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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. This contribution discusses design considerations and directions for coverage enhancement of MTC UEs.
2 Target coverage enhancement level
According to WID, a relative LTE coverage enhancement is targeted for a new UE category/type for low-cost operation and other delay-tolerant MTC UEs [1]. The target enhanced coverage is 15 dB for FDD with respect to their nominal coverage. 
Then, at first, the meaning of nominal coverage needs to be clarified. During the discussion of Rel-12 MTC UEs, there was an agreement that a UE using 1 Rx antenna would have 4 dB coverage loss as follows,
· For the purpose of investigating the required coverage enhancements, coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB
· Can also consider 4dB loss for other downlink channels when needed
The agreement was made to compensate the coverage loss by reducing two Rx/RF chains to single Rx/RF chain. Given that Rel-13 MTC UEs are based on Cat-0 UE, whether further consideration on 4 dB loss caused by single Rx/RF chain is needed should be further clarified. Considering the complexity associated with increasing the level of coverage enhancement requirement, unless clear benefits are shown, the target of maximum coverage enhancement in both downlink and uplink should be limited to 15 dB at least for FDD. Therefore, compared to a normal UE with two Rx/RF chains, a new UE category/type with coverage enhancement (CE) capability might support about 11 dB coverage enhancement in downlink.

Another consideration related to maximum coverage enhancement level could be a new UE category/type with reduced uplink transmission power. If uplink transmission power is reduced for a new UE category/type, the imbalance between downlink and uplink coverage becomes more severe. With transmission power reduction, there could be different coverage enhancement scenarios occurred as below.

· A MTC UE needs CE for both downlink and uplink

· Maximum CE level in downlink and uplink can be different

· A MTC UE needs CE only for uplink

· Due to power reduction, CE for uplink is needed whereas CE for downlink is not necessary

· A MTC UE does not need CE for either downlink or uplink

· A MTC UE can operate without supporting CE
In terms of the first case, there can be a question whether this uplink coverage loss caused by reduced uplink transmission power needs to be considered for a new UE category/type with reduced transmission power, in addition to 15 dB coverage enhancement. Since uplink coverage is generally worse than downlink coverage in terms of MCL (and thus it may require more redundant transmission compared to downlink transmission), increase of the maximum coverage enhancement level adds considerable burden on UE power consumption and latency. According to the study [2], to save some cost, power reduction more than 10 dB is needed. If 10 dB reduction is added as additional requirement, a UE needs to support up to 25 dB coverage enhancement, which could require significant number of repetitions. As the motivation of transmit power reduction is to save the power, it seems contradicting each other that a UE with transmit power reduction performs coverage enhancement. As mentioned in our companion contribution [3], we think that power reduction feature can be an optional capability. In general, a UE requires coverage enhancement in our view might not operate with transmit power reduction. In that sense, to determine the coverage enhancement target for a new UE category/type, additional compensation on the coverage loss caused by reduced uplink transmission power may not increase the CE target.
Proposal 1: The maximum coverage enhancement level is targeted as 15 dB for FDD (FFS for TDD) regardless of single Rx/RF chain and transmit power reduction capability.
Proposal 2: A case where only uplink coverage enhancement is needed or different level of coverage enhancement in downlink and uplink should be considered to support transmit power reduced UEs.
3 Design considerations 
In this section, we discuss some design considerations to enhance the coverage of MTC UEs. There are some considerable points to design the operation of coverage enhanced MTC UEs, and we propose technical directions which can reflect these design considerations.
· UE complexity
Especially for a new UE category/type for low-cost, reducing UE complexity would be beneficial. Transmission or reception of multiple channels simultaneously would increase the UE complexity, so multiplexing of channels needs to be minimized. For example, reception of cell-common PDSCH and UE-specific PDSCH in a same subframe might be not required to a MTC UE with coverage enhancement. We consider the common design between a new UE category/type without CE and with CE is desirable. Given that a new design for a new UE category/type even without CE is needed, common design of a new UE category/type as a special case of coverage enhancement (e.g., CE level = 0dB) can be considered. In that sense, for low complexity operation without CE, a UE might not be required to support simultaneous reception of multiple channels if it is decided for coverage enhancement operation.
· Tx/Rx time reduction
For power consumption reduction for a new UE category/type, reducing transmission/reception time would be necessary. Moreover, for a new UE category/type requires enhanced coverage, repetition of channels for multiple subframes can be a critical problem for power saving. Therefore, we should consider transmission/reception time reduction (i.e., reduce the number of TTIs used for Tx/Rx) for coverage enhancement.
Control overhead reduction, channel elimination, and new channel design would be some means to reduce UE Tx/Rx TTIs. Then, for instance, reduction of contents size for (E)PDCCH such that smaller number of subframes are needed to meet the target CE level could be worthwhile to consider.

To reduce UE Tx/Rx TTIs, the number of repetitions over multiple subframes should be minimized. One way to accomplish this could be maximizing the resource in a subframe for signals/channels transmission. As an example, a UE could consume less power for PDSCH reception, if the PDSCH is transmitted via 6 RBs over 5 subframes, rather than the PDSCH transmitted via 1 RB over 30 subframes when the same data amount is assumed. For the same reason, in the case of the new UE category/type with reduced bandwidth, control channel reception over the entire OFDM symbols via EPDCCH could be more beneficial than reception via PDCCH which uses only a few OFDM symbols.
As the same principle above, to minimize UE Tx/Rx TTI, UE multiplexing in time-domain would be desirable where UEs can go back to sleep while not being serviced. Time-domain multiplexing and frequency-domain multiplexing can serve same amount of UEs, but Tx/Rx TTI for a UE would be shorter when time-domain multiplexing is applied. 
Applying multiple repetition levels for coverage enhancement would be another method, since it can reduce the unnecessary transmission and reception for a UE. 
However, it is also notable that a MTC UE requires coverage enhancement via repetition anyway consumes considerable power. Also, as discussed in our companion contribution [4], the power saving mostly comes from the state when a UE is in OFF mode. Therefore, it might be more important to increase the sleep duration rather than reducing Tx/Rx TTIs during one wake-up. In that sense, unless significant benefits with redesign of signals/channels are shown, we should aim to reuse existing signals/channels as much as possible. In that regards, some Rel-12 agreements can be used for Rel-13 work. However, considering an introducing of separate control channel for a new UE category/type and a new feature of transmission power reduction, repetition options for PBCH and PRACH might need to be revisited.
Proposal 3: Focus on reducing the number of subframes used for Tx/Rx for coverage enhancement to save power consumption starting with existing signals/channels. 

