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1 Introduction
Coverage enhancement compared to existing LTE networks is one of the objectives in the WI “Further LTE Physical Layer Enhancements for MTC” [1]. In the last RAN1 meeting, it was agreed to set the target MCL for coverage enhancement to 155.7dB for Rel-13 low complexity UEs and non Rel-13 low complexity UEs (non-MTC Rel-13 UEs) [2].

In this contribution, we will discuss whether coverage enhancement is capability of UEs and whether the capability is mandatory. The techniques for providing coverage enhancement to non-MTC Rel-13 UEs supporting delay tolerant MTC applications will also be discussed.
2 Discussion on capability of coverage enhancement
According to the WID [1] , coverage enhancement should be a capability for Rel-13 low complexity UEs and non-MTC Rel-13 UEs. 
For non-MTC Rel-13 UEs, they will support some high data rate services, and delay sensitive services such as VoIP, etc. Coverage enhancement techniques are not suitable to the delay sensitive services since they will bring much delay for the data transmission. However, optional support of coverage enhancement would have some benefits when non-MTC UEs are used for delay tolerant MTC applications as an example.
Rel-13 low complexity UEs would be used for some MTC applications with delay tolerant characteristic. Even though not all Rel-13 low complexity UEs are deployed in challenging locations, e.g. deep inside buildings, with consequent great penetration loss, coverage enhancement will also be needed for these low complexity UEs to compensate for performance loss caused by complexity reduction techniques, such as 1RX and narrow bandwidth operation. 
Proposal 1: Support for coverage enhancement should be mandatory for Rel-13 low-complexity UEs. 
The support of CE may be a combination of various upgrades introduced by Rel-13, such as repetition and other techniques currently being considered such as frequency hopping, new RS patterns, etc., differently for different physical channels. Further discussion is needed on what techniques actually make up the CE feature and how those parts are mandatory/optional for a UE supporting CE.
3 Supporting MTC for non-MTC Rel-13 UEs
The WID has the following design objective for non-MTC Rel-13 UEs to support MTC with coverage enhancement [1]:
· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

This section will analyze the coverage enhancement techniques for non-MTC Rel-13 UEs.  And whether it is possible for non-MTC  Rel-13 UEs to mimic some of the behaviours of a Rel-13 low complexity UE to improve the coverage will also be investigated. 
· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)
Transmitting the information to be delivered for multiple times includes bundling, retransmission for data channels, which could be commonly used for all the UE categories in need of coverage enhancement. 
As for non-MTC Rel-13 UEs, the required coverage enhancement is lower than Rel-13 low complexity UEs [3], the information transmission times required to reach the coverage enhancement target would be smaller. Meanwhile, data channels for non-MTC Rel-13 UEs do not need to be scheduled within 6PRBs.
If Rel-13 low complexity UEs have reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes), the HARQ time line design of coverage enhancement for non-MTC Rel-13 UEs should also be based on the reduced physical data channel processing to achieve a common solution.
Observation 1: If Rel-13 low complexity UEs have reduced physical data channel processing, a common solution requires that the HARQ time line design of coverage enhancement for non-MTC Rel-13 UEs is based on the reduced physical data channel processing. 
· Either elimination or repetition techniques for PBCH, PUCCH, PHICH
PBCH related agreements in Rel-12 were agreed to be applied for Rel-13 low-complexity UEs and coverage enhancement UEs in last meeting [2]. As PBCH contains information for all the UEs, the repetition of PBCH should be common for all the UE categories.

PUCCH necessity is discussed in [4], at least ACK/NACK and SR should not be eliminated on PUCCH. The repetition of PUCCH for non-MTC Rel-13 UEs could utilize the same mechanism as current PUCCH repetition with the repetition number extended. However, for Rel-13 low-complexity UEs, PUCCH coverage enhancement should be based on a new designed PUCCH as they cannot transmit the legacy PUCCH due to uplink bandwidth reduction.
Observation 2: The repetition of PUCCH could utilize the same mechanism as current PUCCH repetition with the repetition number extended for non-MTC Rel-13 UEs.
As was agreed, legacy PHICH are not received by Rel-13 low complexity UEs at least for system BW>1.4MHz [2]. For the elimination of legacy PHICH, the ACK/NACK functionality could be realized by the NDI in the DCI or a narrow band PHICH. When Rel-13 low complexity UEs and non-MTC Rel-13 UEs are in need of coverage enhancement, the solutions for PHICH elimination need to be compared with the solutions of repetition by retaining the channels in the aspect of spectral efficiency and power consumption[image: image1.bmp]
· Repetition techniques for PRACH
Repetition techniques for PRACH are applicable for all kinds of Rel-13 UEs’ coverage enhancement. Non-MTC Rel-13 UEs will be able to report their required amount of coverage enhancement if techniques such as those proposed in [3] are adopted.
· Elimination of use of PCFICH
Legacy PCFICH is not received by Rel-13 low complexity UEs at least for system BW>1.4MHz choosing the alternative solutions to get the starting symbol of control/data reception [2]. It is straightforward to apply the chosen alternative for coverage enhancement of Rel-13 low complexity UEs. Non-MTC Rel-13 UEs requiring coverage enhancement could avoid decoding PCFICH for simplification using the same solution.
· Repetition of physical downlink control channel for unicast
Due to the reduced bandwidth characteristic, legacy PDCCH is not received by Rel-13 low complexity UEs at least for system BW>1.4MHz. A new physical downlink control channel is used to transmit DCI for Rel-13 low complexity UEs and UEs in enhanced coverage [2]. It is expected to reuse Rel-11 EPDCCH as much as possible for the new physical downlink control channel for saving specification efforts. However, UE-specific EPDCCH configurations in Rel-11 are obtained by decoding PDSCH that is scheduled by legacy PDCCH, so technically the EPDCCH defined in Rel-11 could be taken as the new control channel as long as the UE-specific EPDCCH configuration could be obtained by another way.

