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Discussion and Decision
1
Introduction

RAN1 is working on the Low cost MTC work item [1] which is targeted to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks, with one of the objective is to improve coverage by 15dB for FDD (~x30 fold increase) for the low complexity UEs and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. To achieve this, several techniques are investigated by RAN1 by taking into account the relative spectral efficiency impact and cost / power consumption impact. The aim of this paper is to discuss the impacts of such changes when considering the whole system (as opposed to only study them in isolation from each other).
2
Discussion
In RAN1, it was agreed that repetition should be used as a method to improve coverage for PBCH (MIB), PRACH (preambles) and PDCCH (grants). Some issues are still open though e.g. the repetition pattern of the PBCH transmission, initial repetition level for PRACH, etc [2][3]. Also, with PDCCH repetition, the timing relationship between PDSCH and PDCCH will change [4].
Although sufficient for improving the coverage, transmission repetition for physical channels introduces a number of drawbacks that are explained below.
2.1
SIB transmission
As carrying critical information prior to accessing the system, the coverage of system information is essential as it should be received and correctly decoded by all UEs, also at cell edge. A 40ms repetition cycle was agreed in RAN1 [2], an obvious consequence is the increased system overhead and the degraded spectral efficiency due to additional resource consumption in the center 6PRBs. This would be more severe for the low cost MTC devices because of the downlink bandwidth restriction.
Also with repetitions, the battery life of the MTC devices in the coverage enhanced mode might be reduced in case the extra processing power is required for multiple decoding attempts. Moreover, the increased decoding computational complexity in UE would not be negligible. The resource allocation for the repeated PBCH transmission tends to complicate the eNB implementation to avoid the potential resource collision with other DL channels in the centre 6PRB. 
Observation 1: PBCH repetition will degrade the spectral efficiency and increase implementation complexity in UE and eNB.
For other system information, the following alternatives were proposed in RAN1 [4][5]:
1) Re-use legacy SIBs at least for SIB1/2/14

a) Aggregation within SIB modification period w/o additional repetition

b) Aggregation with additional SIB repetition(s) 

· FFS whether additional content or SIB is needed for coverage enhancement UEs 

2) new SIB for MTC coverage improvement
· All necessary system information for initial access of MTC UEs (e.g., necessary contents carried in SIB1/2/14) may be merged into the new SIB.

The Alt1a without additional repetition would likely lead to longer SI acquisition delays and extension of SIB scheduling parameters. On the other hand, the schemes (Alt1b or Alt2) which require additional repetition would increase the UE power consumption due to the extended reception time. In current specification, the transport format and the resource allocation for the system information transmitted by PDSCH are indicated by a corresponding PDCCH marked with SI-RNTI. In this case, repeated PDCCH would consume more downlink resource to assist the PDSCH transmission. Alternatively, a fixed resource location may be considered for SIB repetition without any PDCCH indication; however the scheduling flexibility in eNB would be restricted.
In order to achieve the 15dB coverage enhancement, the PDSCH message carrying the SIB needs 80 transmissions (3dB pilot boosting) or 120 transmissions (no pilot boosting). Considering the existing SI scheduling scheme, where a SIB is transmitted within a window, it is likely that the transmission of certain number of PDSCH is delayed beyond the boundary of the BCCH modification period. As a consequence, BCCH modification period would have to be extended, which would result in slower changes, also affecting regular UEs. Meanwhile the PDCCH/PDSCH capacity will be wasted because the eNB needs to send modification notification at all the paging occasions for the whole BCCH modification period. 
Defining a new SIB including the necessary system information only is expected to have less impact to legacy UE. The new SI could be independently scheduled and contain any update required for coverage-limited specific access without touching the structure and scheduling for existing SIBs. But nevertheless, the impact to specification would occur and the downlink overhead would increase for the duplicated information transmission for legacy UE and coverage limited MTC devices. 
Observation 2: The SIB coverage enhancement alternatives introduce significant impacts to the specification and system performance.
2.2
Paging 
In order to accommodate DRX in idle mode, the eNB must be able to transmit paging messages precisely when the UE expects them: Currently, the wakes up to UE monitor PDCCH on paging occasion (PO) and a PDCCH marked with P-RNTI in this PO indicates a paging message on PDSCH in the same subframe. With PDCCH repetition, this relationship will no longer be valid as the timing between PDCCH and PDSCH will change. Similarly, for system information modification notification, UE is required to monitor paging messages to obtain the notification during the BCCH modification period. If the paging message reception is delayed outside the BCCH modification period due to repetition, it is likely the UE would miss the system information change indication. Changes to paging occasion and paging frame calculation, and to the system information notification procedure will be necessary.
Observation 3: The PDSCH and PDCCH coverage enhancement will change paging procedures.
2.3
Random Access procedure 
PDCCH repetition will also affect the random access procedure in a similar manner as for the paging. Currently, the earliest time when the network can transmit the RAR message is 3 subframes after the RACH Preamble and the latest time is given by the length of ra-ResponseWindowSize. Those parameters and the BI indicator in RAR would need careful consideration by taking into account the agreed PDSCH and PDCCH timing relationship. The RAR payload element in RAR MAC PDU contains the UL grant for MSG3; however the MSG3 transmission might be delayed because of the repetition, which would introduce extra complexity in the eNB scheduler to grant resources.

