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1 Introduction
In the RAN #60 meeting, the objective of “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” was approved in the WID [1]. 
This contribution discusses (E)PDCCH and PUCCH coverage improvement for the UE category/type and other UEs defined in the WID, including the necessity analysis and coverage improvement techniques.
2 Discussion on (E)PDCCH and PUCCH coverage improvement
2.1 PDCCH

Note that EPDCCH is not excluded by the WID, depending on other work of Rel-12. The discussion below focuses on PDCCH.
2.1.1 Necessity analysis
An important functionality of PDCCH is resource allocation, including the amount and location of PRBs. If the PDCCH is eliminated for coverage limited MTC UEs, time-frequency resources need to be fixed or pre-defined for DL and UL transmissions when there is DL transmission for UEs or UEs have data to transmit. This results in a scheduling restriction for DL and UL transmissions.
For UE-specific DL data reception, UEs should keep monitoring the fixed or predefined PDSCH resources. As a consequence, the UE operational complexity will increase assuming the detection of PDSCH is more intensive than PDCCH. Moreover, power consumption and resources will be wasted when there is no DL transmission for the UEs on these fixed resources. For UE-specific UL data transmissions, a wastage of the fixed or predefined PUSCH resources will happen when UEs have no data to transmit. When a group of UEs transmit UL data by contention on the same PUSCH resources, performance will be degraded. In order to avoid the drawbacks above, PDCCH scheduling for UE-specific DL and UL data should be required.

Proposal 1: PDCCH scheduling for UE-specific data should be required for coverage limited MTC UEs. 

Common messages include paging, SIBs and RAR. For coverage limited MTC UEs, more PDCCH resources (e.g., more CCEs) will be needed. Since the maximum number of CCEs allocated for the common search space is 16 in a subframe, CCE blockage would happen without defining a new common search space. PDCCH for common messages may collide with each other for coverage limited UEs and UEs in good channel conditions as long as PDCCH is still needed. Thus, UE’s access time, paging-to-awaking time will be prolonged and the UE’s power consumption will be increased. To reduce PDCCH collisions, a scheduling restriction (e.g., use of fixed or pre-defined resources and fixed MCS) on common messages can be considered to make coverage limited MTC UEs skip decoding PDCCH for common messages. As for paging, skipping PDCCH will not cause more PDSCH decoding since a UE must process the paging message to determine whether the message is addressing it. For common messages, coverage limited MTC UEs only need try to decode the messages on the fixed or pre-defined resources with fixed MCS. 
Proposal 2: PDCCH scheduling for common messages could be skipped for coverage limited MTC UEs, with a restriction scheduling (e.g., use of fixed or pre-defined resources and fixed MCS) on common messages taken into consideration. 

2.1.2 Coverage improvement techniques
In order to achieve 15dB additional coverage improvement requirement, PDCCH needs to compensate 13.6dB for FDD when a single RF chain is applied (4dB degradation is assumed for single RF chain). As analyzed in the TR [2], PDCCH coverage improvement techniques include repetition across multiple subframes, higher aggregation level (AL), PSD boosting, and compact DCI.

When PDCCH repetition across multiple subframes is applied, the same DCI is transmitted repeatedly. Since not every MTC UE needs the largest enhancement, multiple repetition levels of PDCCH are needed for different coverage improvement requirement. Table 1 lists the amount of repetitions with respect to different coverage improvement requirement. Simulation assumptions are shown in Appendix and PSD boosting is not assumed in the simulation. Simulation results show that 75 repetitions of PDCCH can meet 15dB additional improvement requirement.
Table 1. Simulation results of PDCCH for FDD

	Additional coverage improvement requirement (dB) / Required coverage improvement for PDCCH (dB)
	5/3.6
	10/8.6
	15/13.6

	The amount of repetition
	3
	17
	75


Observation 1: 75 repetitions of PDCCH can meet 15dB additional improvement requirement.

Using a higher AL in a subframe could help to reduce the amount of repetition across multiple subframes. However, the maximum AL within a subframe is constrained by the available REs in the control region for PDCCH of the subframe. Meanwhile, if multiple UEs are supported in a subframe, the available REs for each PDCCH will be further reduced. Repetition across multiple subframes is still needed with higher AL based on the study during SI. 
PSD boosting can improve PDCCH coverage by borrowing power from other REs in the same symbol. As a result, the capacity of PDCCH in a subframe would decrease when power is borrowed from other UEs by PSD boosting. PSD boosting could be transparent to MTC UEs and adjusted by eNB. However, the amount of PSD boosting should be limited by BS RE power control dynamic range defined in RAN4 as the power of a RE should not be more than 4dB higher than the average RE power for a eNB [3].

