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1 Introduction

In RAN1 #86bis meeting [1], the following enhancements on larger maximum channel bandwidth (BW) have been agreed, to support the higher data rate operation for feMTC:
Agreement:

· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of either 5 or 20 MHz.

Agreement:

· For the 5-MHz BL UE,

· The maximum reception bandwidth is 25 PRBs.
· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.

· The maximum transmission bandwidth is 25 PRBs.
· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.
This contribution focuses on the frequency resource allocation for UEs with larger maximum channel BW. Specifically, we discuss the need of frequency hopping (FH), details of frequency domain resource allocation and FH methods, and the allocation of central PRBs for 5MHz BL UEs.
2 On the Need of FH

In this section, we discuss the need of FH support for feMTC. We first present link-level evaluations to compare the coverage performance for PDSCH and PUSCH with and without FH. Based on the coverage analysis and other system design considerations, we provide our views on the need of FH for feMTC. 
2.1 Link-level evaluations for PDSCH/PUSCH with FH
In this section, we present the link-level performance for PDSCH and PUSCH with maximum channel BW of 5MHz, to study the potential gain from FH.
For PDSCH, both localized and distributed resource allocation are supported, where the distributed resource allocation already achieves some frequency diversity gain, compared to localize one. To study the need of FH when distributed resource allocation is supported, we compare the performance of localized resource allocation with FH to the distributed resource allocation without FH. 

On the other hand, for PUSCH, only localized resource allocation is supported, and thus we compare the PUSCH performance over localized PRBs with FH to the same resource allocation without FH. 

Taking TBS of 4008 bits for 24-PRB allocation as an example, the MCL calculation for PDSCH and PUSCH at BLER=10% is given by Table 1.
Table 1. Example of MCL calculation for TBS=4008 bits with 24-PRB allocation and RL=32 for PUSCH, RL=16 for PDSCH, at BLER=10%.
	Freq. hopping?
	Y
	N

	Physical channel name
	PDSCH
	PUSCH
	PDSCH
	PUSCH

	Transmitter
	 
	 
	 
	 

	(0) Max Tx power(dBm)
	46
	23
	46
	23

	(1) Actual Tx power (dBm)
	42.81
	23
	42.81
	23

	Receiver
	 
	 
	 
	 

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	9
	5
	9
	5

	(5) Occupied ch bandwidth (Hz)
	4320000
	4320000
	4320000
	4320000

	(6) Effective noise power
= (2) + (3) + 10 log((5))  (dBm)
	-98.65
	-102.65
	-98.65
	-102.65

	(7) Required SINR (dB)
	-4.30
	-9.80
	-3.30
	-9.00

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-102.95
	-112.45
	-101.95
	-111.65

	(9) Baseline MCL
= (1) - (8) (dB)
	145.76
	135.45
	144.76
	134.65


More studies on MCL for PDSCH and PUSCH transmissions with various TBSs and RBs are presented in Table 2 and Table 3, respectively.

Table 2. The MCL (dB) for PDSCH.
	FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PDSCH with 6 PRBs
	Payload (bits) for PDSCH with 6 PRBs

	RL
	256
	408
	600
	808
	1032
	256
	408
	600
	808
	1032

	1
	133.96
	131.86
	130.06
	128.46
	126.26
	139.06
	137.36
	135.56
	133.86
	131.66

	2
	136.66
	134.86
	133.26
	132.46
	131.06
	142.06
	140.26
	138.76
	137.56
	136.56

	4
	143.56
	142.06
	140.36
	139.36
	138.06
	146.76
	145.06
	143.66
	142.66
	141.46

	8
	146.16
	144.66
	143.06
	142.16
	141.06
	149.36
	147.76
	146.46
	145.36
	144.46

	16
	148.56
	147.16
	145.66
	144.76
	143.76
	151.66
	150.26
	149.06
	147.96
	147.16


	No FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PDSCH with 6 PRBs
	Payload (bits) for PDSCH with 6 PRBs

	RL
	256
	408
	600
	808
	1032
	256
	408
	600
	808
	1032

	1
	135.96
	133.96
	131.96
	129.76
	127.06
	139.76
	137.96
	136.06
	134.06
	131.96

