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1. Introduction 
In RAN1#83 [1] we agreed the following on NB-IoT uplink:

· Proposal for NB-IoT UL

· Single-tone transmissions are supported

· 2 numerologies should be configurable for Single-tone transmission: [3.75]kHz and 15kHz

· A cyclic prefix is inserted

· Frequency domain Sinc pulse shaping in the physical layer description

· Multi-tone transmissions are supported

· Multi-tone transmissions are based on SC-FDMA

· 15 kHz UL subcarrier spacing

· Additional mechanisms for PAPR reduction FFS

· The UE shall indicate the support of Single-tone and/or Multi-tone

· Details to be discussed by WGs
Furthermore in RAN#70 [2], the following working assumption was made:
· At least the first UL message after NB-PRACH for initial access to the network can be at least via single-tone UL

· RAN1 to inform RAN2 in January the supportable message size, i.e. same number of bits as LTE Msg3 or another number of bits, while meeting latency and coverage targets for this message

· Both of the following are supported by the specifications:

· 3.75 kHz subcarrier spacing for the first transmission after the first UL random access transmission

· 15 kHz subcarrier spacing for the first transmission after the first UL random access transmission

· Details of network configurability is left to WGs (including the possibility of configuring both in the same cell)

· RAN will make the decision on capability/interoperability testing at RAN#71. 

This contribution discusses some considerations on NB-PUSCH.
2. Discussion
In the uplink, i.e. PUSCH transmission, multi-tone and single tone transmissions are possible.  For multi-tone transmissions, the subcarrier bandwidth is 15 kHz allowing up to 12 tones (subcarriers) transmission.  In Rel-13 eMTC, the RB scheduling uses resource allocation type 0 (i.e. continuous RBs allocation) which requires fewer DCI bits, is simpler and has a lower PAPR than discontinuous transmission.  Furthermore, there was no clear benefit in having discontinuous RB allocation.  Similarly, for multi-tone NB-IoT transmissions, the subcarrier allocation should also be continuous.

Proposal 1: The subcarrier allocations for multi-tones transmission should be continuous.
For multi-tone transmission, it should be possible to allocate all subcarriers (i.e. 12 tones) to a single UE to support large TBS.  It is already agreed that multi tone operation is possible for 15 kHz.  The granularity in terms of the number of subcarriers between 1 subcarrier and 12 subcarriers can be coarser than 1 subcarrier.  To reduce the number of DCI bits, 2 bits or 4 different number of subcarriers can be indicated, this can be {1, 3, 6, 12} (i.e. doubling of resources) or {1, 4, 8, 12}.  We have no strong view on this but have a slight preference for {1, 3, 6, 12}.
Proposal 2: The number of subcarriers that can be allocated to a single UE is {1, 3, 6, 12}.

Single tone transmission can be transmitted at 3.75 kHz or 15 kHz subcarrier bandwidth.  It would be beneficial in terms of scheduling to be able to switch dynamically between 3.75 kHz and 15 kHz for capacity and coverage purposes.  Hence whether 3.75 kHz or 15 kHz subcarrier bandwidth is used should be indicated in the DCI (e.g. 1 bit indicator).  It would also be preferable that the same DCI size and format is used for both 3.75 kHz and 15 kHz subcarrier bandwidth to avoid increasing blind decoding requirements at the UE.  The resource allocation field can be interpreted according to which subcarrier bandwidth is used.  For example if 3.75 kHz subcarrier bandwidth is indicated then there are 48 possible (single) subcarrier allocations whilst if 15 kHz subcarrier bandwidth is indicated then multi-subcarrier allocations can be allocated.
Proposal 3: The DCI indicates whether 3.75 kHz or 15 kHz subcarrier bandwidth is used.  

Proposal 4: The same DCI format/size is used for both 3.75 kHz and 15 kHz subcarrier bandwidths.