The probability of PRACH contention is inversely proportional to the number of contention based preambles. The repetition of the PRACH preamble would imply the decrease of the preambles assigned for contention based RA procedure virtually, consequently would increase the preamble collision probability and eventually result in the RA failure 
It seems evident that introducing the preamble repetition would likely require redesign the whole RA procedure, which would lead to having two (potentially diverging) RA procedures for LTE, which seems somewhat undesirable and could delay introduction of the low cost MTC features to practical deployments. 

Observation 4: The preamble repetition will require re-design of existing RA procedure.

Note that the discussions in the eIMTA WI regarding, concerning only the RA timing, it was concluded that to preserve backward compatibility and avoid extra complexity, the timing relations between RA messages should be kept the same as for in legacy system. Given that, we think redesigning the entire RA procedure should have a very good reasons to justify the extra complexity to both UE and network implementations.
2.4
System capacity and performance impact
For the MTC use cases, like the deployment of the massive amount of low-cost battery-powered sensors or the remote-controlled utility meters, many of the applications may not require large amounts of data transmission with high data rates, but rather pose challenges in terms of a tremendous amount of devices connecting to the network. The improvements in the area of efficient handling of UE power consumption and control signaling may be of interest.
However, the coverage enhancement is at the expense of more overhead and lower capacity due to repetition. The overhead of PDCCH to notify UEs of the resource allocation of PDSCH is one concern which would result in unnecessarily low capacity on the PDCCH. More specifically, the common/broadcast messages, i.e. system information messages, paging messages and random access responses would suffer from the PDCCH capacity restriction since their scheduling pertains to downlink assignments that utilize the common search space. Additionally the UL PUSCH repetition would require more PDCCH overhead to get the UL grant and the PRACH capacity would be restricted as a consequence of the resource consumption for PRACH preamble repetition. Control signalling overhead would become undesirably high compared to the payload on DL-SCH/UL-SCH and would also leave less room for PDSCH/PUSCH resource allocation. As a result the number of users simultaneously supported within a cell will be reduced and the QoS for individual end-user might deteriorate due to increased latency and low data rate. Finally, the RACH preamble repetition may result in interference increase to neighbour cells and may require special means to handle.
Observation 5: The coverage enhancement is at the cost of decreased system capacity and lower system performance.
As another key consideration for MTC, the extra UE power consumption is foreseen due to the prolonged UE reception and transmission time caused by repetition. Meanwhile, the additional complexity may be introduced to existing DRX operation in active mode to adapt to the potential PDCCH and PDSCH coverage enhancement techniques.
Observation 6: The repetition would increase the UE power consumption and the complexity for DRX operation.

2.5
Specification and implementation impact
Apart from the potential degraded user experience, specification changes would be expected to fit the longer latency due to repetition. In order to relax the constraints on the major procedures imposed by the long delay, the timers and constants in existing AS and NAS protocols/procedures might need to be extended. Furthermore, the magnitude of the potential extension needs careful consideration to minimize the impact to the legacy UE. In addition the processing delay requirements for RRC procedures might need to be properly tuned to fit the capability of the coverage-limited UE.
With respect to eNB implementation, there might be challenges to compromise between the flexibility and the signaling overhead considering the coexistence of the legacy UE and the coverage-limited UE. 
Observation 7: The coverage enhancement scheme would introduce extra complexity of specification and implementation.
3
Conclusion
Given the analysis and observations above, we conclude that the repetition as one enhancement technique would penalize system performance and UE power consumption. Furthermore, there will be noticeable specification and implementation impacts. Additionally, it has to be highlighted that more efforts are expected to improve the coverage for the low complexity UE considering the reduced downlink bandwidth, which would further restrict the spectral efficiency and the scheduling flexibility.

In summary, coverage enhancements are targeted for low cost MTC UEs. When only looking at the coverage aspects, repetition does make sense. However, when considering other factors and overall system impacts a totally different picture emerges. First of all, repetitions will increase power consumption, going typically against what an MTC UE would expect. Furthermore repetitions will dramatically increase control overhead, reducing the spectral efficiency of the system, increasing blocking and latency while reducing throughput, also for regular UEs. Finally, repetition will of course increase coverage, but that means even more MTC UEs to serve for a cell, making the earlier problems even worse!

Proposal: RAN2 takes the above observations into consideration when analyzing the impact of coverage enhancement.
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