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1 Introduction
In the RAN1 #72 meeting, coverage improvement techniques for low-cost MTC UEs were discussed and the concepts were clarified in [1]. For (E)PDCCH and PUCCH, it was agreed that they may or may not be required for MTC UEs in the extreme coverage scenarios [2] and need further analysis and evaluation. 
This contribution provides further analysis on the functionality of (E)PDCCH and PUCCH, and the potential coverage improvement techniques. 
2 (E)PDCCH
2.1 Functionality analysis
One important functionality of (E)PDCCH is resource allocation, including the amount of PRBs and the frequency location. If resource allocation is disabled, a fixed resource for DL common messages transmissions (including paging, SIBs and RAR) needs to be predefined for a group or all of MTC UEs. However, for UE-specific DL transmissions and UL grants, the dedicated resources for DL and UL transmissions need to be predefined and reserved for each of MTC UEs in case there is DL transmission for UEs or UEs have data to transmit. 
The main functionalities of (E)PDCCH are summarized in Table 1 (mostly from DCI formats 0 and 1A), in which the impact on UEs and/or eNB is provided when disabling the functionalities. The analysis is just for the small proportion of MTC UEs in the worst coverage scenarios – the typical MTC UE would still have access to the functionality and therefore the impact to the system is minimized.
Table 1: Analysis of (E)PDCCH functionalities for MTC UEs in the extreme scenarios
	(E)PDCCH functionalities
	Impact on UEs and/or eNB when disabling the functionality 

	DL resource allocation for common messages
	eNB needs to allocate a reasonable amount of predefined resources to transmit common messages

	DL resource allocation and UL grant for UE-specific data
	eNB needs to allocate and reserve a dedicated resource for each UE

	Carrier indication
	No impact assuming MTC UEs need not support CA

	MCS configuration
	eNB and UEs could use a fixed MCS for transmissions and receptions

	HARQ process number
	eNB and UEs could use only one HARQ process for transmissions and receptions (at expense of latency) 

	Redundancy version
	eNB and UEs could use a fixed RV

	TPC command
	UEs may need to transmit UL data with maximum power

	New data indication
	Other indicator of new data (e.g., a timer) or no HARQ

	Downlink Assignment Index (DAI)
	No impact on FDD systems, limited impact for some TDD configurations

	Cyclic shift for DM-RS and OCC index
	UEs would not support UL MU-MIMO transmission or can get this from higher layer configuration

	CSI request
	eNB will not get the aperiodic CSI feedback from UEs

	SRS request
	eNB could trigger MTC UEs to transmit SRS by higher layer signaling

	Precoding information
	Use transmit diversity or random PMI selection 


From the analysis above, it can be observed that the legacy DCI could be simplified for MTC UEs in the extreme scenarios, and in the limit could effectively become a trigger to indicate that transmitting/decoding should be performed on some predefined resources. However, the (E)PDCCH cannot be completely eliminated, as it would require significant blind detection for DL transmissions or dedicated resources to be reserved for each of these extreme scenario MTC UEs. 
The analysis above leads to the following proposal:
Proposal 1: For MTC UEs in extreme coverage scenarios, (E)PDCCH may not be required for scheduling of SIBs, paging and RAR, but a simplified DCI (at least indicating that transmitting/decoding should be performed) is required for scheduling of other messages.
2.2 Coverage improvement techniques
The coverage improvement target of the (E)PDCCH may be met in a similar way as with the data channel, using a combination of techniques such as PSD boosting and repetition, and with additional possible improvement from a compact DCI.
· PSD boosting: PSD boosting can improve coverage of (E)PDCCH by borrowing power from other REs in the same symbol, but it may cause inter-cell interference. Cell spectral efficiency will be negatively impacted, but as a relatively small proportion of MTC UEs require the coverage improvement and most of the traffic takes place at quiet times, the impact on the system may be acceptable. PSD boosting may have no impact on specifications, UE power consumption, or cost.
· Design new channel/signals: There may be a benefit to a new (E)PDCCH if it can more effectively convey a compact DCI or use additional resources more effectively than simple repetition. 
· Compact DCI: Since some functionalities of (E)PDCCH may not be required, a compact DCI format could be defined for the simplified (E)PDCCH. If the functionality is reduced to just indicating that the UE would transmit/receive on some predefined resources, a new channel could be defined for such a trigger.
· Increasing aggregation level: More (e)CCEs are aggregated for (E)PDCCH in a subframe. However, the maximum allowable aggregation level in one subframe is limited by the resources available in the subframe. 
Increasing CRS or DMRS density will benefit channel estimation and/or frequency tracking for (E)PDCCH.
The primary drawback of newly designed channel/signals are substantial specification efforts, such as the contents of the compact DCI, the required aggregation levels which were not defined in LTE Rel-11, the structure of the new trigger channel, etc. 
· Repetitions/TTI bundling/Retransmission/Spreading/Low rate coding: These solutions provide a benefit in a similar way as they do for the data channel, with the primary difference being that the MTC UEs in the extreme scenarios will need to obtain the prior knowledge of e.g. the starting subframe / number of subframes, so as to properly combine the DCI or de-spread. The cost is also similar to the data channel (i.e., increasing power consumption / reduced efficiency due to the prolonged time for receptions and processing), though it may be acceptable if only a smaller proportion of MTC UEs need the extreme coverage improvement. Impact on specifications includes the definition of the starting subframe and the number of subframes occupied as well as timing between related channels (e.g., (E)PDCCH and PUSCH/PDSCH), and parameters related with spreading if it is introduced. 
3 PUCCH

