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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#80bis [1], following observations and agreements were made on PUCCH enhancement for MTC.
Observations:
· Further study is needed whether to share PUCCH resources with legacy UEs with the same PRB
Agreements:
· For low complexity MTC UEs in normal coverage, at least when PUCCH resources is configured,
· ACK/NACK and SR over PUCCH is supported
· Periodic CSI feedback over PUCCH is supported
· FFS on details
· For UEs operating in enhanced coverage, at least when PUCCH resource is configured,
· HARQ-ACK and SR over PUCCH is supported
· FFS: Whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted
· For Rel-13 low complexity MTC UEs,
· For PUCCH structure,
· FFS: Slot-based frequency hopping within a narrow band
· FFS: How to derive PUCCH resources
· FFS: Configuration of additional PUCCH frequency resources is not mandatory for support of LC/CE UEs in a cell
· FFS on the details
· For UEs operating in enhanced coverage,
· Repetition of PUCCH across multiple subframes is supported
· Frequency hopping is supported for PUCCH repetition
· FFS on specific hopping pattern
· FFS on configurability of frequency hopping
In this document, we discuss the remaining issues related to PUCCH enhancement for Rel. 13 MTC on the basis of the above observations and agreements. In addition, we consider UCI transmission for UEs operating in large coverage enhancement.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259][bookmark: _GoBack]PUCCH resource configuration
PUCCH region for Rel.13 MTC UEs can be configured by RRC signalling. For MTC UEs operating in large coverage, to share PUCCH resources with legacy UEs with the same PRB could be difficult as there is near-far problem. Then, for MTC PUCCH of large coverage enhancement, it is reasonable to use separate PRB compared with legacy PUCCH. PUSCH assignment for large coverage case would be 1 PRB for each UE in order to maximize PSD boosting of UE. Large coverage case especially uplink is not resource limited but power limited. To locate PUCCH resource for large coverage in same narrowband as PUSCH allows the same UE hops single common hopping pattern regardless of PUCCH and PUSCH. This also alleviates the in-band PUSCH interference on UEs in enhanced coverage mode [2].
Observation 1: For MTC UEs in large coverage, it is reasonable that the usage of PRBs for MTC PUCCH is separated with the PRBs of legacy PUCCH. It can be located in same narrowband as PUSCH.
For MTC UEs in normal or small coverage, resource utilization would be more important and therefore, to share the PUCCH region with legacy UEs at PRB level would be desirable. But the feasibility may depend on PUCCH format. For PUCCH format 1a/1b, multiple PUCCHs are code multiplexed by cyclic shift and OCC. Since code resource of PUCCH format 1a/1b for legacy UEs is determined by CCE usage, to share same code (cyclic shift and OCC) resource between Rel. 13 MTC UEs and legacy UEs would be difficult. Then, separate code resource should be configured in legacy PUCCH region for Rel.13 MTC UEs. It can be realized by setting the PUCCH A/N resource offset value independently. In this way, same PUCCH region/PRB is shared with legacy UEs but uses different cyclic shift and OCC. Such application is also dependent on the situation of legacy PUCCH usage. In case of dense legacy PUCCH resource usage, it is possible to share only one PRB as shown in Fig.1 (a). In case of sparse legacy PUCCH usage, multiple PRBs can be shared between legacy and Rel.13 MTC UEs by assigning un-used cyclic shift/OCC to Rel.13 MTC UEs as shown in Fig.1 (b). Such behaviour will increase the interference and impact orthogonality among different PUCCH channels in the same PRB. For PUCCH format 2 and 3, to share PUCCH resource are easier as the code resource usage is semi-static parameter.
Observation 2: For MTC UEs in normal or small coverage, it is possible that PUCCH 1a/1b resources can be shared with legacy UEs with the same PRB(s) depending on legacy PUCCH resource usage. PUCCH format 2 and 3 are shared between MTC UEs and legacy UEs should be supported. 
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(a) In case of dense legacy PUCCH resource usage.
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(b) In case of sparse legacy PUCCH usage.
Fig.1 Example of sharing PUCCH format 1a/1b resources with legacy UEs with the same PRB(s).
Frequency hopping for PUCCH
In RAN1#80bis, slot-based frequency hopping within a narrow band for Rel-13 low complexity MTC UEs was remained as FFS. Slot-based frequency hopping within a narrow band is the same structure with legacy PUCCH when the system bandwidth is 1.4MHz. However, it is expected that slot-based frequency hopping within a narrow band cannot obtain a sufficient frequency diversity gain as the whole channel bandwidth likely has flat fading. On the other hand, without slot-based frequency hopping within a narrow band allows the use of DMRSs of two slots and then channel estimation quality can be improved. Table 1 shows required SINR for achieving BLER=103 of PUCCH transmission for several frequency hopping options as shown in Fig1. Detailed simulation results with BLER performance are shown in [3]. From the comparison between option 1 (with slot-based frequency hopping) and option 2 (without slot-based frequency hopping) in Table 1, it can be seen that even in normal coverage case (i.e., without repetition case), option 2 achieves better performance than option 1 due to the increase of channel estimation accuracy. Based on above discussion, we propose following.
Proposal 1: For Rel-13 low complexity MTC UEs, PUCCH does not use slot-based frequency hopping within narrow band.
In RAN1#80bis, it was agreed that frequency hopping is supported for PUCCH repetition of UEs operating in enhanced coverage but details are FFS. Table 2 shows the required number of repetitions to obtain required coverage gain of 5.5, and 11.5 dB, which corresponds to middle and large coverage levels respectively. Detailed simulation results with BLER performance are also shown in [3]. In the comparison between single-subframe channel estimation and cross-subframe channel estimation, 4-subframe channel estimation can reduce the required number of repetition in large coverage enhancement case. Then, at least for large coverage enhancement, cross-subframe channel estimation should also be supported. In order to support cross-subframe channel estimation, PUCCH resource should be the same during at least X subframes and X=4 is appropriate value considering the use of both frequency hopping over the system bandwidth and cross-subframe channel estimation.
For middle coverage enhancement, single subframe channel estimation is sufficient and this can reduce the delay as it can decode subframe by subframe and early stopping is possible.
Observation 3: Cross-subframe channel estimation can reduce the required number of repetition in large coverage enhancement case.
Proposal 2: PUCCH coverage enhancement support cross-subframe channel estimation and frequency hopping over the system bandwidth.
Proposal 3: In order to support cross-subframe channel estimation, PUCCH resource should be the same during at least 4 subframes.