1) Does the new control channel apply to non-MTC Rel-13 UEs? 

As explained above the new control channel includes Rel-11 EPDCCH combined with another manner to obtain UE-specific EPDCCH configuration, so it of course can also be used to schedule data transmission as Rel-11 EPDCCH does. Therefore, the new control channel could be applicable for non-MTC Rel-13 UEs and the repetition technique is usable in coverage extension, although non-MTC Rel-13 UEs could rely on decoding legacy PDCCH or PDCCH repetition for the purpose of getting UE-specific EPDCCH configuration. 

2) Whether legacy PDCCH repetition is needed for non-MTC Rel-13 UEs?

It may not be necessary to restrict non-MTC Rel-13 UEs to only use the new control channel. 

Supporting legacy PDCCH repetitions for non-MTC Rel-13 UEs could relieve the pressure that more resources in PDSCH region will be needed or taken if both Rel-13 low complexity UEs and non-MTC Rel-13 only rely on the new control channel.

When non-MTC Rel-13 UEs are not in need of coverage extension, such UEs work as normal UEs and optionally support EPDCCH depends on capability. When non-MTC Rel-13 UEs not supporting EPDCCH (e.g. operating CRS based transmission mode) need coverage enhancement, they will alter the RS utilized for channel estimation, change the detected channel to the new control channel if no PDCCH repetition defined. That is, CRS based transmission mode could not be coverage enhanced without additionally supporting DMRS when the new control channel is based on DMRS. The impact for UEs operating CRS based transmission mode is larger than just supporting PDCCH repetition. Moreover, in Rel-12, we had made significant progress on PDCCH coverage enhancement, the remaining work may be a little on the basis of that. Hence, non-MTC Rel-13 UEs need to support the legacy PDCCH. 

3) Which to decode if legacy PDCCH and the new control channel are supported?

For a non-MTC Rel-13 UE that supports both control channels, it is relatively simple to have a UE assumption that when both control channels schedule the same PDSCH, they contain the same DCI. It can be up to UE implementation which to decode, whether in coverage extension or not. When they schedule distinct PDSCHs to the same UE, clearly the UE needs to decode both. RAN1 should have some consideration as to whether any further support is required for this type of UE, but anyway PDCCH repetition should have specification support. 

Observation 3: It is not necessary to restrict non-MTC Rel-13 UEs to only use the new control channel. PDCCH repetition needs specification support for non-MTC Rel-13UEs in coverage extension. 

· Resource allocation with cross-subframe scheduling
Cross-subframe scheduling could be commonly designed for all the Rel-13 UEs supporting enhanced coverage for both the new control channel and PDCCH.
· Control channel-less operation
Control channel less operation could be used by Rel-13 low complexity UEs and UEs in enhanced coverage for common messages. It is designed with the aim of reducing power consumption at the cost of losing some scheduling flexibility. For non-MTC Rel-13UEs, although the power consumption is not an objective to be optimized and they can utilize PDCCH CSS, it needs to consider the tradeoff between the resource occupied by control channel and the scheduling gain when they are in need of coverage enhancement.
· New physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs
In the previous meeting, RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements are agreed to be transmitted separately from RAR/Paging messages for other UEs [2]. eNB has knowledge that the UE is a Rel-13 low-complexity UE or non-MTC Rel-13 UEs when sending RAR/Paging. As a consequence, the resources of RAR/Paging for non-MTC Rel-13 UEs don’t need to be confined to the limited bandwidth. 
RAN1 recommends that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage [2]. To avoid sending duplicate SIB(s) for different kind of UEs and saving system overhead, non-MTC Rel-13 UEs in enhanced coverage can use this SIB(s).

