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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#82 [1], following agreements were made on PUCCH for Rel.13 MTC.
Agreements:
· Starting offsets of the PUCCH resource(s) indicated by MTC SIB can be configured separately per PUCCH repetition level.
· Detailed signaling is left to RAN2 by further considering the previous agreement regarding PUCCH narrowband region(s)
· FFS whether or not to have default value(s) for some repetition level(s)
· FFS how to determine a PUCCH repetition level for a UE
Agreements:
· At least for Rel-13 low complexity UEs with no repetition, implicit PUCCH resource determination is used and it uses the mechanism for Rel-12 EPDCCH as a starting point.
· FFS the details
· For UEs operating coverage enhancement for PUCCH
· Slot-level hopping across narrowbands is not supported.
In this contribution, we discuss further details related to PUCCH enhancement for Rel. 13 MTC. In addition, we provide link level evaluation results on PUCCH coverage enhancement.
PUCCH resource determination
It has been agreed that implicit PUCCH resource determination is used at least for Rel.13 low complexity UEs with no repetition and it uses the mechanism for Rel-12 EPDCCH as a starting point for the design of PUCCH resource determination. In Rel-12 EPDCCH, PUCCH resource for HARQ-ACK feedback is determined based on ECCE index of corresponding EPDCCH transmission with semi-static PUCCH resource starting offset and ARO. However, to reuse the same PUCCH resource determination as Rel-12 EPDCCH to Rel.13 MTC UEs with no/small repetition would cause large blocking probability issue. The reasons are:
· Timing gap between MPDCCH and corresponding PUCCH is different with legacy timing gap
The PUCCH resource determination with ECCE linkage in Rel.12 assumes the fixed timing gap between PUCCH and corresponding EPDCCH. However, in Rel.13 MTC, the timing gap between M-PDCCH and corresponding PUCCH could be different as different UEs could have different number of repetitions. This causes the collision of PUCCH resources, as shown in Fig.1. Although PUCCH resource determination as Rel-12 EPDCCH has ARO, blocking probability would increase.
· Duplications of indices among ECCEs located in the different narrowband
If there are multiple narrowbands in downlink and ECCE is indexed independently per narrowband, there are duplications of indices among ECCEs located in the different narrowband. PUCCH resource determination as Rel-12 EPDCCH has semi-static offset at each EPDCCH set and then, if semi-static offset is set independently for each narrowband, the collision of PUCCH might be controllable. However, such semi-static offset is provided by RRC signalling. Then, for HARQ-ACK feedback of Msg4, PUCCH resource determination as Rel-12 EPDCCH could not be used directly. To unify semi-static offset indication between Msg4 and unicast traffic would make the specification simple. 
Based on above discussion, if PUCCH resource determination as Rel-12 EPDCCH is considered for Rel-13 MTC UEs with no/small repetition, semi-static offset for each narrowband should be provided by MTC SIB. In addition, the parameter of ARO should be designed carefully to avoid the increase of blocking caused by timing gap difference.
Proposal 1: If PUCCH resource determination as Rel-12 EPDCCH is used for Rel-13 MTC UEs with no/small repetition, semi-static offset should be provided by MTC SIB and it is indicated per narrowband.
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Fig.1	PUCCH resource collision issue.
Another possibility of PUCCH resource determination for Rel-13 MTC UEs with no/small repetition would be implicit determination with PRB index of the PDSCH. If the timing gap between the end of PDSCH transmission and start of PUCCH transmission is fixed, PUCCH collision between UEs with different number of repetition can be avoided. Similar to PUCCH resource determination as Rel-12 EPDCCH case, ARO and semi-static offset per narrowband could also be introduced.
Proposal 2: For no/small repetition case, PUCCH resource determination mechanism based on PRB index of the last PDSCH could be considered.

For large repetition case, we propose only one DL transmission occupied 6 PRBs to reduce the total number of repetitions for PDSCH transmission [2]. Then PUCCH resource determination based on narrowband index of the last PDSCH would be suitable. Taking the indication of PUCCH region into account, PUCCH resource for MTC UEs in large coverage would be determined by (narrowband index + semi-static A/N resource offset) as an example.
Proposal 3: For large repetition case, PUCCH resource is implicitly determined based on narrowband index of the last PDSCH.



For TDD, in case M > 1, the PUCCH resource for M-PDCCH in multiple DL subframes shall be transmitted in the same UL subframe, then in addition to the semi-static offset, the mechanism to avoid the collision due to HARQ-ACKs for different DL subframes mapping into a same UL subframe is required. Similar mechanism as current specification, i.e., the mechanism to avoid the overlap between different DL subframes, could be reused. For example, in addition to the terms of the PUCCH resource determination for FDD, PUCCH resource can depend also on , where  is equal to the number of ECCEs in the j-th EPDCCH set and m (=0~M~1) is the relative index of the DL subframe of the last PDSCH scheduled by corresponding M-PDCCH. Such mechanism would be suited to PUCCH resource determination mechanism based on PRB index of the last PDSCH as the timing gap between the end of PDSCH transmission and start of PUCCH transmission is assumed to be fixed. In addition, larger negative offset value in ARO could also be reused to compress the PUCCH resource region for repetition case. 
Proposal 4: For TDD, similar mechanism as current specification, i.e., the mechanism to avoid the overlap between different DL subframes, should be considered in addition to PUCCH resource determination mechanism for FDD.
SR repetition
In RAN1#82, WF on PUCCH enhancement was presented [3] and following alternatives were proposed on SR repetition.
· Alt 1: Only transmitted in the SR transmission instances
· Alt 2: Transmitted in continuous UL subframes from the starting subframe
· Alt 3: Intermittent repetition based on SR configuration
For the legacy SR transmission, UE is configured by higher layers to transmit SR. SR transmission instances are the uplink subframes satisfying a certain condition which is specified by UE-specific periodicity and subframe offset configuration. For MTC UEs with repetition, SR will be transmitted in multiple subframes. If eNB does not know the starting position of SR repetition, eNB will try to perform energy detection over multiple subframes from every subframe. This results in the significant increase of the number of blind energy detection. Therefore, the staring position of SR repetition is fixed or configured.
Proposal 5: The starting position of SR repetition is fixed or configured.