	2
	138.96
	136.96
	135.46
	134.46
	132.86
	142.76
	140.96
	139.26
	138.16
	137.06

	4
	141.86
	140.36
	138.56
	137.36
	136.16
	145.66
	143.96
	142.46
	141.16
	140.36

	8
	144.26
	142.76
	141.36
	140.16
	139.06
	148.26
	146.66
	145.16
	144.06
	142.96

	16
	147.06
	145.46
	143.86
	143.06
	141.96
	150.66
	149.16
	147.96
	146.76
	145.76


	FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PDSCH with 12 PRBs
	Payload (bits) for PDSCH with 12 PRBs

	RL
	424
	840
	1032
	2088
	2728
	424
	840
	1032
	2088
	2728

	1
	135.36
	132.76
	131.86
	126.96
	124.76
	140.16
	137.46
	136.56
	131.96
	129.86

	2
	138.26
	135.86
	134.76
	130.56
	129.36
	143.06
	140.46
	139.66
	135.56
	134.06

	4
	144.56
	141.96
	141.06
	137.16
	136.06
	147.76
	145.16
	144.36
	140.46
	139.16

	8
	146.96
	144.66
	143.76
	139.96
	138.96
	150.16
	147.86
	147.06
	143.16
	142.06

	16
	149.36
	147.06
	146.36
	142.66
	141.76
	152.46
	150.36
	149.46
	145.76
	144.66


	No FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PDSCH with 12 PRBs
	Payload (bits) for PDSCH with 12 PRBs

	RL
	424
	840
	1032
	2088
	2728
	424
	840
	1032
	2088
	2728

	1
	136.76
	133.96
	132.76
	127.66
	125.86
	140.66
	137.96
	136.96
	132.16
	130.16

	2
	139.96
	137.16
	136.26
	131.96
	130.36
	143.76
	140.86
	140.06
	135.96
	134.46

	4
	142.66
	140.06
	138.96
	135.36
	133.86
	146.36
	143.96
	143.06
	139.06
	137.76

	8
	145.06
	142.96
	141.86
	137.66
	136.66
	148.96
	146.66
	145.76
	141.86
	140.76

	16
	147.76
	145.36
	144.66
	140.86
	139.56
	151.36
	149.16
	148.46
	144.56
	143.36


	FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PDSCH with 24 PRBs
	Payload (bits) for PDSCH with 24 PRBs

	RL
	1064
	2088
	2984
	3752
	4008
	1064
	2088
	2984
	3752
	4008

	1
	136.06
	132.96
	130.56
	128.56
	128.36
	139.86
	136.86
	134.76
	132.96
	132.46

	2
	138.96
	136.26
	134.66
	133.76
	132.06
	142.86
	140.16
	138.56
	137.76
	136.16

	4
	143.76
	141.06
	139.76
	138.76
	137.26
	146.76
	144.16
	142.76
	141.76
	140.36

	8
	146.26
	143.76
	142.46
	141.76
	140.26
	149.26
	146.86
	145.56
	144.66
	143.06

	16
	148.66
	146.46
	145.16
	144.46
	142.66
	151.66
	149.36
	148.06
	147.26
	145.76


	No FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PDSCH with 24 PRBs
	Payload (bits) for PDSCH with 24 PRBs

	RL
	1064
	2088
	2984
	3752
	4008
	1064
	2088
	2984
	3752
	4008

	1
	136.06
	132.76
	130.56
	128.46
	128.46
	139.96
	137.06
	134.76
	132.86
	132.46

	2
	139.26
	136.06
	134.36
	133.56
	132.26
	142.96
	140.06
	138.66
	137.66
	136.26

	4
	141.96
	139.06
	137.76
	136.86
	135.16
	145.66
	142.96
	141.56
	140.76
	139.26

	8
	144.46
	142.06
	140.76
	139.86
	138.16
	148.36
	145.76
	144.46
	143.56
	141.96

	16
	147.16
	144.76
	143.46
	142.66
	141.06
	150.76
	148.36
	147.16
	146.26
	144.76


Table 3. The MCL (dB) for PUSCH.
	FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PUSCH with 6 PRBs
	Payload (bits) for PUSCH with 6 PRBs

