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Introduction
In RAN1#92bis the following was agreed [2]:
	Agreement
At least for BL/CE UE configured without other Rel-14/15 features, DCI size after padding is not increased in order to support flexible starting PRB. 
Note: For PUSCH and PDSCH, the solution may or may not be the same
Note: The solution may or may not be the same for FDD and TDD


In this contribution we share our views on the remaining issues of more flexible PDSCH/PUSCH resource allocation. This contribution only covers 1.4 MHz max PDSCH/PUSCH channel bandwidth and CE mode A. This document is a revision of R1-1806938 [3].
[bookmark: _Ref509836828]Motivation for more flexible PDSCH/PUSCH resource allocation
In the downlink, the misalignment between narrowband (NB) and resource block group (RBG) may cause inefficient resource utilization when multiplexing BL/CE UEs and non-BL/CE UEs in a cell. For example, allocation of a full NB to a BL/CE UE may cause one or more RBG(s) partially overlapping with that NB “wasted” as they cannot be allocated to non-BL/CE UEs (with a RBG-based resource allocation). Therefore, it is desired to define new resource allocations minimizing the overlaps with LTE RBGs (e.g. by aligning the starting PRBs with RBG boundaries).
It should be noted though that the above problem only occurs when multiplexing BL/CE UEs and non-BL/CE UEs, and whatever solution is adopted to solve the problem, the resulting resource allocation may cause “NB fragmentation” which may in return cause a problem for legacy BL/CE UEs. For a given BL/CE UE, resource allocation may, for some PDSCHs/PUSCHs, be required to avoid “RBG fragmentation”, and for some other PDSCHs/PUSCHs, be required to avoid “NB fragmentation”, depending on the mix of UEs in the cell at a given time. Hence it is highly desirable that resource allocation can be switched dynamically (i.e. via DCI) between the “more flexible” schemes and the legacy schemes fog a given BL/CE UE.
It should also be noted that the problem is more visible (or, only visible) for larger numbers of allocated resource blocks. For small numbers of allocated resource blocks for PDSCH/PUSCH in CE mode A and for PUSCH in CE mode B, the problem can be largely avoided by the already flexible legacy resource allocation within a NB. Taking Figure 1 as an example, although NB0 overlaps with 3 RBGs, the problem may only occur when the full NB is allocated to BL/CE UEs. For resource allocation of 2, 3, 4, and 5 PRBs, the overlap with RBGs can be minimized already by legacy resource allocations (see RA1 to RA4 in Figure 1).
[image: ] 
[bookmark: _Ref510526230]Figure 1: Legacy resource allocation minimizing overlaps with RBGs (10 MHz LTE system bandwidth)
Observation 1: In the downlink, it is desired to define new resource allocations minimizing the overlaps with LTE RBGs (e.g. by aligning the starting PRBs with RBG boundaries).
Observation 2: In the downlink, the problem of inefficient resource utilization is only visible when multiplexing BL/CE UEs and non-BL/CE UEs, and when allocating larger numbers of resource blocks to the BL/CE UEs.
For the uplink, we share the observation in [5] that the problem to be solved is the potential NB and RBG fragmentation near the edge of the LTE system bandwidth due to resource allocation for PRACH and PUCCH.
[bookmark: _Ref509831100]Summary of proposals for more flexible PDSCH resource allocation
With the agreement in RAN1#92bis, and the fact that the total size of DCI format 6-1A can be larger than DCI format 6-0A, it is desirable to use the reserved bits/states in DCI format 6-1A to support more flexible PDSCH resource allocation in CE mode A.
It was observed in previous meetings that in case of 1.4 MHz max PDSCH channel bandwidth, there are unused states in the “Resource block assignment” field ( bits) in DCI format 6-1A that can be used to extend the resource allocations. Two alternatives were identified:
· Alt-1 ([4], [5], [6]): interpret the  bits as NB index, and the remaining 5 bits as RIV where there are 11 unused states (i.e. same as DL resource allocation type 2). As a result, 11 new resource allocations can be defined per NB location.
· Alt-2 ([3]): interpret all  bits as RIV (i.e. similar to UL resource allocation type 4). There are a total of  unused states available for new resource allocations.
The difference between Alt-1 and Alt-2 can be illustrated by Figure 2 (where the starting PRB is defined by an NB index and a PRB index relative to the starting PRB of the NB) and Figure 3 (where the starting PRB reuses LTE PRB numbering and can be chosen from any PRB within the LTE system bandwidth).
[image: ]
[bookmark: _Ref513452503]Figure 2: Illustration of Alt-1 (starting PRB relative to NB)
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[bookmark: _Ref513452490]Figure 3: Illustration of Alt-2 (absolute numbering of starting PRB)
It can be seen that Alt-1 has the following restrictions:
· A resource allocation aligning with RBG boundaries for some NBs may not align with RBG boundaries for other NBs.
· A resource allocation aligning with RBG boundaries in one NB for one LTE system bandwidth may not align with RBG boundaries in the same NB for other LTE system bandwidths.
· If during frequency hopping the same RIV is used and RBG alignment has to be kept, the candidate locations for frequency hopping can be very restrictive, see e.g. the analysis in section 4.2.1 of [6]. If the RIV can instead be changed during frequency hopping, such a restriction may be relieved but the overall design would be too complex.
Some solutions were proposed in RAN1#93 to address the above restrictions for Alt-1, e.g. in [6], 9 tables were defined, each containing resource allocations for one “RBG misalignment pattern”, and one or more of these tables were used for a given LTE system bandwidth. Another example is [4] where the starting PRB is not a constant. Instead, it is defined as a variable equal to either the starting PRB of the RBG closest to the start of the reference NB, or a constant offset to the ending PRB of the RBG closest to the end of the reference NB. With each of such proposals, the new resource allocations can, to some extent, get rid of the dependence of the NB location and/or LTE system bandwidth.
In [5] it was proposed that new resource allocations should be complementary to the legacy ones such that the supported starting PRBs are contiguous. For example, for a block of 2 PRBs (i.e. ), the legacy resource allocations allow  within the NB, and [5] proposed to add . Due to the limited number of available unused states per NB location, no new resource allocation was proposed for .
Comparing to Alt-1, Alt-2 is more flexible in choosing the  combinations. For example, since the motivation is to align the new resource allocations with RBG boundaries, one simple solution (called Alt-2-1 in this document) is to find out all  combinations satisfying the following and map the unused RIV states to these combinations in tables, one for each LTE system bandwidth:
·  aligns with the starting or ending PRB of a RBG.
· .
·  is not already covered by legacy resource allocations.
The above  combinations can be well accommodated by the unused states in each LTE system bandwidth, with the exception that for 3 MHz LTE system bandwidth there are 24 satisfactory  combinations and only 22 unused states, in which case at most 21  combinations can be defined (one remaining unused state has been agreed to be used for explicit HARQ-ACK feedback). The resulting mapping tables can be found in the Annex (from Table 3 to Table 7).
Another example of Alt-2 was proposed in [3] (called Alt-2-2 in this document), i.e. first map the unused states to a consecutive range of integers (in the same way as UL RA type 4),

