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1 Introduction
In this contribution, we discuss issues related to support of enhanced coverage for MTC and regular UEs.

As mentioned in both WID and RAN1 LS, coverage enhancement should be an optional feature for Category 1 to 8 UEs. However, it is not clear if the feature should also be optional or mandatory for Category 0 UE. Discussion on this issue has taken place in RAN1 and is expected to be finalized in RAN plenary. In any case, RAN2 work should progress on resolving issues related to coverage enhancement for both MTC (Category 0) UE and other UEs.
2 Physical channels with enhanced coverage
Given the target of 15dB coverage improvement for 1 Rx UE, all physical channels should be enhanced to improve coverage. Although RAN1 is still discussing the details of enhancement, a technique primarily utilized to improve coverage is repeated transmission of the physical channels. The basic idea is that by receiving repeated physical channels, energy of the physical channels can be accumulated over time by the UE in order to improve decoding reliability. The target coverage enhancements for each physical channels and an example of the number of repetitions that may be required is given in Table 1.
Table 1: Target coverage enhancements for each physical channels and an example of the number of repetitions required

	Physical channels
	Target coverage enhancements
	# repetitions

	PBCH
	10.7 (FDD) 
(FFS for TDD)
	~10 
(Transmitted only in center 6 PBRs and within 40ms)

(intermittent repetition is considered)

	PDCCH
	13.6dB (FDD)
15dB (TDD)
	~10

	PDSCH
	14.3dB (FDD)
13.8dB (TDD)
	~5

	PUSCH
	15dB (FDD)
10.5dB (TDD)
	2-3 repetitions of quadruplet of subframes

	PUCCH
	8.5
	~8 – 12

	PRACH
	14dB
	~20 (+ relaxed miss detection requirement (10%))


It is also our understanding that RAN1 assumes the level of coverage enhancement (i.e. the repetition level) can be configured in a UE-specific manner by the network, since the geometry of different UE may be different. 
3 Open issues
3.1 System information transmission
SI transmission is carried in PDSCH which may need to be enhanced via repetition to improve coverage. Repetition introduces broadcast signaling overhead and initial access delay. RAN1 has already begun to consider the possibility streamlining the legacy SIBs and even designing a new SIB(s) that only contains the essential system information for UEs using enhanced coverage mode. However, before considering any new SIB structure for such UEs, there is a need to discuss which of the content of existing SIBs are relevant and which are not for UE using enhanced coverage mode based on foreseen use cases and applications. In particular, as mentioned in RAN1 LS, “Enhanced coverage mode” is only intended for scenarios when a UE is only required to operate “delay tolerant” MTC applications. 
In generally, there is a need to consider the SIBs needed for UE not using coverage enhancement mode and UE using coverage enhancement mode separately. This is because potential SI transmission overhead (in the form of repetition) required to support coverage enhancement can be significant. A brief analysis assuming UEs using coverage enhancement mode is given below. Further discussion on UE not using coverage enhancement mode can be found in [4].
SIB2
Since SIB2 contains essential system information, it is clearly needed.

SIB3/4/5

SIB3/4/5 are needed for cell reselection. For UEs using coverage enhancement mode, RAN1 assumes close to stationary UEs [2]. However, channel condition may change due to the UE being relocated or cells where a UE is camping on may be turned on or off at different time of the day (e.g. small cells). In addition, the network may also perform load shifting of UEs. Without SIB3/4/5, the UE can only rely on cell selection procedure which increases UE power consumption due to potentially long scanning. Therefore, it would be desirable to support cell reselection. 
SIB6/7/8

SIB6/7/8 are needed for inter-RAT cell reselection. One of the main purposes for introducing MTC for LTE is to reduce the number of RATs that the network operators need to maintain in order to achieve network cost reduction. Hence, SIB6/7/8 are assumed not needed for UE using coverage enhancement mode.
SIB9
SIB9 contains the HeNB name. An MTC device may be installed at home, and SIB9 can be used to show the HeNB name, e.g. to a user installing the MTC device. Since it is not strictly essential, SIB9 may not need to be coverage enhanced. Note that this doesn’t mean UE using enhanced coverage mode cannot attempt to decode the legacy SIB9.
SIB10/11/12