Other techniques, such as compact DCI which is primarily analyzed in [4], could also be investigated if time permits, although investigating reduction in the fields of the DCI to aid spectral efficiency is not currently supported by the WID.
We have the following proposal for PDCCH coverage improvement techniques:

Proposal 3: Repetition across multiple subframes can be adopted as the baseline technique for PDCCH coverage improvement.
2.1.3 Issues for PDCCH repetition across multiple subframes

When PDCCH is repeated across multiple subframes, there are some issues to be considered.
Issue 1: How does UE know the starting subframe and the number of repetitions of a repeated PDCCH 
When a UE does not know the starting subframe of a repeated PDCCH, it will blindly detect each subframe to decode the repeated PDCCH. While this is benefit to eNB’s scheduling flexibility, there is a cost of high detection complexity and large storage requirement at the UE. In order to reduce the blind decoding complexity, it is proposed to let UE know the starting subframe of a repeated PDCCH through predefined subframe set or RRC signaling though it may result in some scheduling restrictions at eNB. For example, the predefined starting subframe can be set as (10*SFN + ns) mod v = 0,  where ns is the subframe number within a radio frame, and v is the number of repetitions. Regarding the number of repetitions, it could be implicitly indicated by other channels (e.g., the mapping table of the amount of repetitions for various channels), or configured by RRC signaling. Blindly decoding the number of repetition is also an option, but the decoding complexity should be considered.

Issue 2: What are the ALs and PDCCH candidates used in the repeated subframes
For ALs and PDCCH candidates used in each subframe of the repeated subframes, several options are analyzed and compared in the following:
· Option1: All different ALs and PDCCH candidates could be used in each subframe of the repeated subframes
In this option, coverage limited MTC UEs attempt to decode each of the ALs and PDCCH in a set of PDCCH candidates in each subframe of the repeated subframes. LLRs derived from all possible ALs and PDCCH candidates in each subframes are blindly combined when decoding the repeated subframes to get the proper combination and correct decoding. 

This option provides the maximum flexibility as different ALs and PDCCH candidates in each subframe could be arbitrarily chosen according to the scheduling of eNB. However, UEs’ operation would be complicated and power consumption would be high for PDCCH decoding. When X times blind decoding are required for all ALs and PDCCH candidates in each subframe of N repeated subframes, (X)N times blind combinations have to be performed for the repeated subframes. As the number of repeated subframes increases, PDCCH decoding complexity grows exponentially due to the blind combination.
· Option 2: The same AL and PDCCH candidate are used in each subframe of the repeated subframes

Coverage limited MTC UEs do not need to blindly combine LLRs from all possible different ALs and PDCCH candidates in the repeated subframes. Instead, they only need to perform the same blind decoding as legacy UEs in each subframe and combine the LLRs from the same AL and PDCCH candidate in the repeated subframes.
The flexibility of the position of PDCCH REs is limited in this option. The REs are always occupied by a UE’s PDCCH in the repeated subframes and cannot be allocated to other UEs. eNB could not adjust PDCCH allocation for different UEs by the scheduling according to the traffic demand in the repeated subframes. When the number of repeated subframes is large, the impact on the legacy UEs’ traffic could not be ignored.
· Option 3: ALs and PDCCH candidates are predefined for PDCCH repetition across multiple subframes
When determining ALs and PDCCH candidates for PDCCH repetition, a tradeoff between PDCCH blind decoding complexity and flexibility is required.

The predefining of ALs and PDCCH candidates in each subframe of the repeated subframes for PDCCH repetition is expected to instruct UEs’ LLR combination for PDCCH decoding so that UEs’ operation complexity for PDCCH decoding would be reduced to an acceptable level. Meanwhile, predefining several different ALs and PDCCH candidates for the repeated subframes provides flexibility for PDCCH repetition.

Proposal 4: ALs and PDCCH candidates could be predefined for PDCCH repetition across multiple subframes to attain a tradeoff between PDCCH blind decoding complexity and flexibility. 
2.2 PUCCH
2.2.1 Necessity analysis
According to the TR [2], “the necessity of supporting PUCCH for MTC UEs in extreme coverage scenario could be further evaluated”, the necessity of supporting PUCCH for coverage limited MTC UEs is still TBD. The following analysis focuses on the necessity for PUCCH.