And then map  to the allowed  combinations, e.g.  where  (i.e. aligning with only the starting PRBs of RBGs), and , and the set of allocated PRBs (i.e. from  to ) do not fully fall in any NB. 
Analysis of resource allocation proposals
A good metric for evaluation of resource utilization efficiency improvement is the number of new resource allocations (excluding resource allocations overlapping with legacy ones) aligning with RBG boundaries. This is summarized in Table 1. The larger this number is, the higher probability the resources provided to a BL/CE UE can minimize the number of overlapped RBGs with.
[bookmark: _Ref513537116]Table 1 Number of new resource allocations aligning with RBG boundaries
	LTE system bandwidth (MHz)
	[4]
	[5]
	[6]
	Alt-2-1
	Alt-2-2

	3
	14
	12
	9
	21 (*)
	16

	5
	25
	18
	14
	35
	26

	10
	61
	46
	61
	73
	56

	15
	74
	56
	54
	85
	47

	20
	91
	55
	59
	93
	51


	* There are 24 satisfactory new resource allocations but only 22 unused states, and one of the unused states is already used for explicit HARQ-ACK feedback.
Another metric of interest is the number of new resource allocations overlapping with legacy ones. This is summarized in Table 2. A large number here not only complicates UE processing (the UE has to map two “Resource block assignment” states to the same resource allocation), but also unnecessarily reduce the number of unused states which could have been used for other/future enhancements (example: one unused state of the same field has been agreed to be used for explicit HARQ-ACK feedback in efeMTC).
[bookmark: _Ref513792728]Table 2 Number of new resource allocations overlapping with legacy ones
	LTE system bandwidth (MHz)
	[4]
	[5]
	[6]
	Alt-2-1
	Alt-2-2

	3
	0
	0
	8
	0
	0

	5
	2
	0
	16
	0
	0

	10
	7
	0
	0
	0
	0

	15
	33
	0
	35
	0
	0

	20
	62
	0
	87
	0
	0


Therefore, the design of flexible starting PRBs should preferably maximize the number of new resource allocations aligning with RBG boundaries and minimize the number of new resource allocations overlapping with legacy ones, e.g. Alt-2-1.
Another design consideration was raised in [5] that the resource allocation should allow “packing several BL/CE UEs back-to-back with a large degree of flexibility”. However, this should only be considered when good alignment with RBG boundaries has been achieved. Otherwise we don’t see how the design follows the motivation of the “flexible starting PRB” objective of the WID which was to improve resource utilization efficiency when multiplexing BL/CE UEs and non-BL/CE UEs. For multiplexing of BL/CE UEs and BL/CE UEs the legacy resource allocation has already provided sufficient flexibility. Furthermore, we think it is undesirable to provide resource utilization efficiency improvements only for some numbers of allocated resource blocks and not for others (e.g. no improvement for  as proposed in [5]).
Proposal 1: For a BL/CE UE configured with flexible starting PDSCH PRB and max 1.4 MHz PDSCH channel bandwidth, use up to  reserved states in the “Resource block assignment” field in DCI format 6-1A for  combinations where  aligns with the starting or ending PRB of a RBG.
Frequency hopping
[bookmark: _GoBack]As mentioned in section 3, the candidate locations for frequency hopping can be very restrictive for Alt-1. Such a restriction does not exist in Alt-2 where the legacy NB hopping can be largely reused with the NB offset approximated to an integer multiple of RBG size.
Conclusion
In this contribution, we discuss the support for more flexible PDSCH/PUSCH resource allocation in efeMTC and make the following observations/proposals:
Observation 1: In the downlink, it is desired to define new resource allocations minimizing the overlaps with LTE RBGs (e.g. by aligning the starting PRBs with RBG boundaries).
Observation 2: In the downlink, the problem of inefficient resource utilization is only visible when multiplexing BL/CE UEs and non-BL/CE UEs, and when allocating larger numbers of resource blocks to the BL/CE UEs.
Proposal 1: For a BL/CE UE configured with flexible starting PDSCH PRB and max 1.4 MHz PDSCH channel bandwidth, use up to  reserved states in the “Resource block assignment” field in DCI format 6-1A for  combinations where  aligns with the starting or ending PRB of a RBG.
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Annex
[bookmark: _Ref511670221]Table 3 Mapping from unused states to () combinations that align with RBG boundaries (3 MHz LTE system bandwidth)
	
	
	
	
	
	
	
	

	21
	(0, 2)
	27
	(3, 5)
	54
	(6, 2)
	60
	(7, 5)

	22
	(0, 3)
	28
	(4, 4)
	55
	(6, 3)
	61
	(9, 6)

	23
	(0, 4)
	29
	(4, 5)
	56
	(6, 4)
	62
	(10, 5)

	24
	(0, 5)
	30
	(4, 6)
	57
	(6, 5)
	 
	 

	25
	(0, 6)
	31
	(5, 3)
	58
	(6, 6)
	 
	 

	26
	(2, 6)
	53
	(5, 5)
	59
	(7, 3)
	 
	 



Table 4 Mapping from unused states to () combinations that align with RBG boundaries (5 MHz LTE system bandwidth)
	
	
	
	
	
	
	
	

	21
	(2, 5)
	30
	(8, 5)
	60
	(12, 2)
	90
	(16, 6)

	22
	(2, 6)
	31
	(8, 6)
	61
	(12, 3)
	91
	(17, 3)