SIB10 and SIB11/12 are needed for ETWS and CMAS notification, respectively, which is not part of the use cases for a delay tolerant MTC device. 
SIB13/15
SIB13 is needed for MCH support and SIB15 is needed for MBMS service continuity. UEs requiring coverage enhancement would not be able to receive the legacy PMCH reliably. However, coverage enhancement for PMCH seems beyond the scope of the WI, since it was not studied during the SI phase and the WI stated that only physical channels studied in the SI phase are considered for enhancement. Hence, SIB13 and SIB15 are not needed for UEs using enhanced coverage mode.

SIB14

SIB14 contains EAB parameters. As MTC is mainly for delay tolerant applications, SIB14 should be received by UEs using enhanced coverage mode.
SIB16

SIB16 contains timing information related to GPS and Coordinated Universal Time. This could be useful for applications requiring accurate timing information. However, it is not strictly essential, hence SIB16 may be assumed not needed for UE using enhanced coverage mode.
In general, for SIBs that are identified as essential for UEs using coverage enhancement mode, they should be coverage enhanced so that the UEs concerned can receive them reliably. However, in our understanding, UE may not need to be prohibited to try to receive the other SIBs if it wishes to.
Proposal 1: The following SIBs are supported for UEs using coverage enhancement mode: SIB2, SIB3, SIB4, SIB5, SIB14, in the sense that coverage enhancement is introduced for the SIBs concerned. Coverage enhancements for the other SIBs are FFS.
3.2 Handover support
UEs using enhanced coverage mode is said to be almost stationary, hence it can be argued that handover support is not needed for UE using enhanced coverage mode. However, for the same reason that cell reselection should be supported for these UEs, it is not possible to say handover event will never happen in practice. From the complexity and cost reduction standpoint, there seems no strong justification to remove handover support for such UEs. Due to the need to repeat DL and UL transmissions, handover delay can be very long which increases the risk of handover failure. Nevertheless, not all handover events will fail and for those that do fail, RRC reestablishment procedure can be initiated. Therefore, unless major issue is identified, handover should be supported for UEs using enhanced coverage mode with a relaxed requirement on handover failure rate.
Proposal 2: There seems no need to preclude support for handover for UEs using enhanced coverage mode from complexity and cost reduction standpoint. Unless major issue is identified, handover should be supported for UEs using enhanced coverage mode with a relaxed requirement on handover failure rate.
3.3 Others issues
Other open issues include (but not limited to)
· Paging support for UEs using coverage enhancement mode
· Initial access and subsequent access procedure for UEs using coverage enhancement mode 
· General timing issue as a result of physical channel repetitions, e.g. HARQ timing, RACH timing, TA timing. 
· DRX operations for UEs using coverage enhancement mode
The above issues are FFS.
Proposal 3: Other issues such as paging support, initial access and subsequent access behavior, timing, and DRX operations are FFS.
4 Conclusions
In this contribution, we presented our views on enhanced coverage mode for LTE and our proposals are as follows.
Proposal 1: The following SIBs are supported for UEs using coverage enhancement mode: SIB2, SIB3, SIB4, SIB5, SIB14, in the sense that coverage enhancement is introduced for the SIBs concerned. Coverage enhancements for the other SIBs are FFS.

Proposal 2: There seems no need to preclude support for handover for UEs using enhanced coverage mode from complexity and cost reduction standpoint. Unless major issue is identified, handover should be supported for UEs using enhanced coverage mode with a relaxed requirement on handover failure rate.
Proposal 3: Other issues such as paging support, initial access and subsequent access behavior, timing, and DRX operations are FFS.
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