It is a working assumption that the first message after NB-PRACH (i.e. Message 3) can be single tone.  Similar to other PUSCH transmission, it is beneficial in terms of scheduling that the eNB can indicate whether 3.75 kHz or 15 kHz subcarrier bandwidth is used. This can be indicated in the uplink grant in the RAR.
Proposal 5: The RAR indicates whether 3.75 kHz or 15 kHz subcarrier bandwidth is used.

During the email discussion, the concept of a basic resource unit that can be scheduled was raised.  In the frequency domain, the basic resource should be a single subcarrier (3.75 kHz or 15 kHz).  In the time domain the basic time resource unit is X subframes (1 ms).  It is understood that multiple such basic resource units can be scheduled for a single TB.  For example a TB can be mapped onto 4 basic resource units consisting of 2 subcarriers × 2X subframes.  The multiple number of X subframes may be limited to a set e.g. {X, 2X, 3X, 4X}.  However, it is unclear what the basic time resource, i.e. value X should be. Some alternatives considered in the email discussion are:

· Alt-1: The basic time resource X depends on the number of subcarriers being scheduled.  For example, X can scale with the number of subcarriers such as XN = (K/N(, where N is the number of subcarriers used, K (e.g. K=12) is a constant and XN is the basic time resource unit (number of subframes) when N subcarriers are used.   

· Alt-2: The basic time resource X is fixed regardless of the number of subcarriers used.

Since multiple resource units in frequency and time can be allocated to a TB, the value of X would define the possible TTI values.  Therefore it is easier to consider the TTI values used for NB-PUSCH directly instead of defining X.  Since the frequency resource is limited to 1 PRB, the TTI (i.e. time resource) would therefore determine the largest TBS that can be supported.  If we assume only QPSK is supported, from 36.213, the largest MCS index is IMCS=10 which corresponds to TBS Index, ITBS=10 and the TBS supported at this MCS is summarized in Table 1.
Table 1: TBS supported at ITBS=10 for different number of PRBs
	NPRB
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	TBS (bits)
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736


It can be seen that with 1 PRB and if TTI is 1 subframe, the TBS supported is 144 bits.  In 45.820, the assumed payload size (for Mobile Autonomous Reporting (MAR) UL periodic reports) is 200 bytes (1600 bits), which suggests a maximum TTI of 10 subframes (to provide the equivalent of 10 PRBs).  However, fixing the TTI to 10 subframes would lead to inefficient use of resource if the TBS is small, requiring less than 10 subframes worth of resources.  Hence, the resource is efficiently used if the TTI is variable rather than fixed.  A set of TTI values can be defined for different numbers of subcarrier used for NB-PUSCH transmission.  The TTI used for a NB-PUSCH can be indicated explicitly or implicitly (e.g. depending on MCS, TBS and number of subcarrier used) in the DCI.
Observation: The resource is more efficiently utilized if the TTI is variable rather than fixed.

Proposal 6: A set of possible TTI values is defined for each different number of subcarrier used in NB-PUSCH transmission.  The TTI used is indicated in the DCI.
During the email discussion, it was suggested that NB-PDSCH ACK/NACK is carried by NB-PUSCH instead of NB-PUCCH so that the number of physical channels supported by NB-IoT UE is reduced.  We list here some alternatives to carry the NB-PDSCH ACK/NACK:
· Alt-A: The ACK/NACK forms a TB (e.g. using the smallest TBS) and goes through the entire NB-PUSCH encoding process, which includes attaching a CRC.  This would incur very high overhead for a single information bit.

· Alt-B: Using the legacy LTE method where the encoded ACK/NACK bits puncture the NB-PUSCH REs (that are close to the DMRS).  Since only a fraction of REs are used to carry the ACK/NACK, if there is no data on the NB-PUSCH, this would leave a lot of REs empty.

