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1 Introduction

A WID for the operating objectives of low cost UEs in Rel-13 was approved in [1]. Among the objectives listed in the WID is the enhancement is coverage for low cost UEs by [15] dB. This contribution considers the effects of the operational characteristics for Rel-13 low cost UEs on the Coverage Enhancement (CE) requirements and power consumption regarding SCH/PBCH receptions and PRACH transmission. 
2 SCH, PBCH, RA Preamble for Rel-13 Low Cost UEs
For the transmission of SCH/PBCH/PRACH, there is little or no difference between the Rel-12 low cost UE operation and the Rel-13 low cost UE operation. Also, UE power consumption was at least an implicit consideration during the Rel-12 discussions for coverage enhancements. 

In general, when a UE is in active mode, most of its power consumption is for signal transmissions rather than for signal receptions. For low cost Rel-13 UEs, this becomes even more prominent due to the reduction in reception bandwidth (only a maximum of 6 RBs need to be processed for channel estimation/measurements and data TB sizes are already small). Therefore, optimizations in small reductions in reception time for SCH or PBCH are unlikely to have any meaningful impact on UE power consumption while they may cause unnecessary additional complexity to the eNB and further increase design differences between Rel-13 low cost UEs and Category 1 UEs.  

PSS/SSS

For PSS/SSS, there is no change in the operational characteristics of Rel-13 low cost UEs relative to the ones of Rel-12 low cost UEs. In [2], it is shown that for a 2x1 antenna configuration and for 15 dB coverage enhancement (CE), the acquisition time can be in about 0.5 sec for the EPA channel in low mobility and including modeling of frequency errors (note that [3] considers 20 dB coverage enhancement and a 2x2 antenna configuration which is not consistent with Rel-13 WID [1]). Obviously, for UEs that do not require a 15 dB CE level, or for PSD boosting, or for channels that are somewhat frequency selective, the PSS/SSS acquisition time will be substantially smaller than 0.5 sec. Therefore, the impact on UE power consumption for PSS/SSS acquisition is minimal especially since re-acquisitions can be much faster than the initial acquisition. 

Proposal 1: The Rel-8 PSS/SSS design is re-used for Rel-13 low cost UEs.   
PBCH

MIB Contents

For Rel-13 low cost UEs operating in normal coverage mode and regardless of the UL/DL system bandwidth, it is possible to modify the contents of the MIB as several fields may not be needed. However, given that a PBCH already exists for Rel-12 UEs, unless additional fields need to be added to the legacy MIB for Rel-13 low cost UEs, the legacy PBCH/MIB can be re-used (and can be re-used by non-coverage limited low cost UEs).

For Rel-13 low cost UEs operating in CE mode, it can be considered to remove redundant fields in the legacy MIB to improve coverage. In addition to the 3 bits related to the PHICH configuration, it may be possible to also remove the 3 bits providing the DL system bandwidth information as it may not be needed for initial access by Rel-13 low cost UEs that are capable to receive only in 6 RBs. This assumes that SIB is transmitted in the middle 6 RBs of the DL system bandwidth and its location does not need to be indicated, implicitly or explicitly, by the MIB taking into account the DL system bandwidth. This also assumes that for CE UEs (not low-complexity ones) that can receive in the whole of the DL system bandwidth, the same SIB as for Rel-13 low cost UEs can be used. However, this can be problematic as it will not allow frequency hopping of SIB repetitions [4].
If redundant bits are removed from the MIB in the PBCH that is transmitted with repetitions, combining of the repetitions with the legacy PBCH transmission is not possible. This can be a net negative in case a small CE level, such as 5 dB, is needed in a cell (number of repetitions, if any, is small). Conversely, if a large CE level, such as 15 dB, is needed in a cell, a relatively large number of repetitions is required to avoid a long MIB detection time and conserve UE power. It is then preferable to minimize the information conveyed by the MIB. As the benefit of combining the conventional PBCH with PBCH repetitions exists only for small CE levels and the challenge is to support the larger CE levels, and as in principle unnecessary information should not be included in a signal, unnecessary contents should be removed from the MIB in the PBCH that is transmitted with repetitions for coverage limited UEs (despite the likelihood that most cells will not require the maximum CE level).   

Proposal 2: The MIB in the PBCH transmitted with repetitions for Rel-13 low cost UEs should not contain unnecessary information. 

From the remaining information provided by PBCH, the number of CRS antenna ports needs to be maintained as the Rel-13 low cost UE should be able to use the CRS to detect the SIB. It is fundamentally possible for a Rel-13 low cost UE to attempt SIB detection for each of the three hypotheses regarding the number of CRS antenna ports but this will increase complexity and buffering requirements especially when the SIB needs to be transmitted with repetitions. 
The SFN also needs to be provided in order to determine the frames where the SIB is transmitted (assuming the legacy principle of transmitting SIB1 every 8 frames starting from SFN#0 is maintained). However, the UE can also blindly attempt to detect the SIB but this can be problematic especially in case the SIB is transmitted with repetitions. 
Proposal 3: For Rel-13 low UEs, the MIB/PBCH needs to provide at least the SFN, the DL bandwidth, and the number of CRS antenna ports. 