Table 1	Required SINR for achieving BLER=103
	Number of repetitions
	1
	4
	8
	16
	32

	Single subframe channel estimation
	Option 1
	-3.2
(Baseline)
	-
	-
	-
	-

	
	Option 2
	-3.5
	-10.2
	-11.5
	-12.6
	-14.6

	Multiple subframe channel estimation
(4 subframes)
	Option 1
	-
	-11.4
	-13.7
	-14.6
	-16.8

	
	Option 2
	-
	-12.3
	-13.8
	-15.0
	-17.2

	
	Option 3
	-
	-
	-17.2
	-19.0
	-20.6

	
	Option 4
	-
	-
	-18.1
	-19.7
	-22.0

	Multiple subframe channel estimation
(8 subframes)
	Option 1
	-
	-
	-14.2
	-15.5
	-17.5

	
	Option 2
	-
	-
	-14.3
	-15.8
	-18.2

	
	Option 3
	-
	-
	-
	-19.7
	-21.7

	
	Option 4
	-
	-
	-
	-20.3
	-22.6



Table 2	Required number of repetitions
	Required coverage gain
	5.5
(Middle coverage)
	11.5
(Large coverage)

	Single subframe channel estimation
	Option 2
	4
	32

	Multiple subframe channel estimation
(4 subframes)
	Option 1
	4
	16

	
	Option 2
	4
	16

	
	Option 3
	-
	8

	
	Option 4
	-
	8
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(a) Option 1                                                                            (b) Option 2
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(c) Option 3                                                                            (d) Option 4
Fig.1 Frequency hopping options.

Consideration on UCI transmission for UEs operating in large coverage enhancement
For large coverage case, to multiplex UCI and data just increases the number of the repetition as the required SINR will be increased. Therefore, just to wait to finish UCI or data respectively can be more efficient as these are delay tolerant. In order to avoid the collision of UCI and UL data, eNB could guarantee no collision by scheduling.
Observation 4: For large coverage case, to multiplex UCI and data just increase the number of the repetition. Just to wait to finish UCI or data respectively can be more efficient.

Conclusion
In this contribution, we discussed PUCCH enhancement for Rel. 13 MTC and UCI transmission for UEs operating in large coverage enhancement. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1: For MTC UEs in large coverage, it is reasonable that the usage of PRBs for MTC PUCCH is separated with the PRBs of legacy PUCCH. It can be located in same narrowband as PUSCH.
Observation 2: For MTC UEs in normal or small coverage, it is possible that PUCCH 1a/1b resources can be shared with legacy UEs with the same PRB(s) depending on legacy PUCCH resource usage. PUCCH format 2 and 3 are shared between MTC UEs and legacy UEs should be supported.
Observation 3: Cross-subframe channel estimation can reduce the required number of repetition in large coverage enhancement case.
Observation 4: For large coverage case, to multiplex UCI and data just increase the number of the repetition. Just to wait to finish UCI or data respectively can be more efficient.

Proposal 1: For Rel-13 low complexity MTC UEs, PUCCH does not use slot-based frequency hopping within narrow band.
Proposal 2: PUCCH coverage enhancement support cross-subframe channel estimation and frequency hopping over the system bandwidth.
Proposal 3: In order to support cross-subframe channel estimation, PUCCH resource should be the same during at least 4 subframes.
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Appendix A: Simulation parameters
	Parameters
	Value

	Number of antennas
	1×2 with low correlation

	Number of UEs (signals)
	1

	Number of repetition
	NRep=1, 4, 8, 16, 32

	Channel model
	EPA (Doppler frequency, fD=1Hz)

	Frame format
	PUCCH format 1a (1bit ACK/NACK)

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Timing error
	Ideal

	Transmit power control error
	Ideal

	Residual frequency offset
	20Hz

	Channel estimation
	Realistic single-subframe channel estimation, 
cross-subframe channel estimation

	Equalization
	MMSE-FDE
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