· Alt-C: Introduce a new RE mapping that maps the ACK/NACK info bits to NB-PUSCH using up all the REs in NB-PUSCH.
· Alt-D: Reuse PUCCH Format 1a but allow it to be mapped to 1 or more carriers instead of occupying an entire PRB.
The high overhead in Alt-A and Alt-B does not justify removing PUCCH.  Hence we prefer to consider Alt-C and Alt-D.  An implicit indication of the resources used to carry the ACK/NACK can be used e.g. based on the CCE index of the DCI used to schedule NB-PDSCH.
Proposal 7: The NB-PDSCH ACK/NACK can be transmitted by either:

· Using a new RE mapping that maps ACK/NACK info bits to NB-PUSCH utilizing all the REs

· Or reuse PUCCH Format 1a with some modification to allow sub-PRB transmission

RV cycling is introduced in Rel-13 eMTC to allow transmission of large TBS especially when repetition is used.  If a TB can be mapped across multiple subframes, then RV cycling is not required to support large TBS.
Proposal 8: If a TB can be mapped across multiple subframes, RV cycling is not required.
Frequency hopping is used in Rel-13 eMTC especially when repetition is used to provide frequency diversity.  However, this is only applicable if multi NB-IoT bandwidths are configured e.g., in the in-band operation.  Due to the tight schedule to complete Rel-13 NB-IoT, frequency hopping can be considered in Rel-14 NB-IoT.
Proposal 9: Frequency Hopping for NB-IoT is not supported in Rel-13 NB-IoT.

CDMA using orthogonal codes to increase capacity of PUSCH has been proposed [3].  CDMA requires fast power control to avoid near far problems, which is not feasible for UEs in coverage enhancement.  Since 3.75 kHz single tone transmission is introduced which can increase capacity, the use of CDMA for capacity increase is no longer required.  Hence, there is no need to introduce CDMA in NB-IoT.
Proposal 10: CDMA is not introduced in NB-IoT.

In Rel-13 eMTC, for FDD, the frequency separation between the downlink narrowband and uplink narrowband (i.e. duplex spacing) is flexible as long as there are within the LTE system bandwidth, which provides flexible scheduling for the eNB.  Such flexibility should be maintained in NB-IoT in-band operation.  The uplink band can be indicated in the SIB in a semi-static manner. It is assumed that the uplink band is not dynamically assigned to a UE.
Proposal 11: For inband operation, the frequency separation between NB-IoT downlink and uplink band is configurable in the SIB.
3. Conclusion

In this contribution we discuss some considerations of PUSCH and we observe that:

Observation: The resource is more efficiently utilized if the TTI is variable rather than fixed.

We propose the following:
Proposal 1: The subcarrier allocations for multi-tones transmission should be continuous.
Proposal 2: The number of subcarriers that can be allocated to a single UE is {1, 3, 6, 12}.
Proposal 3: The DCI indicates whether 3.75 kHz or 15 kHz subcarrier bandwidth is used.  

Proposal 4: The same DCI format/size is used for both 3.75 kHz and 15 kHz subcarrier bandwidths.
Proposal 5: The RAR indicates whether 3.75 kHz or 15 kHz subcarrier bandwidth is used.
Proposal 6: A set of possible TTI values is defined for each different number of subcarrier used in NB-PUSCH transmission.  The TTI used is indicated in the DCI.
Proposal 7: The NB-PDSCH ACK/NACK can be transmitted by either:

· Using a new RE mapping that maps ACK/NACK info bits to NB-PUSCH utilizing all the REs

· Or reuse PUCCH Format 1a with some modification to allow sub-PRB transmission

Proposal 8: If a TB can be mapped across multiple subframes, RV cycling is not required.
Proposal 9: Frequency Hopping for NB-IoT is not supported in Rel-13 NB-IoT.
Proposal 10: CDMA is not introduced in NB-IoT.

Proposal 11: For inband operation, the frequency separation between NB-IoT downlink and uplink band is configurable in the SIB.
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