PBCH Transmission with Repetitions
PBCH transmissions with repetitions need to provide a balance in terms of overhead and time required for detection. It is preferable to enable a network to choose how to transmit BPCH with repetitions, taking into account the CE needs in its cells, the time of the day, etc. This can include transmitting repetitions in all applicable DL subframes (depending on FDD or TDD), for example in off-peak hours, or intermittently transmitting PBCH repetitions, for example when the network operates near or at capacity. Therefore, intermittent PBCH transmissions can include “always on” PBCH transmissions if a network so chooses.
UE power consumption is not an issue. For example, an intermittent PBCH transmission with a period of 1 second and a sufficient number of repetitions that ensure a large probability for MIB detection, can result to an average detection time of 0.5 seconds. Even larger periodicities can be allowed for a network.
Regarding having dynamic on/off of PBCH transmissions with repetitions or using an on/off pattern, there is no difference from the perspective of the Rel-13 low cost UE operation. From an overall network perspective, there can be some benefit in using patterns as this can facilitate coordination among different eNBs in case power boosting is also used. If an intermittent transmission of PBCH with repetitions is used, it is preferable to transmit the repetitions in more than one SF per frame. Also, all available REs in a subframe should be used for repetitions of a PBCH transmission (no need to restrict number of repetitions to be an integer number per subframe as left-over REs can be in different OFDM symbols and cannot be practically used for other transmissions or for power boosting).  

Regarding the effect of CSI-RS on the mapping of PBCH repetitions (and of SIB/aging repetitions), there is no need (and is actually detrimental) for the network to avoid all possible CSI-RS configurations. The network can choose either to puncture CSI-RS REs to transmit PBCH or, more likely, to puncture PBCH (or SIB) REs to transmit CSI-RS. As a low cost UE operating with CE experiences very low SINR per RE and as the effective PBCH code rate is very low (due to repetitions) and the modulation is QPSK, no problem is fundamentally expected from puncturing PBCH (or SIB/paging) REs to transmit CSI-RS (e.g. also based on the Rel-10 evaluations on the impact of CSI-RS on Rel-8 UEs) and no specification impact is identified. As a side note, Rel-13 low cost UE operating in CE mode is not expected to use CSI-RS and the Rel-12 specification that a UE shall not assume existence of CSI-RS in subframes with SIB1/paging transmission is irrelevant (it was also intended for single repetition of a SIB1/paging transmission and is not applicable to multiple repetitions).
Proposal 4: MIB/PBCH transmission with repetitions can be intermittent and includes more than one subframe per frame. PBCH is mapped to all available subframe REs and includes REs of possible CSI-RS configurations.
RA Preamble

Multiplexing

Similar to PSS/SSS, there is no change in the operation of Rel-13 low cost UEs relative to the operation of Rel-12 low cost UEs regarding the RA preamble transmission. After SIB detection, a low cost UE can determine the 6 RBs in the UL system bandwidth where it can transmit the RA preamble according to a selected CE level. Different sets of 6 RBs can be associated with different CE levels. FDM should be used among sets of 6 RBs for different CE levels to avoid near-far effects. CDM can be used within each set of 6 RBs for a given CE level. Use of TDM is FFS – it can enable support of multiple CE levels in small system bandwidths but can complicate operation in TDD systems.
Proposal 5: Different sets of RBs are associated with RA preamble transmissions corresponding to different CE levels. Within each set of RBs, RA preambles are multiplexed using CDM.

Resource Determination

In theory, a UE can determine its CE level from path-loss measurements. However, for very low SINRs (e.g. below -10 dB) errors in path-loss measurements are large and are further compounded by measurement errors due to RF non-idealities (even for Category 1 UEs with 2 Rx antennas).  For this reason, a low cost UE can be allowed to choose the CE level without relying on the path-loss measurement (e.g. choose the largest or smallest CE level). As this only affects RA preamble transmission prior to RRC connection (CE level can be configured by the network after RRC connection) and as minimal differences fundamentally exist among possible approaches for determining a CE level for initial RA preamble transmission, the choice can be left to UE implementation (specification necessity is not warranted). A MAC RAR PDU can multiplex individual RARs for RA preambles at different CE levels and a low cost UE can stop reception once it has detected the MAC RAR PDU. A CE level for the Msg3 transmission can be informed to the low cost UE as part of the resource allocation in the UL grant of the RAR message.
If a UE does not detect a RAR in response to a RA preamble transmission, it can continue with RA preamble transmission at the next CE level, if any, after a number of configured RA preamble transmission attempts at a current CE level.
Proposal 6: A low cost UE without RRC connection can choose the CE level for RA preamble transmission by implementation means. A low cost UE with RRC connection follows the CE level for RA preamble transmission as configured by the network.

Means for Reducing Number of RA preamble Repetitions
Frequency hopping should be supported for all UL transmissions as it can provide substantial gains [5] and this includes the RA preamble and Msg3. Relaxed RA preamble miss probability should be supported but this can be left to network implementation through the number of RA preamble repetitions configured for each CE level. 
Proposal 7: Frequency hopping is supported for repetitions of a RA preamble (and Msg3) transmission. Relaxed missed probability can be supported by network implementation.

3 Conclusions

This contribution considered aspects related to PSS/SSS, PBCH, and RA preamble transmissions for Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: The Rel-8 PSS/SSS design is re-used for Rel-13 low cost UEs.   
Proposal 2: The MIB in the PBCH transmitted with repetitions for Rel-13 low cost UEs should not contain unnecessary information. 

Proposal 3: For Rel-13 low UEs, the MIB/PBCH needs to provide at least the SFN, the DL bandwidth, and the number of CRS antenna ports. 

Proposal 4: MIB/PBCH transmission with repetitions is intermittent and includes more than one subframe per frame. PBCH is mapped to all available REs in a subframe and includes REs of possible CSI-RS configurations.
Proposal 5: Different sets of RBs are associated with RA preamble transmissions corresponding to different CE levels. Within each set of RBs, RA preambles are multiplexed using CDM.

Proposal 6: A low cost UE without RRC connection can choose the CE level for RA preamble transmission by implementation means. A low cost UE with RRC connection follows the CE level for RA preamble transmission as configured by the network.

Proposal 7: Frequency hopping is supported for repetitions of a RA preamble (and Msg3) transmission. Relaxed missed probability can be supported by network implementation.
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