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1 Introduction

During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([1]) was approved.   One objective of this work item is to provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage:
· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimized where possible.
In RAN1 #75 meeting, agreements on (E)PDCCH were achieved as below:

“Agreements:
      For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames.  ”
No consensus had been achieved on “Whether to use the same PDCCH candidate m (including same aggregation level) in each repetition, with similar principle for (E)PDCCH”  during  RAN1 #75 meeting.
Some details of coverage improvement for (E)PDCCH are discussed in this contribution.
2 Coverage improvement for (E)PDCCH
As discussed in TR.36.888 [2], time domain repetition is the most important coverage improvement technique for almost all the physical channels.  Some specification impact is expected for (E)PDCCH.
 (E)PDCCH repetition is used for DL/UL traffic channel scheduling in USS at least. Repetition level, starting sub-frames and blind detection for (E)PDCCH across multi-sub-frames should be studied. 
2.1 Repetition times/level 
Considering 15dB coverage improvement target for FDD and TDD system, coverage target for PDCCH (format 1A, similarly for EPDCCH with similar number of REs) is about 13.6dB (including 4dB coverage loss for 1Rx low cost MTC UEs). Repetition of (E)PDCCH across multiple sub-frames may be required to achieve the coverage improvement target. In order to reduce the repetition times, PSD boosting could be combined with repetition to compensate coverage loss caused by single receive RF chain.
The repetition number for (E)PDCCH may be a fixed value. The benefit of fixed repetition times is simple implementation, though the system efficiency may be reduced. For system to support multiple coverage improvement levels, it is preferable to set repetition number for (E)PDCCH for each coverage improvement level to a fixed value. 
Required repetition number for (E)PDCCH with different coverage improvement levels (according to the evaluation results in [3], only repetition method applied) are shown in Table 1. 
Table 1 Repetition times for (E)PDCCH with different coverage improvement levels

	Coverage improvement target
	PDCCH Coverage improvement gap
	Repetition level index
	Required repetition times for PDCCH

	15dB
	13.6dB
	3
	80

	10dB
	8.6dB
	2
	20

	5dB
	3.6dB
	1
	4


(E)PDCCH may carry common control information and UE specific control information. The repetition times for common control information and for UE specific control information may need to be adjusted separately considering specific performance requirement. The repetition time for UE specific control information could be determined by coverage improvement level of the specific UE, DCI format and the aggregation level of (E)PDCCH. Especially, the coverage improvement level of the specific UE could be determined by PRACH process. As a simple way, the repetition times for common control information could be determined according to the maximum coverage improvement level. Meanwhile, the repetition time for common control information could also be determined according to the type of cell-special information in consideration of spectrum efficiency. For example, the repetition time for system information could be determined according to the maximum coverage improvement level the eNB supported. 
Since coverage enhancement improvement requirement may be changed, adjustment of repetition level should be allowed. Adjustment of repetition level can be realized by DCI or RRC signaling.
Proposal 1:  Repetition times for (E)PDCCH could be determined by the coverage improvement level. Adjustment of repetition level for (E)PDCCH should be allowed.
2.2 Sub-frame resources  for one transmission cycle of (E)PDCCH repetitions
From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames as agreed in RAN1 #75 meeting. There are two alternatives on how to choose the starting sub-frames.

ALT 1: The starting sub-frames of the first transmission for (E)PDCCH repetitions may be restricted with repetition times by formula (k+h*n)%N=0, in which k is the starting sub-frames index, h is available sub-frames number in a frame, n is SFN and N is repetition times of (E)PDCCH (e.g., FDD mode: h=10, N=8; TDD mode with UL-DL sub-frames configuration 1: h=4, N=8).  An example of ALT 1 is shown in Figure 1.  Alt 1 is simple for implementation. The starting sub-frames can be determined by repetition level/times easily. 
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Figure 1 Starting sub-frames of first transmission for (E)PDCCH repetitions – ALT 1
ALT 2: The starting sub-frames of the first transmission for (E)PDCCH repetitions may be restricted with predefined cycle. Only one transmission cycle of (E)PDCCH repetitions can be scheduled in a predefined cycle as restricted by formula (k+h*n)%M=0,  in which k is the starting sub-frames index, h is available sub-frames number in a frame, n is SFN, M is the predefined cycle (e.g., FDD mode: h=10, M=10; TDD mode with UL-DL sub-frames configuration 1: h=4, M=30). This scheme can further reduce the impact to normal UEs. An example of ALT 2 is shown in Figure 2. 
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Figure 2 Starting sub-frame of first transmission for (E)PDCCH repetitions – ALT 2
Sub-frames for one transmission cycle for (E)PDCCH repetitions may also be determined by corresponding traffic channel since common information carried by the traffic channel has fixed location and period.