	23
	(3, 5)
	53
	(9, 5)
	62
	(12, 4)
	92
	(17, 5)

	24
	(4, 3)
	54
	(10, 3)
	63
	(12, 5)
	93
	(18, 2)

	25
	(4, 4)
	55
	(10, 4)
	85
	(12, 6)
	94
	(18, 3)

	26
	(4, 5)
	56
	(10, 5)
	86
	(14, 6)
	95
	(18, 4)

	27
	(4, 6)
	57
	(10, 6)
	87
	(15, 5)
	117
	(18, 5)

	28
	(5, 3)
	58
	(11, 3)
	88
	(16, 4)
	118
	(18, 6)

	29
	(5, 5)
	59
	(11, 5)
	89
	(16, 5)
	 
	 



Table 5 Mapping from unused states to () combinations that align with RBG boundaries (10 MHz LTE system bandwidth)
	
	
	
	
	
	
	
	

	21
	(0, 2)
	61
	(12, 3)
	122
	(24, 4)
	183
	(36, 5)

	22
	(0, 3)
	62
	(12, 4)
	123
	(24, 5)
	184
	(36, 6)

	23
	(0, 4)
	63
	(12, 5)
	124
	(24, 6)
	185
	(39, 5)

	24
	(0, 5)
	85
	(12, 6)
	125
	(27, 5)
	186
	(39, 6)

	25
	(0, 6)
	86
	(15, 5)
	126
	(27, 6)
	187
	(40, 5)

	26
	(3, 5)
	87
	(15, 6)
	127
	(28, 5)
	188
	(41, 4)

	27
	(3, 6)
	88
	(16, 5)
	149
	(29, 4)
	189
	(42, 2)

	28
	(4, 5)
	89
	(17, 4)
	150
	(30, 2)
	190
	(42, 3)

	29
	(5, 4)
	90
	(18, 2)
	151
	(30, 3)
	191
	(42, 4)

	30
	(6, 2)
	91
	(18, 3)
	152
	(30, 4)
	213
	(42, 5)

	31
	(6, 3)
	92
	(18, 4)
	153
	(30, 5)
	214
	(42, 6)

	53
	(6, 4)
	93
	(18, 5)
	154
	(30, 6)
	215
	(44, 6)

	54
	(6, 5)
	94
	(18, 6)
	155
	(33, 5)
	216
	(45, 5)

	55
	(6, 6)
	95
	(21, 5)
	156
	(33, 6)
	217
	(46, 4)

	56
	(9, 5)
	117
	(21, 6)
	157
	(34, 5)
	218
	(47, 3)

	57
	(9, 6)
	118
	(22, 5)
	158
	(35, 4)
	219
	(48, 2)

	58
	(10, 5)
	119
	(23, 4)
	159
	(36, 2)
	 
	 

	59
	(11, 4)
	120
	(24, 2)
	181
	(36, 3)
	 
	 

	60
	(12, 2)
	121
	(24, 3)
	182
	(36, 4)
	 
	 



Table 6 Mapping from unused states to () combinations that align with RBG boundaries (15 MHz LTE system bandwidth)
	
	
	
	
	
	
	
	

	21
	(0, 2)
	85
	(15, 5)
	149
	(30, 6)
	213
	(52, 6)

	22
	(0, 3)
	86
	(16, 4)
	150
	(32, 6)
	214
	(54, 6)

	23
	(0, 4)
	87
	(16, 5)
	151
	(34, 6)
	215
	(55, 5)

	24
	(0, 5)
	88
	(16, 6)
	152
	(35, 5)
	216
	(58, 6)

	25
	(0, 6)
	89
	(17, 3)
	153
	(36, 2)
	217
	(59, 5)

	26
	(2, 6)
	90
	(18, 2)
	154
	(36, 3)
	218
	(60, 3)

	27
	(3, 5)
	91
	(18, 6)
	155
	(36, 4)
	219
	(60, 4)

	28
	(4, 4)
	92
	(20, 6)
	156
	(36, 5)
	220
	(60, 5)

	29
	(4, 5)
	93
	(22, 6)
	157
	(36, 6)
	221
	(60, 6)

