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1 Introduction
The NB-PUSCH (or NPUSCH as per draft CR’s) design was progressed in March RAN1 NB-IoT Ad-Hoc and various agreements were made. In the email discussion after the meeting, additional agreements were made further progressing the design. In this contribution, we address some of the remaining open issues related to NB-PUSCH design. 
2 NB-PUSCH encoding
In RAN1 AdHoc#2 on NB-IoT held in March following agreements related to TBS size and the scheduling unit were made:

	· Maximum TBS size for NB-PUSCH is 1000 bits

· Repetition

· The repetition pattern within the allocated resources is realized by using Cyclic repetition

· In each cycle, each subframe/NB-slot in the allocated resources is repeated consecutively for Z times

· Z = Min(4, repetition) for multi-tone transmission

· Z = 1 for single-tone transmission

· Different scrambling is used in each cycle

· NOTE: RV cycling is feasible under this repetition

· Two redundancy versions, LTE RV0 and LTE RV2, are supported for NB-PUSCH
· TBS/MCS

· For multi-tone and single-tone,

· RV0 or RV2 is separately indicated by 1 bit DCI. RV2 is supported in all ITBS

· Starting point is to reuse TBS/MCS table for DL

· ITBS is 4 bits indication in DCI

· NPRB is 3 bits indication in DCI. NPRB indicates the number of resource unit   

· For multi-tone, support ITBS equals 0 to at least 10

· For single-tone, support ITBS equals 0 to 10

· For single-tone cases,

· Pi/2 BPSK is used for the lowest one ITBS entry or lowest two ITBS entries. Pi/4 QPSK is used in the other ITBS entries


Encoding

There seems to be rather good consensus re-usign LTE based CRC, Turbo encoding, rate matching and scrambling for NB-PUSCH. Hence it is proposed confirm following:

· 24-bit CRC is added to the information payload, similarly as depicted in Section 5.1.1 in [2](generated according to polynomial gCRC24B(D)). 
· Channel coding is based on the LTE turbo code encoder in Sections 5.1.3.2 of [2]. 
· In addition rate matching is done (as described in 5.1.4.1[2]) and scrambling applied, initialized at the start of each codeword and at the start of each repetition cycle. 
· Furthermore mapping to physical resources is also proposed to follow LTE; frequency first then time. Note that it is assumed that due to the limited maximum size of TB’s there is no need for code block segmentation.  
Now while it is proposed to base the NB-PUSCH encoding to the LTE baseline, it is good to note that there may be need to adjusting  the redundancy version starting points to avoid problems and/or optimize the performance when considering the largest TB sizes. Also when considering the minimum schedulable resource unit and possibility of extending TB over multiple resource units, there could be scenarios where by dynamically increasing the channel interleaver length, some performance benefit could be obtained. However at this time it is not clear whether such optimisation would justify the increased complexity. 
Proposal 1: Confirm the assumption to re-use the LTE PUSCH encoding for NPUSCH. 

MCS, TBS, RV index and repetitions
In RAN1 Ad-Hoc#2 the outline for UL TBS table was agreed to finalized over the email discussion. At the moment of writing there is still ongoing discussion over the details of the MCS/TBS tables. The proposal in [5] is shown Annex A, and accounting the discussion, it is still proposed to be adopted as the MCS/TBS mapping for NB-PUSCH.
Proposal 2: Adopt the MCS/TBS tables show in Annex A (based on [5]) for NB-PUSCH
The number of repetitions has not been yet agreed for NB-PUSCH. In eMTC, predefined set of repetition numbers is used for PUSCH, where the set is defined as {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}. Therefore, it is proposed to use the same set of repetition numbers as eMTC and as also proposed for NB-PDSCH in [4], covering both single tone (pi/2-BPSK, pi/4-QPSK) and multitoned transmission.
Proposal 3: The predefined set of NB-PUSCH numbers of repetitions is {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}.
The agreed repetition scheme operates on two levels; sub-frame/NB-slot level and TTI(resource unit) level, so that Z repetitions are done in sub-frame level and R/Z are done by repeating the TTI. TTI level repetitions could be done using the same fixed redundancy version or two supported RV’s could be e.g. alternated in consecutive repetitions. As the current repetition scheme allows RV cycling to be used, and 2 RV’s have been agreed to be supported, it would seem beneficial to consider also the support of RV cycling for the TTI level repetitions. Hence it is proposed that RV cycling is supported for repetitions.
Proposal 4: RV cycling is supported for NB-PUSCH repetitions
If there are concerns that RV cyclic would not be needed or desirable to be used always, it could be set to be configurable. For example as it has been also agreed to indicate the used RV in DCI, it could be used to define whether RV cycling is applied or not. Hence if repetitions are applied and RV0 is indicated in DCI, no cycling is applied, but when RV2 is indicated, RV cyclic is used.