Proposal 2: Alt 1 is preferable for choose the starting sub-frames of first transmission for (E)PDCCH repetitions.

2.3 Blind detection for (E)PDCCH across multi-sub-frames
The complexity of blind detection for (E)PDCCH across multi-sub-frames will grow exponentially with the number of repetitions as UE will need to check different combinations across multi-sub-frames. Maximum blind detection number for N times (E)PDCCH repetition may be:
· Option 1: Same/similar to maximum blind detection number of single sub-frame

· Option 2: X times of maximum blind detection number of single sub-frame, where X is a fixed value (e.g., X=2)
· Option 3: N times of maximum blind detection number of single sub-frame
Option3 would not be considered because the blind detection complexity is too huge. In order to reduce maximum blind detection number for N times (E)PDCCH repetition, same candidate and limited detection path may be used. Limited detection path would bring more specification work. A simple way to solve this issue is using the same (E)PDCCH candidate (including same aggregation level) for each repetition.

Under coverage improvement scenario, high aggregation level would most likely be used. So the candidate of high aggregation level should be increased in order to reduce blocking rate and schedule more MTC device. Whether the candidate of low aggregation level can be reduced or not depends on available maximum blind detection number of repetition. 
The aggregation levels for N times (E)PDCCH repetition may be listed as below:

Option A): same aggregation levels as for (E)PDCCH under non-coverage improvement scenario

Option B): some low aggregation levels removed compared to aggregation levels for (E)PDCCH under non-coverage improvement scenario
Option C): new higher aggregation level added compared to A or B
For the same maximum blind detection number, more candidates of high aggregation levels in search space could be increased for Option B since it has less aggregation levels than A or C. Option A or C could be more flexibly used when coverage improvement requirement changed since they have more aggregation levels than Option B. Option C may reduce time delay for (E)PDCCH repetition, but it would occupy more CCEs in a sub-frame. In order to reduce maximum blind detection number, compact DCI with same size could be used both in DL grant and UL grant. However, it may bring  UL scheduling  limitation.
For Option 2, X value would depend on time relationship (k) between PDCCH and PDSCH, e.g., X equals to 2 when k =1. If maximum blind detection number is increased, UL timing relation between (E)PDCCH and PUSCH may need further consideration.
From above analysis, increasing more candidates of high aggregation levels, Option A/C, and the compact DCI with different size could be used for option 2. For Option 1, increasing more candidates of high aggregation levels, Option A/B and the compact DCI with same size could be used.
Besides, transmission of RAR, paging and SIB for normal UEs may get complicated if the repetition transmissions of common control information are applied for MTC UEs with coverage improvement requirement. In order to reduce the complexity, either expanding CSS for MTC UEs with coverage improvement requirement or using cell-specific information transmission without corresponding (E)PDCCH could be considered. 
Proposal 3: For blind detection of (E)PDCCH repetition, it is preferable to use maximum blind detection number same as the maximum blind detection number of single sub-frame; if not enough, it can be extended  to X times of maximum blind detection number of single sub-frame,  where X is a fixed  value. 
Proposal 4: Same (E)PDCCH candidate(including same aggregation level) for each repetition should be used and the candidate number of high aggregation levels should be extended.
Proposal 5: The aggregation levels depend on maximum blind detection number.

Proposal 6: Expanding CSS or using cell-specific information transmission without corresponding (E)PDCCH could be considered for MTC UEs with coverage improvement requirement.
2.4 Downlink Control Information 

As discussed in [2], compact DCI format can be considered for coverage compensation. Fields such as “resource block assignment” and “HARQ process number” may be simplified. In order to support the repetition of traffic channels, some fields may be modified to indicate information of repetition times for traffic channels.

In order to reduce DCI Format size, considering the fact that the potential scheduling gain of MTC UEs with coverage improvement requirement is limited, DCI formats for low cost MTC UEs with poor coverage can be restricted to DCI Format 0, 1A or 1C. Predefined distributed frequency location inside the 1.4 MHz for downlink data channel could be used for low cost MTC UE. 