	30
	(4, 6)
	94
	(23, 5)
	158
	(37, 3)
	222
	(61, 3)

	31
	(5, 3)
	95
	(24, 2)
	159
	(40, 5)
	223
	(64, 5)

	53
	(6, 2)
	117
	(24, 3)
	181
	(40, 6)
	245
	(64, 6)

	54
	(6, 6)
	118
	(24, 4)
	182
	(42, 6)
	246
	(66, 6)

	55
	(8, 6)
	119
	(24, 5)
	183
	(43, 5)
	247
	(67, 5)

	56
	(10, 6)
	120
	(24, 6)
	184
	(46, 6)
	248
	(69, 6)

	57
	(11, 5)
	121
	(26, 6)
	185
	(47, 5)
	249
	(70, 5)

	58
	(12, 2)
	122
	(27, 5)
	186
	(48, 3)
	250
	(71, 4)

	59
	(12, 3)
	123
	(28, 4)
	187
	(48, 4)
	251
	(72, 3)

	60
	(12, 4)
	124
	(28, 5)
	188
	(48, 5)
	252
	(73, 2)

	61
	(12, 5)
	125
	(28, 6)
	189
	(48, 6)
	 
	 

	62
	(12, 6)
	126
	(29, 3)
	190
	(49, 3)
	 
	 

	63
	(14, 6)
	127
	(30, 2)
	191
	(52, 5)
	 
	 



[bookmark: _Ref514162551]Table 7 Mapping from unused states to () combinations that align with RBG boundaries (20 MHz LTE system bandwidth)
	
	
	
	
	
	
	
	

	21
	(0, 2)
	87
	(24, 4)
	153
	(48, 6)
	219
	(76, 5)

	22
	(0, 3)
	88
	(24, 5)
	154
	(49, 3)
	220
	(76, 6)

	23
	(0, 4)
	89
	(24, 6)
	155
	(52, 5)
	221
	(78, 6)

	24
	(0, 5)
	90
	(25, 3)
	156
	(52, 6)
	222
	(79, 5)

	25
	(0, 6)
	91
	(28, 5)
	157
	(54, 6)
	223
	(82, 6)

	26
	(1, 3)
	92
	(28, 6)
	158
	(55, 5)
	245
	(83, 5)

	27
	(4, 5)
	93
	(30, 6)
	159
	(58, 6)
	246
	(84, 3)

	28
	(4, 6)
	94
	(31, 5)
	181
	(59, 5)
	247
	(84, 4)

	29
	(6, 6)
	95
	(34, 6)
	182
	(60, 3)
	248
	(84, 5)

	30
	(7, 5)
	117
	(35, 5)
	183
	(60, 4)
	249
	(84, 6)

	31
	(10, 6)
	118
	(36, 3)
	184
	(60, 5)
	250
	(85, 3)

	53
	(11, 5)
	119
	(36, 4)
	185
	(60, 6)
	251
	(88, 5)

	54
	(12, 3)
	120
	(36, 5)
	186
	(61, 3)
	252
	(88, 6)

	55
	(12, 4)
	121
	(36, 6)
	187
	(64, 5)
	253
	(90, 6)

	56
	(12, 5)
	122
	(37, 3)
	188
	(64, 6)
	254
	(91, 5)

	57
	(12, 6)
	123
	(40, 5)
	189
	(66, 6)
	255
	(94, 6)

	58
	(13, 3)
	124
	(40, 6)
	190
	(67, 5)
	277
	(95, 5)

	59
	(16, 5)
	125
	(42, 6)
	191
	(70, 6)
	278
	(96, 3)

	60
	(16, 6)
	126
	(43, 5)
	213
	(71, 5)
	279
	(96, 4)

	61
	(18, 6)
	127
	(46, 6)
	214
	(72, 3)
	280
	(97, 3)

	62
	(19, 5)
	149
	(47, 5)
	215
	(72, 4)
	281
	(98, 2)

	63
	(22, 6)
	150
	(48, 3)
	216
	(72, 5)
	 
	 

	85
	(23, 5)
	151
	(48, 4)
	217
	(72, 6)
	 
	 

	86
	(24, 3)
	152
	(48, 5)
	218
	(73, 3)
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