SR

SR can be transmitted via PUCCH SR resource or by a random access procedure. However, the collision probability of random access would increase if each SR is replaced by a random access. Moreover, the resource overhead of using random access to replace SR is substantial since four steps in the random access process need to be improved for coverage limited MTC UEs. Therefore, SR functionality of PUCCH should be preserved to avoid excessive RACH traffic.

ACK/NACK 

If the functionality of physical layer HARQ and the corresponding ACK/NACK is eliminated, the RLC ARQ or application mechanism may be used to help to guarantee the correct transmission of PDSCH. However, a stricter initial BLER (e.g., 1% instead of 10%) for PDSCH should be required in order to avoid excessive retransmissions from the higher layers. The stricter initial BLER would consume more PDSCH resources, and the increased DL resource overhead may be larger than the UL resource for ACK/NACK transmission via PUCCH. Moreover, ACK/NACK may help to save PDSCH resources as it can stop retransmission when UE has correctly received the block. Therefore, considering ACK/NACK feedback on PUCCH is more efficiently than the feedback on PUSCH, ACK/NACK functionality of PUCCH should be reserved for coverage limited MTC UEs.

CSI 

CSI is used to feed back the channel condition which an MTC UE experiences. The eNB can select a best subband for a UE, which is beneficial to coverage improvement. But it may be acceptable to lose this benefit for the small number of coverage limited MTC UEs. 

In addition, coverage limited MTC UEs would be almost static and the channel condition varies slowly. Periodic CQI feedback via PUCCH may not be needed. Aperiodic CSI feedback via PUSCH can be considered if CSI feedback is necessary. 

Proposal 5: SR and ACK/NACK functionality of PUCCH should be supported for coverage limited MTC UEs.

2.2.2 Coverage improvement techniques
Time domain repetition can be applied to PUCCH for coverage improvement. Simulation results in the TR [2] show 50~100 times repetition of Format 1a could achieve 20dB coverage enhancement target. Given the relative LTE coverage improvement is changed to 15dB and not all MTC UEs need the largest enhancement, Table 2 lists the amount of repetitions with respect to different coverage improvement requirement which are shown in [5]. 

Table 2. Simulation results for PUCCH (Format 1a) for FDD

	Additional coverage improvement requirement(dB) / Required coverage improvement for PUCCH(dB)
	5/0
	10/3.5
	15/8.5

	The amount of repetitions for Format 1a
	0
	2
	9


It can be seen that 9 repetitions of Format 1a could achieve 8.5dB performance gain, which meets 15dB additional coverage improvement requirements. Since PUCCH only supports ACK/NACK repetition and up to 6 times repetitions could be configured in Rel-11, the extension of PUCCH repetition to more PUCCH functionalities and the maximum number of repetitions need to be considered when PUCCH functionality for coverage limited MTC UEs is agreed by the group.

Proposal 6: The extension of PUCCH repetition to more PUCCH functionalities and the maximum number of repetitions need to be considered.

3 Conclusions
The discussion on (E)PDCCH and PUCCH coverage improvement for MTC UEs is given in this contribution, and following proposals and observation are concluded accordingly: 

Proposal 1: PDCCH scheduling for UE-specific data should be required for coverage limited MTC UEs. 

Proposal 2: PDCCH scheduling for common messages could be skipped for coverage limited MTC UE, with a restriction scheduling (e.g., use of fixed or pre-defined resources and fixed MCS) on common messages taken into consideration. 

Proposal 3: Repetition across multiple subframes can be adopted as the baseline technique for PDCCH coverage improvement.

Proposal 4: ALs and PDCCH candidates could be predefined for PDCCH repetition across multiple subframes to attain a tradeoff between PDCCH blind decoding complexity and flexibility. 

Proposal 5: SR and ACK/NACK functionality of PUCCH should be supported for coverage limited MTC UEs.

Proposal 6: The extension of PUCCH repetition to more PUCCH functionalities and the maximum number of repetitions need to be considered.

Observation 1: 75 repetitions of PDCCH can meet 15dB additional improvement requirement.
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Appendix

Simulation assumptions on PDCCH for repetition
	Parameter
	Value

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1Hz

	DCI format
	Format 1a

	Aggregation level 
	8 CCE

	Performance target
	1% BLER








