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1 Introduction

This contribution is the resubmission of [1]. The new WI “low cost & enhanced coverage MTC UE for LTE” was approved in [2] during RAN#60.   One objective of this work item is to provide coverage improvements corresponding to 15 dB for FDD for the low-MTC UE and other UEs operating delay tolerant MTC applications. The specified coverage improvement techniques should also be applicable for TDD.

In this contribution, RAN2 impacts due to coverage enhancement on other physical channels, i.e. PRACH, PDSCH, PDCCH, PUCCH and PUSCH, is discussed.  

2 Discussion
Generally speaking, the coverage of the physical channels is enhanced through repetition/TTI bunding/retransmission and extension to PSD boosting. Each data or signalling should be repeated large amount of numbers before it can be successfully received by the peer entity, which will introduce high latency for the communication between the UE and eNB. 

Random Access Procedure
Preamble transmission

Just as described in [2] that “The extra coverage target of PRACH can be achieved as an example, by preamble repetition of about 200times and/or new preamble format”, the excessive repetition will increase the collision probability, considering the co-existence of normal UE. In order to reduce the collision probability of preamble, it has been captured in [1] that dedicated resource for coverage limited UE is expected. Meanwhile, “the number of repetitions as well as the starting subframe should be predefined or configured by higher layer signalling”.

Observation 1: The dedicated resource, the number of repetitions and the starting subframe may need to be configured by RRC.

Observation 2: The coverage status need to be taken into consideration when perform random access resource selection. 

If eNB can’t differentiate normal UE and coverage limited UE through reception of preamble, i.e. without dedicated PRACH resource for coverage limited UE, RAR for different UEs will be multiplexed in the same TB. It is very likely that RAR can’t be received by the coverage limited UE unless RAR repetition is always performed blindly by the eNB. But such assumption doesn’t make sense since large amount of radio resources are wasted meaninglessly. 

Observation 3: Without the dedicated PRACH resource specific for coverage limited UE, the coverage of RAR can’t be guaranteed. 

RAR Reception
It has been estimated in [2] that “The average repetition time to achieve the coverage improvement target is 100~200 for FDD and 200~300 for TDD” for PDSCH coverage improvement. 

During random access procedure, RAR as well as the corresponding DL assignment through PDCCH are transmitted repeatedly in the time domain. The time duration between preamble transmission and reception of RAR as well as the RAR window needs to be extended accordingly.  So the current timing relationship specified is not applicable. 

Observation 4: The time duration between preamble transmission and reception of RAR as well as the RAR window needs to be extended for coverage limited UE. 

Msg3 transmission and Contention Resolution
For contention based RA procedure with coverage limited UE, Msg 3 and Msg 4 will also be repeated to improve the coverage. The repetition level associated to the transmission of Msg3/4 can be semi-static configured, dynamically signalled or predefined. Once the repetitions associated to a transmission of Msg 3 are completed, the contention resolution timer is started. The contention resolution timer needs to be set to a large value to accommodate the repetition of Msg4, i.e. PDCCH addressed to C-RNTI or UE Contention Resolution Identity. If the RA procedure is triggered due to initial access or re-establishment, the contention resolution timer should also take the repetitions of PDCCH addressed to Temporary CRNTI into account. 

Observation 5: Contention resolution timer should be extended to accommodate the repetitions of Msg 4, and additionally the repetitions of PDCCH addressed to Temporary CRNTI for DL assignment of Msg4 in the case of initial access and re-establishment. 

Proposal 1: Random access procedure for coverage limited UE needs to be discussed in RAN2, especially the timing relationship between different Msgs. 

DRX procedure 
“Simulation results show that around 100-200 repetitions at the aggregation level of 8 CCEs can achieve the coverage target of PDCCH (format 1a) [1]”. PDCCH repetition in time domain impacts both DL and UL data transmission, which can be considered case by case for different functionalities. However, one function specific for PDCCH monitoring is DRX. If DRX is supported for coverage limited UE, all the timers specific for DRX operation needs to be evaluated carefully. Considering both PDCCH and PDSCH will be repeated hundreds of times, which mean that UE stays awake for DL reception for a long time, the gain of DRX operation is questionable. Furthermore, the DRX MAC CE, which intends to make the UE switch to the status DRX, will also endure a long period before it can be successfully received. So maybe a simplified DRX operation for coverage limited UE can be considered. 

Observation 6: The coverage limited UE doesn’t benefit much from DRX. 

Proposal 2: Whether DRX needs to be supported by coverage limited UE needs to be considered in RAN2.  