In Alt 1, SR is transmitted NSR times at legacy SR transmission instances from a starting position as shown in Fig.2 (a), where NSR is the number of repetition. The SR transmission instances are the uplink subframes satisfying a certain condition which is specified by UE-specific periodicity TSR and subframe offset configuration for legacy SR transmission. Coherent combining is not possible and therefore, required number of repetition increases.
In Alt 2, SR is transmitted NSR times in consecutive subframes from a starting position as shown in Fig.2 (b). Starting position would be configured by exiting SR configuration (with slight modification if needed). Coherent combining is possible for Alt 2. In RAN1#81 [4], it was agreed that PUCCH frequency hopping is always used and PUCCH frequency location stays the same for at least X subframes. Then, when the number of SR repetition is larger than frequency hopping granularity, SR repetition should also follow the PUCCH hopping pattern.
In Alt 3, SR could be transmitted X times in consecutive subframes from a starting position as shown in Fig.2 (c). Starting position of each X-repetition would be configured by exiting SR configuration (with slight modification if needed). Coherent combining is also possible for Alt 3.
Considering the possibility of coherent combining (our evaluation results are shown in Sect. 4), we have a preference to use Alt 2 or Alt 3.
Proposal 6: SR repetition is realized by continuous UL subframes from the starting subframe or combination of continuous and intermittent transmission.
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(a) Alt 1
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(b) Alt 2
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(c) Alt 3
Fig. 2	SR repetition methods.
Evaluation result on PUCCH coverage enhancement
In this section, the link level evaluation result on PUCCH coverage enhancement is shown. The detailed parameters are listed in the Appendix A. Fig. 3 plots the ACK detection error probability (ACK to NACK or DTX) of PUCCH format 1a with number NRep of repetition as a parameter. Plain repetition (i.e., without cross-subframe channel estimation and frequency hopping), the use of cross-subframe channel estimation and frequency hopping are compared. Cross-subframe channel estimation is realized by symbol level combining with 4 subframes and hopping period is 4 subframes. Table 1 summarizes the required SINR for achieving ACK error probability.
It can be seen from Fig.3 and Table 1 that the use of symbol level combining and frequency hopping can significantly reduce the required SINR (about 6 dB gain can be achieved compared to plain repetition). The maximum coverage enhancement target of PUCCH is 11.5 dB for 20 dBm UE Tx power. From Table 1, plain repetition requires more than 32 repetitions to obtain required coverage gain of 11.5 dB while 8 repetitions are sufficient when symbol level combining with 4 subframes and frequency hopping are used. Thus, at least for large repetition, symbol level combining and frequency hopping are always used and X = 4 is appropriate value considering the use of both frequency hopping and symbol level combining.
Observation 1: Symbol level combining and frequency hopping can reduce the required SINR in large repetition case by approximately 6 dB.

For no/small repetition case, plain repetition can be sufficient. This can reduce the delay as it can decode subframe by subframe and realize early stopping.

[image: ]
Fig.2	ACK detection probability.

Table 1	Required SINR for achieving ACK detection probability = 102
	Number of repetitions
	1
	4
	8
	16
	32

	Plain repetition
	-2.9 dB
	-6.7 dB
	-8.5 dB
	-9.7 dB
	-12.0 dB

	Symbol level combining (4 subframes) 
and frequency hopping
	-
	-
	-14.6 dB
	-16.0 dB
	-18.2 dB



Conclusion
In this contribution, we discussed further details related to PUCCH enhancement for Rel. 13 MTC and showed link level evaluation results on PUCCH coverage enhancement. Based on the discussion presented, we summarize our views through the following observations and proposal:
Proposal 1: If PUCCH resource determination as Rel-12 EPDCCH is used for Rel-13 MTC UEs with no/small repetition, semi-static offset should be provided by MTC SIB and it is indicated per narrowband.
Proposal 2: For no/small repetition case, PUCCH resource determination mechanism based on PRB index of the last PDSCH could be considered.
Proposal 3: For large repetition case, PUCCH resource is implicitly determined based on narrowband index of the last PDSCH.
Proposal 4: For TDD, similar mechanism as current specification, i.e., the mechanism to avoid the overlap between different DL subframes, should be considered in addition to PUCCH resource determination mechanism for FDD.
Proposal 5: The starting position of SR repetition is fixed or configured.
Proposal 6: SR repetition is realized by continuous UL subframes from the starting subframe or combination of continuous and intermittent transmission.
Observation 1: Symbol level combining and frequency hopping can reduce the required SINR in large repetition case by approximately 6 dB.
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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 = 1 Hz)

	Frame format
	PUCCH format 1a

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Residual frequency offset
	20 Hz

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

	Equalization
	MMSE-FDE

	DTX mis-detection ratio (DTX -> ACK)	
	1 %
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