Observation 4: It will avoid sending duplicate SIB(s) for different kind of UEs and save system overhead when non-MTC Rel-13 UEs in enhanced coverage use the new SIB(s).
· Increased reference symbol density and frequency hopping techniques
Increased reference symbol density could be commonly designed for Rel-13 low complexity UEs and non-MTC Rel-13 UEs. It needs to evaluate the gain and the additional overhead brought by the technique.
For Rel-13 low complexity UEs with reduced bandwidth, frequency hopping in the reduced bandwidth will get small performance gain because no much frequency diversity could be utilized.  Considering the frequency hopping across the reduced bandwidth, it will bring additional retuning and complexity for the detection of one message and additional delay owning to the retuning time. However for non- MTC Rel-13 UEs, frequency hopping could be designed without considering the additional delay for retuning.
· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

It could be common for Rel-13 low complexity UEs and non-MTC Rel-13 UEs.
The coverage enhancement techniques for Rel-13 low complexity UEs and non-MTC Rel-13 UEs are summarized in Table 1 and Table 2 respectively:
Table 1 Coverage enhancement techniques for Rel-13 low complexity UEs
	Techniques to be defined with first priority
	Techniques FFS

	· Subframe bundling with HARQ for physical data channels
· Repetition techniques for PBCH,PUCCH or narrow band PUCCH,PRACH
· Elimination of use of PCFICH
· Repetition of physical downlink control channel for unicast

· Cross-subframe scheduling
· Control channel-less operation
· new SIB
· separate RAR/Paging from non-MTC UEs

· Increased reference symbol density
· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs
	· Repetition techniques for PHICH or narrow band PHICH
· frequency hopping


Table 2 Coverage enhancement techniques for non- MTC Rel-13 UEs
	Techniques necessary to be  defined
	Techniques for further optimization

	Mimic the behaviours of  a Rel-13 low complexity UE
	· Subframe bundling with HARQ for physical data channels 
· Repetition techniques for PBCH,PRACH
· Elimination of use of PCFICH
· Repetition of physical downlink control channel for unicast

· Cross-subframe scheduling
· Control channel-less operation
· new SIB
· separate RAR/Paging from Rel-13 low complexity UEs

· Increased reference symbol density 
· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs
	· Repetition techniques for PHICH
· Frequency hopping 

	Other techniques 
	· Repetition techniques for PUCCH
· Repetition technique for PDCCH
	· 


As is observed from the tables, most of the coverage enhancement techniques are common for Rel-13 low complexity UEs and non-MTC Rel-13 UEs. 
We propose that: 
Proposal 2: Define coverage enhancement techniques for Rel-13 low complexity UEs with first priority, according to Table 1. Other Rel-13 UEs could mimic some of the behaviors of a Rel-13 low complexity UE, according to Table 2. 

Proposal 3: Define additional PDCCH repetition technique and current PUCCH repetition with the repetition number extended for non-MTC Rel-13 UEs.

Proposal 4: Techniques could be considered for further optimization of coverage enhancement for Rel-13 low complexity and non-MTC UEs according to Tables 1 and 2, such as frequency hopping, etc.
4 Conclusion
The contribution discusses the capability of coverage enhancement and compares the coverage enhancement techniques between Rel-13 low complexity UEs and non-MTC UEs. We have the following observations:

Observation 1: If Rel-13 low complexity UEs have reduced physical data channel processing, a common solution requires that the HARQ time line design of coverage enhancement for non-MTC Rel-13 UEs is based on the reduced physical data channel processing. 

Observation 2: The repetition of PUCCH could utilize the same mechanism as current PUCCH repetition with the repetition number extended for non-MTC Rel-13 UEs.

Observation 3: It is not necessary to restrict non-MTC Rel-13 UEs to only use the new control channel. PDCCH repetition needs specification support for non-MTC Rel-13UEs in coverage extension. 

Observation 4: It will avoid sending duplicate SIB(s) for different kind of UEs and save system overhead when non-MTC Rel-13 UEs in enhanced coverage use the new SIB(s).

Based on the analysis, we propose that:

Proposal 1: Support for coverage enhancement should be mandatory for Rel-13 low-complexity UEs.
Proposal 2: Define coverage enhancement techniques for Rel-13 low complexity UEs with first priority, according to Table 1. Other Rel-13 UEs could mimic some of the behaviors of a Rel-13 low complexity UE, according to Table 2. 

Proposal 3: Define additional PDCCH repetition technique and current PUCCH repetition with the repetition number extended for non-MTC Rel-13 UEs.

Proposal 4: Techniques could be considered for further optimization of coverage enhancement for Rel-13 low complexity and non-MTC UEs according to Tables 1 and 2, such as frequency hopping, etc. 
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