3.1 Functionality analysis
The functionality of PUCCH includes:

a) Scheduling request (SR)
When UEs in the RRC connected state need to send UL data, they can send SR for UL resource request if PUCCH resources for SR are configured. Otherwise, UEs would initiate random access procedure to request UL resources. However, the resource overhead of using random access to replace SR is substantial, since four steps in the contention-based random access process need to be improved for MTC UEs in the extreme scenarios. Moreover, the collision probability of random access would increase when replacing SR by the random access.
b) ACK/NACK feedback

If there is an indication at a higher layer ARQ or application that data has been received correctly, physical layer HARQ and the corresponding ACK/NACK could be eliminated at some cost of efficiency. However, the code rate (from MCS and repetitions) may need to be much lower in order to provide the proper packet error rate to the higher layers. If, for example, twice as many resources need to be allocated for the data transmission on average without ACK/NACK, it may be beneficial to maintain the ACK/NACK even though PUCCH transmission also requires system resources.
c) CSI feedback

With CSI feedback, the eNB can select a UE or a best subband for a UE, which is beneficial to coverage improvement. It may be acceptable to lose this benefit for the small number of MTC UEs in extreme coverage scenarios.

The analysis above leads to the following proposal:

Proposal 2: The functionality of PUCCH SR and ACK/NACK should be retained for MTC UEs in the extreme scenarios, considering the additional resource overhead by replacing SR and ACK/NACK with random access and ARQ. 

3.2 Coverage improvement techniques
Assuming the functionality of PUCCH for the extreme scenario UEs is limited to SR and ACK/NACK, the following solutions to improve coverage of PUCCH are proposed: 

· PSD boosting: The UEs could concentrate all power on the minimum subcarrier (e.g., one subcarrier) in the extreme case, which would directly improve the required SINR. A new channel structure and mapping mechanisms would need to be specified.

· Repetitions: Reusing the ACK/NACK repetition mechanisms already supported in Rel-8/9/10/11 but extending the repetition factor would be a natural method for PUCCH coverage improvement with minor specification impact. 
· TTI bundling/Spreading/Low rate coding: TTI bundling is actually the same as repetition since no RVs are defined for PUCCH. Using a longer orthogonal sequence and/or a lower rate coding could result in a lower data rate which benefits detection performance, and improve coverage for PUCCH. However, these techniques will impact the specification more than simple repetition.

In summary, ACK/NACK repetition has minor specification impact and is beneficial to achieve PUCCH coverage improvement.

Proposal 3: ACK/NACK repetition has minor specification impact and is recommended for PUCCH coverage improvement.

4 Conclusion
The functionalities of (E)PDCCH and PUCCH are analyzed together with potential coverage improvement techniques in this contribution, which lead to the following proposals: 
Proposal 1: For MTC UEs in extreme coverage scenarios, (E)PDCCH may not be required for scheduling of SIBs, paging and RAR, but a simplified DCI (at least indicating that decoding should be performed) is required for scheduling of other messages.
Proposal 2: The functionality of PUCCH SR and ACK/NACK should be retained for MTC UEs in the extreme scenarios, considering the additional resource overhead by replacing SR and ACK/NACK with random access and ARQ. 

Proposal 3: ACK/NACK repetition has minor specification impact and is recommended for PUCCH coverage improvement.
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