Observation 1: Revisiting at least on PBCH repetition options and PRACH multiplexing of Rel-12 agreements seems necessary. 
4 Initial access for a coverage enhanced MTC UE
This section overviews the initial access procedure for a coverage enhanced MTC UE. From the power consumption reduction perspective, it seems desirable to reduce the overall latency of initial access. In terms of necessary signals to read for cell access, there is not much room to reduce.
The first step to access a cell is synchronization and cell detection. For PSS/SSS, as discussed in Rel-12, longer acquisition time can be considered with reusing legacy PSS/SSS. Considering spectral efficiency degradation and complexity, it could be enough to provide longer acquisition time compared to legacy UEs.
For the next step, MIB detection, PBCH can be repeated intermittently based on Rel-12 work item agreements. But if power saving for PBCH reception is needed, introduction of a new PBCH for coverage enhanced MTC UEs can be considered. Also, an indication mechanism to inform the location of intermittent PBCH repetition to minimize UE blind search can be considered for power consumption reduction.
Regarding the next step of SIB detection, some consideration to minimize the number of SIBs that a UE needs to read before a cell access can be further considered (e.g., combining SIB1 and 2), yet this needs to be further studied with potential power saving benefits. One instance of a new SIB can be repeated continuously where the interval between instances can be large. And, the location of SIB can be predetermined or indicated by a new PBCH.

To support downlink and uplink coverage enhancement requiring UEs, the network needs to provide repeated transmission of system information as well as repeated RAR. As discussed previously, to support uplink only coverage enhancement for a new UE category/type with transmit power reduction, it is also considerable that the network might provide repetitions to only uplink signals whereas downlink signals might not be repeated. Thus, a mechanism could be required to separate MTC UEs via RACH procedure among normal coverage MTC UE in both downlink and uplink, normal coverage MTC UE in downlink but requiring CE in uplink, and CE requiring MTC UEs in both uplink and downlink. Depending on its type (as well as the coverage enhancement level), the required number of repetitions and the successive procedure could be different. One example is to separate PRACH resource (in terms of TDM, FDM or CDM) among those UE types.
To allow efficient operation, multiple PRACH coverage enhancement levels as agreed in Rel-12 can be considered. However, whether CDM among legacy UEs and UEs with a new category/type is allowed needs further consideration, given that a new UE category/type might have reduced transmit power which might further increase the received power at the eNB.
Coverage enhancements are targeted for both Rel-13 MTC UEs and other MTC UEs. To support low complexity UEs, there would be new channels/signals such as MTC-PDCCH, new SIB, new PBCH, etc will be introduced, which need to be repeated to support coverage enhancements. From operation perspective, to support both UEs with CE could be a big burden unless signals related to initial access can be shared. Moreover, the commonality between two CE designs (for Rel-13 UEs and other MTC UEs) should be desirable. In that regards, we think that initial access procedure for Rel-13 MTC UEs can be considered first with higher priority.  If feasible, apply the same initial procedure to other MTC UEs. If necessary, some modification can be further considered. 
Proposal 4: Focus on coverage enhancement for Rel-13 low-complexity MTC UEs first, then consider to apply the same procedure to MTC UEs supporting wide-band. 

Proposal 5: Consider different types of coverage enhancement requirements in terms of uplink/downlink and the required repetition levels.  

Proposal 6: Focus on TDM and FDM to differentiate Rel-13 low-complexity MTC UEs with CE from legacy UEs. CDM might be considered if significant benefits are shown. 

Proposal 7: Confirm the following agreements from Rel-12.

Agreement:
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· Multiple PRACH repetition levels are supported

5 Conclusion 
In this contribution, we discussed some design considerations and provided directions for coverage enhancement of MTC UEs. Based on the discussion, we obtained following observation and proposals,

Observation 1: Revisiting at least on PBCH repetition options and PRACH multiplexing of Rel-12 agreements seems necessary. 
Proposal 1: The maximum coverage enhancement level is targeted as 15 dB for FDD (FFS for TDD) regardless of single Rx/RF chain and transmit power reduction capability.

Proposal 2: A case where only uplink coverage enhancement is needed or different level of coverage enhancement in downlink and uplink should be considered to support transmit power reduced UEs.
Proposal 3: Focus on reducing the number of subframes used for Tx/Rx for coverage enhancement to save power consumption starting with existing signals/channels. 

Proposal 4: Focus on coverage enhancement for Rel-13 low-complexity MTC UEs first, then consider to apply the same procedure to MTC UEs supporting wide-band. 

Proposal 5: Consider different types of coverage enhancement requirements in terms of uplink/downlink and the required repetition levels.  

Proposal 6: Focus on TDM and FDM to differentiate Rel-13 low-complexity MTC UEs with CE from legacy UEs. CDM might be considered if significant benefits are shown. 

Proposal 7: Confirm the following agreements from Rel-12.

Agreement:
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· Multiple PRACH repetition levels are supported
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