	RL
	256
	408
	600
	808
	1032
	256
	408
	600
	808
	1032

	1
	127.87
	125.57
	123.97
	122.47
	120.77
	133.27
	131.37
	129.77
	127.97
	126.37

	2
	130.67
	128.97
	126.97
	125.67
	124.97
	136.07
	134.47
	132.77
	131.47
	130.57

	4
	133.37
	132.17
	130.07
	128.97
	128.27
	138.97
	137.17
	135.87
	134.47
	133.57

	8
	138.97
	138.87
	135.87
	134.97
	135.17
	142.27
	141.97
	139.27
	138.17
	138.57

	16
	142.97
	141.57
	138.67
	138.97
	138.17
	146.17
	144.57
	141.87
	142.27
	141.27

	32
	145.87
	144.37
	143.07
	142.17
	141.07
	148.67
	147.27
	145.87
	144.87
	144.07


	No FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PUSCH with 6 PRBs
	Payload (bits) for PUSCH with 6 PRBs

	RL
	256
	408
	600
	808
	1032
	256
	408
	600
	808
	1032

	1
	127.67
	125.67
	124.07
	122.17
	120.37
	133.17
	131.27
	129.67
	128.07
	126.37

	2
	130.77
	128.67
	127.17
	125.97
	124.87
	136.07
	134.27
	132.77
	131.57
	130.47

	4
	133.47
	132.17
	130.27
	129.37
	127.97
	139.07
	137.17
	135.67
	134.57
	133.57

	8
	136.17
	134.87
	133.27
	131.97
	130.87
	141.67
	140.07
	138.67
	137.47
	136.47

	16
	139.27
	137.57
	136.67
	135.37
	134.17
	144.37
	142.67
	141.47
	140.37
	139.37

	32
	142.57
	141.37
	139.77
	138.77
	138.27
	146.97
	145.47
	144.47
	143.27
	142.37


	FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PUSCH with 12 PRBs
	Payload (bits) for PUSCH with 12 PRBs

	RL
	424
	840
	1032
	2088
	2728
	424
	840
	1032
	2088
	2728

	1
	125.96
	123.26
	121.96
	118.06
	115.86
	131.06
	128.26
	127.46
	123.36
	121.06

	2
	128.66
	126.06
	125.16
	122.26
	119.56
	134.06
	131.36
	130.56
	127.66
	125.06

	4
	131.76
	128.96
	128.26
	125.36
	122.96
	136.76
	134.26
	133.36
	130.56
	128.26

	8
	138.26
	135.66
	135.06
	132.26
	129.76
	141.36
	138.86
	138.16
	135.36
	132.96

	16
	140.76
	138.36
	137.76
	134.96
	132.46
	143.76
	141.46
	140.66
	138.26
	135.56

	32
	143.16
	141.06
	140.36
	138.06
	135.26
	146.16
	144.06
	143.26
	140.96
	138.06


	No FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PUSCH with 12 PRBs
	Payload (bits) for PUSCH with 12 PRBs

	RL
	424
	840
	1032
	2088
	2728
	424
	840
	1032
	2088
	2728

	1
	125.76
	123.26
	121.96
	118.26
	115.66
	131.26
	128.36
	127.46
	123.36
	121.26

	2
	128.66
	126.06
	125.16
	122.36
	119.46
	133.96
	131.46
	130.36
	127.46
	125.16

	4
	131.56
	129.26
	127.76
	125.16
	122.76
	136.76
	134.36
	133.36
	130.46
	128.06

	8
	133.96
	131.76
	130.86
	128.06
	125.66
	139.36
	137.16
	136.26
	133.36
	130.76

	16
	136.36
	134.66
	133.76
	131.16
	128.26
	141.46
	139.86
	138.76
	135.96
	133.76

	32
	139.76
	138.46
	136.96
	134.56
	131.96
	143.96
	142.56
	141.26
	139.06
	136.26


	FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PUSCH with 24 PRBs
	Payload (bits) for PUSCH with 24 PRBs

	RL
	1064
	2088
	2984
	3752
	4008
	1064
	2088
	2984
	3752
	4008

	1
	122.55
	119.65
	117.65
	116.15
	114.85
	127.25
	124.35
	122.55
	121.25
	119.85

	2
	125.35
	122.75
	121.15
	119.85
	118.55
	130.15
	127.55
	125.95
	124.85
	123.45