SR
“For PUCCH format 1a, simulation results show 50~ 100 times repetition is needed for FDD based on different BLER target [1]“. Since HARQ acknowledgement, CSI can be transmitted through PUSCH, what needs to be considered is D-SR transmission. If PUCCH repetitions are performed, it will endure a long time from SR triggering to UL radio resources granting. Furthermore, the maximum transmission number of D-SR needs to be extended to accommodate the large number of repetitions. So that RA procedure will not be triggered frequently.

In Release 9, SR prohibit timer is introduced to prevent transmission of another SR within a short time period, considering the delay between SR transmission and uplink resource allocation. The UE is not allowed to transmit SR while the prohibit timer is running. For coverage limited UE, since repetitions of SR is required to improve the coverage, the SR prohibit mechanism should be disabled. So that SR can be transmitted continuously, e.g. multiple TTIs are bundled together. 

Observation 7: The maximum transmission number of D-SR should accommodate the large number of repetitions and current mechanism of SR prohibit makes the SR repetition impossible. 

Proposal 3: Scheduling Request for coverage limited UE should be considered in RAN2.  

MAC CE on PDSCH and PUSCH

Since both the DL and UL MAC CEs can’t be received timely, the impact to the corresponding functionality needs to be evaluated. For example, the time alignment time also needs to be set to a large value i.e. infinite to guarantee that the TA MAC can be received before UE is out of UL synchronization.  For BSR reporting, considering it will take a long time before BSR is successfully decoded by the eNB, it is very likely that the buffer status of the UE has already changed and reported BSR is outdated. However, it isn’t considered as a problem for normal UEs, no mention that the traffic type for the coverage limited UE is characterized by low data rate and great delay tolerance. The corresponding timer controlling BSR reporting should be set to a large value to accommodate the latency. For the UEs in the extreme coverage, the MTC UE will always perform UL transmission with maximum transmission power, so it is questionable whether reporting PHR is useful.  

Observation 8: The latency of BSR reporting for coverage limited UE is not concerned. 

Observation 9; There is no benefit for coverage limited UE to report PHR.  

Proposal 4: All the timers controlling the functionality in MAC layer, e.g. UL time alignment and BSR reporting needs to be set to a large value and the length of those timers may also need to be extended. 

Proposal 5: Reporting PHR should be disabled for coverage limited UE. 

Paging

Paging message intended for coverage limited UE also needs to be repeated hundreds of times. The paging occasion of only one subframe in a paging periodicity is not applicable for coverage limited UE. How to enhance the paging coverage also needs to be considered. It is possible that hundreds of subframes are bundled together and considered as a paging occasion for coverage limited UE. Therefore, the formula for paging occasion calculation specified in 36.304 needs to be re-formulated for coverage limited UE. 

Observation 10: The formula for paging occasion calculation doesn’t work for coverage limited UE. 

Proposal 6: How to page coverage limited UE needs to be discussed in RAN2. 

3 Conclusion
RAN2 impacts due to coverage enhancement on other physical channels, i.e. PRACH, PDSCH, PDCCH, PUCCH and PUSCH, is discussed, and following observations are made:

Observation 1: The dedicated resource, the number of repetitions and the starting subframe may need to be configured by RRC.

Observation 2: The coverage status need to be taken into consideration when perform random access resource selection. 

Observation 3: Without the dedicated PRACH resource specific for coverage limited UE, the coverage of RAR can’t be guaranteed. 

Observation 4: The time duration between preamble transmission and reception of RAR as well as the RAR window needs to be extended for coverage limited UE. 

Observation 5: Contention resolution timer should be extended to accommodate the repetitions of Msg 4, and additionally the repetitions of PDCCH addressed to Temporary CRNTI for DL assignment of Msg4 in the case of initial access and re-establishment. 

Observation 6: The coverage limited UE doesn’t benefit much from DRX. 

Observation 7: The maximum transmission number of D-SR should accommodate the large number of repetitions and current mechanism of SR prohibit makes the SR repetition impossible. 

Observation 8: The latency of BSR reporting for coverage limited UE is not concerned. 

Observation 9; There is no benefit for coverage limited UE to report PHR.  

Observation 10: The formula for paging occasion calculation doesn’t work for coverage limited UE. 

We kindly ask RAN2 to take the observation into account when considering the impacts due to coverage enhancement on those physical channels, and propose:

Proposal 1: Random access procedure for coverage limited UE needs to be discussed in RAN2, especially the timing relationship between different Msgs. 

Proposal 2: Whether DRX needs to be supported by coverage limited UE needs to be considered in RAN2.  
Proposal 3: Scheduling Request for coverage limited UE should be considered in RAN2.  

Proposal 4: All the timers controlling the functionality in MAC layer, e.g. UL time alignment and BSR reporting needs to be set to a large value and the length of those timers may also need to be extended. 

Proposal 5: Reporting PHR should be disabled for coverage limited UE. 

Proposal 6: How to page coverage limited UE needs to be discussed in RAN2. 
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