In addition, it would need to be clarified how the repetitions are realised when the (total) number of repetitions is lower than Z. To approaches can be envisioned, repetitions are carried either only in TTI level (enabling RV cycling) or only at sub-frame level. As it could be envisioned that low number of repetitions would not used in worst scenarios, but mostly used to lower the CR it would seem that RV cycling would be preferable.

Proposal 5: If number of the repetitions is less or equal to Z, repetitions are done only at TTI level  
3 Conclusions

To endorse the implications of the agreements made in RAN1 NB-IoT AdHoc#2 and to conclude some missing details, following proposals are made:- 
Proposal 1: Confirm the assumption to re-use the LTE PUSCH encoding for NPUSCH. 
Proposal 2: Adopt the MCS/TBS tables show in Annex A (based on [5]) for NB-PUSCH
Proposal 3: The predefined set of NB-PUSH numbers of repetitions is {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}.
Proposal 4: RV cycling is supported for NB-PUSCH repetitions

Proposal 5: If number of the repetitions is less or equal to Z, repetitions are done only at TTI level  
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Annex A

Representation of the MCS and TBS tables proposed in [5] for easier reference.

Table A-1: Modulation and TBS index table for NPUSCH multitone transmission
	MCS Index
IMCS
	Modulation Order
Qm
	TBS Index
ITBS

	0
	QPSK
	0

	1
	QPSK
	1

	2
	QPSK
	2

	3
	QPSK
	3

	4
	QPSK
	4

	5
	QPSK
	5

	6
	QPSK
	6

	7
	QPSK
	7

	8
	QPSK
	8

	9
	QPSK
	9

	10
	QPSK
	10

	11
	QPSK
	11

	12
	QPSK
	12


Table A-2: Modulation and TBS index table for NPUSCH single tone transmission
	MCS Index
IMCS
	Modulation Order
Qm
	TBS Index
ITBS

	0
	pi/2-BPSK
	0

	1
	pi/2-BPSK
	2

	2
	pi/4-QPSK
	1

	3
	pi/4-QPSK
	3

	4
	pi/4-QPSK
	4

	5
	pi/4-QPSK
	5

	6
	pi/4-QPSK
	6

	7
	pi/4-QPSK
	7

	8
	pi/4-QPSK
	8

	9
	pi/4-QPSK
	9

	10
	pi/4-QPSK
	10


Table A-3: Transport block size table 
	ITBS
	NRU

	
	1
	2
	3
	4
	5
	6
	8
	10

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	696

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	N/A

	8
	120
	256
	392
	536
	680
	808
	N/A
	N/A

	9
	136
	296
	456
	616
	776
	936
	N/A
	N/A

	10
	144
	328
	504
	680
	872
	1000
	N/A
	N/A

	11
	176
	376
	584
	776
	1000
	N/A
	N/A
	N/A

	12
	208
	440
	680
	1000
	N/A
	N/A
	N/A
	N/A

	Note: Values in red italic have been adjusted compared to to values in Table 7.1.7.2.1-1[3]