	4
	128.15
	125.65
	123.75
	123.05
	121.65
	133.05
	130.25
	128.95
	127.85
	126.35

	8
	133.35
	130.95
	129.65
	128.55
	126.85
	136.95
	134.45
	133.05
	132.05
	130.55

	16
	136.15
	133.75
	132.35
	131.55
	129.75
	139.35
	137.05
	135.85
	134.95
	133.15

	32
	138.65
	136.55
	135.35
	134.45
	132.65
	141.75
	139.55
	138.45
	137.55
	135.45


	No FH
	BLER=1%,
	BLER=10%,

	
	Payload (bits) for PUSCH with 24 PRBs
	Payload (bits) for PUSCH with 24 PRBs

	RL
	1064
	2088
	2984
	3752
	4008
	1064
	2088
	2984
	3752
	4008

	1
	122.75
	119.55
	117.95
	115.95
	115.05
	127.25
	124.45
	122.55
	121.25
	119.65

	2
	125.35
	122.75
	120.85
	119.95
	118.55
	130.25
	127.35
	125.85
	124.95
	123.45

	4
	128.25
	125.55
	124.45
	123.15
	121.35
	133.05
	130.45
	128.85
	127.95
	126.45

	8
	131.15
	128.15
	126.85
	125.95
	124.45
	135.75
	133.25
	131.75
	130.85
	129.25

	16
	133.95
	131.75
	130.15
	128.95
	127.35
	138.35
	135.85
	134.65
	133.55
	131.95

	32
	137.15
	134.65
	133.55
	132.35
	130.15
	140.85
	138.65
	137.35
	136.65
	134.65


In the above simulations, the PDSCH transmissions are assumed to hop (if supported) every 2 subframes, while the PUSCH transmissions are assumed to hop (if supported) every 4 subframes. Comparing the PDSCH with RL≤2 for cases with FH and without FH, it can be observed that the coverage is better for PDSCH without FH, due to the frequency diversity from distributed resource allocation. On the other hand, for PDSCH with RL>2, FH provides 1-2dB gain at BLER=1% and ~1dB gain at BLER=10% compared to distributed resource allocation, under the assumption that the distributed resource allocation is within 5MHz and FH is over 10MHz system BW. Larger gains are expected for larger system BWs.
For PUSCH, the FH provides ~3dB gain for PUSCH transmission over 6 and 12 PRBs at BLER=1%, and 1.5-2dB gain for PUSCH transmission over 6 and 12 PRBs at BLER=10%. The gain from FH reduces as the PUSCH transmission BW increases. For PUSCH transmission over 24 PRBs, there is 1.5-2.5 dB gain from FH at BLER=1% and ~1dB gain from FH at BLER=10%. This is mainly due to that the PUSCH transmission over larger channel BW can already achieve some frequency diversity gain. 
Observation 1

· PDSCH transmission with distributed resource allocation improves the coverage performance compared to localized resource allocation without narrowband based FH.

· There are 1-2dB gain at BLER=1% and 0.4-0.7dB gain at BLER=10% for PDSCH transmission over distributed 6 PRBs within 5MHz, compared to PDSCH transmission over localized 6 PRBs, for RL≤2.
· FH provides coverage gain for PDSCH transmission with localized resource allocation, compared to distributed resource allocation within 5MHz channel BW.
· There are 1-2dB gain at BLER=1% and ~1dB gain at BLER=10% for PDSCH transmission with FH over 10MHz system BW, compared to PDSCH transmission over distributed RBs within 5MHz, for RL>2.
· FH improves the coverage for PUSCH transmission with max channel BW of 5MHz.

· There are ~3dB gain at BLER=1% and 1.5-2dB gain at BLER=10% for PUSCH transmission over 6 and 12 PRBs.
· The gain from FH reduces to 1.5-2.5dB at BLER=1% and ~1dB at BLER=10% for PUSCH transmission over 24 PRBs, as PUSCH transmission over larger channel BW can already achieve some frequency diversity gain.