Proposal 7: DCI formats for low cost MTC UEs with poor coverage shall be restricted to DCI Format 0, 1A or 1C with simplified fields. 
2.5 Use of repetitions for Downlink control channel
Repetitions of PDCCH and/or EPDCCH could be considered for coverage improvement of DL control channel. There may be three options:
· Option 1: Only PDCCH repetition
· Option 2: Only EPDCCH repetition
· Option 3: Only PDCCH repetition for initial access, and both PDCCH repetition and EPDCCH repetition can be used for USS for subsequent access
Option 1 is simple for implementation and would not occupy resource for traffic channel. But it may cost more time delay compared to Option 3.  For Option 2, CSS for EPDCCH may be needed and it may introduce some specification work. Meanwhile EPDCCH used in USS would increase overhead since DMRS is used and PRB resources for PDSCH would be occupied. Since PMI is not supported in coverage improvement scenario, the performance based on DMRS of EPDCCH is not well as the performance based on CRS of PDCCH with SFBC. Option 3 may reduce the time delay and the blocking rate of PDCCH in USS transmission while overhead would be higher compared to Option 1. In addition, Option 3 may bring more complexity such as handover between PDCCH repetition and EPDCCH repetition, combination of PDCCH repetition and EPDCCH repetition. 
Proposal 8: PDCCH repetition should be considered as baseline, and whether to support EPDCCH repetition or not is FFS. 
2.6 Other issues
The resource of OFDM symbols for PDCCH repetition in each sub-frame should be confirmed. PCFICH is usually used to indicate the number of OFDM symbols used for PDCCH in non-coverage enhancement scenario. In RAN1 #75 meeting, there is an agreement about PCFICH  as below: 

“  No need for UE to decode PCFICH in coverage enhanced mode.  Not to specify PCFICH repetition.

· FFS on how UE derives CFI”
Functionality of CFI would be replaced by three options as discussed in [4]. On overall consideration of overhead, complexity and flexibility, UE would derive CFI by predefined CFI.

Proposal 9: Functionality of PCFICH could be replaced by predefined CFI.
3 Conclusions
Coverage improvement solutions for (E)PDCCH are discussed in this contribution.  We propose the following:
Proposal 1:  Repetition times for (E)PDCCH could be determined by the coverage improvement level. Adjustment of repetition level for (E)PDCCH should be allowed. 

Proposal 2: Alt 1 is preferable for choose the starting sub-frame of first transmission for (E)PDCCH repetitions.
Proposal 3: For blind detection of (E)PDCCH repetition, it is preferable to use maximum blind detection number same as the maximum blind detection number of single sub-frame; if not enough, it can be extended  to X times of maximum blind detection number of single sub-frame,  where X is a fixed  value. 
Proposal 4: Same (E)PDCCH candidate(including same aggregation level) for each repetition should be used and the candidate number of high aggregation levels should be extended.
Proposal 5: The aggregation levels depend on maximum blind detection number.
Proposal 6: Expanding CSS or using cell-specific information transmission without corresponding (E)PDCCH could be considered for MTC UEs with coverage improvement requirement.
Proposal 7: DCI formats for low cost MTC UEs with poor coverage shall be restricted to DCI Format 0, 1A or 1C with simplified fields. 
Proposal 8: PDCCH repetition should be considered as baseline, and whether to support EPDCCH repetition or not is FFS.
Proposal 9: Functionality of PCFICH could be replaced by predefined CFI.
References

[1] RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE”, Vodafone, RAN #60
[2] 3GPP TR 36.888 V12.0.0, “Study on provision of low-cost MTC UEs based on LTE, (Release 12)”
[3] R1-132110, “Diminishing returns and coverage improvement summary for TR36.888”, ZTE, 3GPP RAN1 #73
[4] R1-135361, “Simplification of PHICH and PCFICH functionalities for coverage improvement MTC UEs”, ZTE, 3GPP RAN1 #75

_1436787044.vsd
文本�

Subframe


Start subframe


Frame n


Frame n+1


...


Subframe for  repetition


Frame 2


...


Frame 0


Frame 1


Frame 3



_1437551869.vsd
文本�

Cycle 0


Subframe


...


Subframe for  repetition


...


Frame 0


Frame 1


Frame 2


Frame 3


Start subframe


Frame n


Frame n+1


Cycle 1


Subframe for  repetition


Start subframe


Cycle 2


Cycle 3


Cycle n


Cycle n+1



