some extent assuming that L1 HARQ or RLC ARQ is supported. The bundle size for each (re)transmission could be determined semi-statically by eNB, e.g. based on the selected PRACH resource as discussed above or based on the success rate for earlier PDSCH/PUSCH packet transmissions.
Proposals:
· The PDSCH/PUSCH bundle size is determined semi-statically by eNB (details FFS).
· The number of PDSCH/PUSCH (re)transmissions is determined dynamically (details FFS).
In order to facilitate balancing between different channels, it might make sense to agree on a resolution for the configurable coverage enhancements.

Proposal:
· As a rule of thumb, the resolution for the configurable coverage enhancements is [3 dB], i.e. the amount of coverage enhancement for a channel or group of channels is configurable in [3-dB] steps.
3 Conclusions

This contribution discussed how to control the amount of coverage improvement required for each physical signal/channel. We have the following proposals:

Proposals regarding cell configuration:
· The maximum amount of coverage enhancement should be configurable per cell.
· The amount of coverage enhancement should be configurable independently per cell-specific channel (e.g. PBCH and PRACH).
Proposals regarding mode change:
· The UE’s initial mode of operation is normal coverage mode.
· The UE enters enhanced coverage mode after failure to perform synchronization acquisition in normal coverage mode. There may also be other triggers to enter enhanced coverage mode.
· It should be possible for the UE to go back to normal coverage mode if the coverage situation becomes better.
Proposals regarding UE informing eNB:
· The UE indicates the required amount of coverage enhancement through its selection of PRACH resource.
· The UE indicates the required amount of coverage enhancement through its selection of PRACH preamble repetition factor.
· The initial PRACH preamble repetition factor may be based on downlink measurements performed by the UE.
· The UE remembers its PRACH resource selection for some time (e.g. according to some timer). The details could be worked out either in RAN1 or in RAN2.
Proposals regarding data transmission:
· The PDSCH/PUSCH bundle size is determined semi-statically by eNB (details FFS).
· The number of PDSCH/PUSCH (re)transmissions is determined dynamically (details FFS).
Proposal regarding resolution:
· As a rule of thumb, the resolution for the configurable coverage enhancements is [3 dB], i.e. the amount of coverage enhancement for a channel or group of channels is configurable in [3-dB] steps.
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