2.2 Discussion on the need of FH support
Based on the observations made from the link-level evaluations in the above section, we can conclude that FH is beneficial to improve the coverage performance for both PDSCH and PUSCH, at least for PDSCH/PUSCH transmissions with maximum channel BW of 5MHz. For non-BL UEs with maximum channel BW of 20MHz, the gain from FH may be limited for PDSCH, provided that the distributed resource allocation can be used for PDSCH transmission over the 20MHz BW to achieve frequency diversity. On the other hand, for PUSCH which only supports localized resource allocation, FH is beneficial to improve the coverage for PUSCH. 
Additionally, backward compatibility should be considered in the study of FH support for feMTC. Recall that FH is supported in Rel-13 eMTC. Specifically, FH for SIB1-BR is always used at least for system bandwidth ≥ 5MHz, and FH for PUCCH is always used when repetitions are used for PUCCH. This would be applicable also for Rel-14 feMTC. 

Without the support of FH for feMTC UEs, the scheduling complexity may be increased and scheduling flexibility may be limited, due to the need for careful design of scheduling for feMTC and other eMTC UEs to avoid resource collisions. Moreover, there is a common FH configuration between MPDCCH and PDSCH in Rel-13 eMTC, which helps reduce the MPDCCH monitoring complexity, at least when cross-NB scheduling of PDSCH is not used. Therefore, it will be beneficial to also support the configurability of FH for PDSCH for UEs with larger max channel BW given that a similar configuration for MPDCCH can be expected within the cell for both Rel-13 and Rel-14 UEs.
Proposal 1

· For Rel-14 5MHz BL UEs, FH should be supported for both UL and DL transmission. 
· For non-BL UEs with maximum channel BW of 20MHz, FH should be supported at least for UL transmission.
Proposal 2
· FH for MPDCCH and PDSCH follows a common FH configuration, similar to Rel-13 eMTC.
3 Frequency Resource Allocation and FH Methods

3.1 Resource allocation and FH methods

To facilitate the discussion, we introduce a concept called “extended NB (ENB)” as follows [2]. For Rel-13 eMTC UEs, the supported maximum channel BW is 1.4 MHz, and the concept of NB is defined as a set of 6 contiguous PRBs. Similarly, for feMTC UEs supporting larger channel BW, an ENB can be defined, as proposed in [2]. Specifically, ENB is defined as a set of several adjacent NBs with the total BW being no larger than the maximum UE channel BW. 

In Rel-13 eMTC, a hierarchical resource allocation method is adopted, where at the higher level the NB index is indicated, and in the lower level the RB allocation within the NB is indicated. Similarly, a hierarchical resource allocation method based on ENB can be adopted for Rel-14 feMTC UEs supporting larger max channel BW. Specifically, the ENB index can be first indicated, further the NB allocation within the ENB can be indicated, and finally the PRB allocation within the NB can be indicated. Detailed resource allocation methods are discussed in our companion contribution [2].
For FH methods, in Rel-13 eMTC, BL/CE UEs support FH for MPDCCH and PDSCH over either 2 or 4 narrowbands (NBs) and for PUSCH over 2 NBs across the entire system BW. The enabling/disabling of FH is configured via UE-specific higher layer (dedicated RRC) signaling. Further, for unicast PDSCH and PUSCH, CEMode A UEs can be indicated to use or not use FH (once enabled by the higher layer configuration) in a dynamic manner via the DCI indicating the DL assignment or UL grant. The cell-specifically configured offset for FH is indicated in terms of NBs and wrap around is applied at the end of the LTE band edges.

For the class of feMTC UEs supporting larger BW for PDSCH and PUSCH, the resource allocation can be larger than a single NB and in this case, direct application of the FH as defined for Rel-13 BL/CE UEs can result in fragmentation of the PDSCH or PUSCH bandwidth at the LTE band edges due to the wrap-around operation. Such an example in a system with 10 MHz system BW is illustrated in Figure 1. 
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Figure 1. Example of fragmentation of PDSCH/PUSCH allocation with FH. The ENB #1 (NBs 4-7) is assigned for PDSCH/PUSCH transmission. With FH offset = 2NBs, the fragmentation occurs at the band edge.  
To address the fragmentation of PDSCH/PUSCH BW issue due to wrap around operation for FH, the following methods can be considered:

· One method is to rely on the eNB scheduler implementation, to ensure that the resulting NBs for a particular configured FH offset for feMTC UEs with larger BW support would not be impacted by the wrap around operation. However, this method may increase the scheduling complexity, and limit the scheduling flexibility, not only for feMTC UEs, but also other UEs that may collide with feMTC allocation.  
· When the fragmentation occurs, select the larger portion of NBs for PDSCH/PUSCH transmission and puncture the other NBs. With this method, in worst case half of allocated resources may be punctured for PDSCH/PUSCH transmission, which may result in performance degradation.
· ENB-based resource allocation and FH for feMTC UEs with larger BW support can be adopted, where the FH offset is defined as integer multiples of the number of NBs within the ENB, to avoid the wrap around impact on the FH. In other words, the FH offset granularity is in terms of ENBs. While this approach can be considered for UEs operating with maximum channel BW of 5MHz, this may not be suitable for UEs with maximum channel BW of 20MHz, as no FH will occur with offset granularity of 20MHz. 
· ENB-based resource allocation, with FH offset being any granularity of NBs (instead of ENBs) can be adopted. To avoid the wrap around issue, the FH is defined such that the ENB to hop to from the initial allocation is determined based on the first NB in the ENB, and the FH rule is defined such that the UE chooses ENB # j from ENB # i (initial assignment) such that the NB (NB_i + FH_offset) falls within ENB # j, where NB_i is the first NB of ENB #i. Figure 2 provides an example of this method. 
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Figure 2. Example of PDSCH/PUSCH allocation with FH, based on the first NB of the ENB.

Proposal 3
· Adopt ENB-based frequency domain resource allocation for Rel-14 BL/CE UEs.

· For BL/CE UEs with maximum channel bandwidth of 1.4MHz, this degenerates to Rel-13 NB-based resource allocation mechanism.
· RAN1 to down select between the following FH methods for UEs with larger BW support:

· Up to eNB scheduling.
· FH offset granularity at NB-level with puncturing of the smaller part when fragmentation occurs. 
· ENB-based resource allocation and FH, with FH offset granularity at ENB-level. 
· ENB-based resource allocation, with FH offset granularity at NB-level. 
3.2 Central PRB allocation
Recall that there is a central PRB that does not belong to any NB for odd system BW. To reserve the single carrier property of PUSCH, it is desirable to allocate the central PRB if its neighboring NBs are allocated for PUSCH transmission. For such an allocation, implicit indication based on the following predefined behavior can be adopted at least for PUSCH allocation: if the NB flanking the central PRB are allocated to the UE, the central PRB is also allocated to the UE. For PDSCH allocation, the central PRB may be left unassigned.
With the central PRB allocation, it is possible that the number of PRBs before and after hopping are different. To support FH with different number of PRBs in each hopped frequency region, the following methods can be considered:

· Different rate matching is applied to initial and hopped transmissions depending on the number of allocated REs. 
· If the central PRB is in the initial transmission but not in the hopped transmission, the data on the central PRB is punctured in the hopped transmission. On the other hand, if the central PRB is not in the initial transmission but in the hopped transmission, same rate matching can be applied and the central PRB is counted in the RE mapping. In this case, the last PRB will be left blank in the hopped transmission. 
Proposal 4

· For UL, the central PRB is allocated implicitly if NBs on at least one side of the central PRB are allocated.
Proposal 5
· To support the FH with different number of PRBs in each hopped frequency region, consider the following methods:

· Different rate matching is applied to initial and hopped transmissions depending on the number of allocated REs. 
· If the central PRB is in the initial transmission but not in the hopped transmission, the data on the central PRB is punctured in the hopped transmission. On the other hand, if the central PRB is not in the initial transmission but in the hopped transmission, same rate matching can be applied and the central PRB is counted in the RE mapping. In this case, the last PRB will be left blank in the hopped transmission. 
4 Conclusion

In this contribution, we discuss the need of FH support, and the frequency domain resource allocation and FH methods for feMTC UEs with larger maximum channel BW. Based on the link-level evaluations and discussions on various design aspects, we make the following observations and proposals:

Observation 1

· PDSCH transmission with distributed resource allocation improves the coverage performance compared to localized resource allocation, thanks to the frequency diversity gain.

· There are 1-2dB gain at BLER=1% and 0.4-0.7dB gain at BLER=10% for PDSCH transmission over distributed 6 PRBs within 5MHz, compared to PDSCH transmission over localized 6 PRBs, for RL≤2.
· FH provides coverage gain for PDSCH transmission with localized resource allocation, compared to distributed resource allocation within 5MHz channel BW.
· There are 1-2dB gain at BLER=1% and ~1dB gain at BLER=10% for PDSCH transmission with FH over 10MHz system BW, compared to PDSCH transmission over distributed RBs within 5MHz, for RL>2.
· FH improves the coverage for PUSCH transmission with max channel BW of 5MHz.

· There are ~3dB gain at BLER=1% and 1.5-2dB gain at BLER=10% for PUSCH transmission over 6 and 12 PRBs.
· The gain from FH reduces to 1.5-2.5dB at BLER=1% and ~1dB at BLER=10% for PUSCH transmission over 24 PRBs, as PUSCH transmission over larger channel BW can already achieve some frequency diversity gain.

Proposal 1

· For Rel-14 5MHz BL UEs, FH should be supported for both UL and DL transmission. 
· For non-BL UEs with maximum channel BW of 20MHz, FH should be supported at least for UL transmission.

Proposal 2
· FH for MPDCCH and PDSCH follows a common FH configuration, similar to Rel-13 eMTC.
Proposal 3
· Adopt ENB-based frequency domain resource allocation for Rel-14 BL/CE UEs.

· For BL/CE UEs with maximum channel bandwidth of 1.4MHz, this degenerates to Rel-13 NB-based resource allocation mechanism.

· RAN1 to down select between the following FH methods for UEs with larger BW support:

· Up to eNB scheduling.
· FH offset granularity at NB-level with puncturing of the smaller part when fragmentation occurs. 
· ENB-based resource allocation and FH, with FH offset granularity at ENB-level. 
· ENB-based resource allocation, with FH offset granularity at NB-level. 
Proposal 4

· For UL, the central PRB is allocated implicitly if NBs on at least one side of the central PRB are allocated.
Proposal 5
· To support the FH with different number of PRBs in each hopped frequency region, consider the following methods:

· Different rate matching is applied to initial and hopped transmissions depending on the number of allocated REs. 
· If the central PRB is in the initial transmission but not in the hopped transmission, the data on the central PRB is punctured in the hopped transmission. On the other hand, if the central PRB is not in the initial transmission but in the hopped transmission, same rate matching can be applied and the central PRB is counted in the RE mapping. In this case, the last PRB will be left blank in the hopped transmission. 
References
[1] Chairman’s notes, RAN1 #86bis, Lisbon, Portugal, Oct. 2016.
[2] R1-1611934, “On support of larger max channel BW for feMTC”, Intel, Reno, USA, Nov. 2016.

[3] R1-167319, “Support of larger TBS and larger PDSCH/PUSCH bandwidth for MTC”, ZTE, Gothenburg, Sweden, Aug. 2016. 

Appendix A: Simulation Assumptions

Table 4. Simulation assumptions for PDSCH. 
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1 Rx, 2Tx,  with low correlation

	Channel model
	EPA-5Hz

	Residual frequency offset
	0Hz 

	CFI
	3

	PDSCH occupied BW
	6, 12 and 24 PRBs.
Localized allocation if FH is enabled; evenly distributed over 24 PRBs if FH is disabled.

	HARQ
	Not enabled

	Performance target
	1% BLER and 10% BLER

	Freq. hopping pattern
	Hop every 2 SFs if enabled, at two edge of the system BW

	Channel estimation
	Cross-subframe channel estimation using 2D-MMSE


Table 5. Simulation assumptions for PUSCH. 
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1 Tx, 2 Rx, with low correlation

	Channel model
	EPA-5Hz

	Residual frequency offset
	100Hz 

	PUSCH occupied BW
	6, 12 and 24 PRBs. 
(Localized allocation)

	HARQ
	Not enabled

	Performance target
	1% BLER and 10% BLER

	Freq. hopping pattern
	Hop every 4 SFs if enabled, at two edge of the system BW

	Channel estimation
	Cross-subframe channel estimation using 2D-MMSE


Appendix B: Link-level Results
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Figure 3. PDSCH link-level performance.
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Figure 4. PUSCH link-level performance.
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