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Discussion and Decision
1 Introduction

In RAN1#92bis, it was agreed that –

· Each DMRS symbol is length-2 BPSK with DFT-S-OFDM. 

· For CE Mode B, only 2 and 4 RUs can be allocated. 

· For CE Mode A, 1, 2 and 4 RUs can be allocated

· For FDD, RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms for CE Mode A and CE Mode B

· For sub-PRB transmissions in TDD, down-select between the following at RAN1#93
· Alt. 1: In TDD, the RU length depends on TDD UL/DL configuration.

· Alt. 2: In TDD, the same RU lengths supported in FDD mode are re-used.

· For subPRB allocation, the maximum transmission power is used in CE Mode B and for power control in CE Mode A, MPUSCH,c(i) ={1/6, 1/4, 1/2} for 2-subcarrier, 3-subcarrier and 6-subcarrrier allocation, respectively and for PRB level allocation, there are no changes to transmit power control. 

· Cyclic repetition is not supported for sub-PRB allocation for CE Mode A 

· FFS: For CE Mode B
· The Sub-PRB DCI design for Mode A and B should not increase the DCI size by more than 3 bits

· For sub-PRB allocation in CE Mode B, the PRB location(s) within the [system bandwidth or narrowband] is configured by RRC. 

· For sub-PRB allocation in CE Mode A, there is no RRC configuration needed to indicate the 

· PRB location in the system bandwidth 

· Sub-PRB location within PRB

· # of sub-carriers

· # of RUs

· MCS Index

· The Sub-PRB DCI design will not limit scheduling options for Full-PRB legacy allocations for CE Mode A and B

In this contribution, we discuss remaining details on remaining design for PUSCH sub-PRB allocation.

2 Design of Sub-PRB Allocation
2.1 Resource Unit Lengths
In RAN1#92bis, the RU lengths were agreed for FDD. For TDD, two options are under consideration – same RU lengths as FDD or RU lengths depend on TDD UL/DL configuration. It is not preferred to have different RU lengths for different TDD UL/DL configurations, and to have different RU lengths between TDD and FDD. Also note that the RU lengths are the same for TDD and FDD in NB-IoT. Therefore, it is proposed to have the same RU lengths for TDD and FDD.

Proposal 1: RU lengths for TDD are the same as FDD.
2.2 Cyclic Repetition
In RAN1#92bis, it was agreed not to support cyclic repetition for CE Mode A. Cyclic repetition is used to support I/Q combining. However, for sub-PRB this can be problematic due to the need for redundancy in many cases because of very high initial coding rate. Therefore, there is limited benefit to cyclic repetition and it is proposed not to support cyclic repetition also in CE Mode B.

Proposal 2: Cyclic repetition is also not supported for sub-PRB allocation for CE Mode B.

2.3 DCI Design
It has been agreed that sub-PRB feature is configured/enabled by RRC signaling but resource allocation shall be signaled by DCI. Furthermore, the DCI shall support both sub-PRB allocation and allocation of at least 1 PRB. Ideally, the DCI should be able to support all Rel-14 allocations as well as sub-PRB allocation. This will allow full scheduling flexibility and backward compatibility without requiring reconfiguration through higher-layer signaling. To support this dynamic switching, it is proposed that a bit or flag is added to the DCI to indicate sub-PRB or legacy resource allocation.

Proposal 3: One bit is added to the DCI to indicate sub-PRB or legacy resource allocation.
CE Mode A

For DCI design of CE Mode A, it has been agreed that up to 3 additional bits can be used. In addition, 16-QAM is not supported, so 8 MCS values should be sufficient for sub-PRB allocation. We therefore proposed the following modifications for 6-0A when sub-PRB allocation is configured via RRC signaling –

· Sub-PRB or legacy resource allocation bit: 1 bit

· If sub-PRB allocation bit is set –

· PRB and subcarrier allocation: 6 bits

· MCS: 3 bits

· Number of RU: 2 bits 

· If sub-PRB allocation bit is not set, 2 spare bits are added to legacy 6-0A.

Proposal 4: For CE Mode A, increase 6-0A size by 3 bits. If sub-PRB allocation bit is set, use 6 bits for PRB and subcarrier allocation, 3 bits for MCS, and 2 bits for number of RU.
CE Mode B
For CE Mode B, it remains to be decided whether the the PRB location configured by RRC is within the system bandwidth or narrowband. Our preference is to keep the narrowband index assignment in 6-0B to minimizes changes and provide commonality with previous scheduling method. Therefore, it is proposed that the PRB location configured by RRC is within the narrowband.

Proposal 5: For sub-PRB allocation in CE Mode B, the PRB location(s) within the narrowband is configured by RRC.
For DCI design of CE Mode B, it has been agreed that up to 3 additional bits can be used. However, unlike in CE Mode B where we’ve proposed to add 3 bits, for CE Mode B the number of additional bits should be minimized. We therefore proposed the following modifications for 6-0B when sub-PRB allocation is configured via RRC signaling –

· Sub-PRB or legacy resource allocation bit: 1 bit

· If sub-PRB allocation bit is set –

· Subcarrier allocation within PRB: 4 bits

· MCS: 3 bits

· Number of RU: 1 bit
· If sub-PRB allocation bit is not set, 1 spare bit is added to legacy 6-0B.

Proposal 6: For CE Mode B, increase 6-0B size by 2 bits. If sub-PRB allocation bit is set, use 4 bits for subcarrier allocation within PRB, 3 bits for MCS, and 1 bit for number of RU.
2.4 TBS Table
For TBS table design, the following tables are proposed based on 8 MCS levels. The entries are taken from the current TBS tables for 2,3,6 PRBs for CE Mode A and 3,6 PRBs for CE Mode B. It is proposed to adopt these tables.
Proposal 7: Adopt TBS tables shown in Table 1.
Table 1. TBS tables.
	ITBS
	NRU

		1

	2

	4


	0

	32
	144
	328

	1

	56
	176
	408

	2

	72
	208
	504

	3

	104
	224
	600

	4

	120
	256
	712

	5

	144
	328
	808

	6

	176
	392
	936

	7

	224
	456
	1000
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CE Mode B


2.5 DMRS 
In RAN1#92bis, it was agreed that each DMRS symbol is length-2 BPSK with DFT-S-OFDM. In our understanding, this means that only a single DMRS symbol will be generated (i.e. for 2 out of 3 subcarrier allocation, there would be DMRS only on 1 subcarrier). In this case, it would be beneficial to define different DMRS patterns that could be usedon different cells to help with inter-cell interference. These patterns should be predefined to reduce complexity – i.e. eNB would be able to determine the pattern without having to do some computations. To further minimize complexity, two predefined patterns should be sufficient.
Proposal 8: Support two pre-defined patterns for DMRS.
2.6 UCI Piggybacking
In RAN1#91, it was agreed that UCI Piggybacking on PUSCH with sub-PRB allocation is not supported. Typically, UCI has higher important than PUSCH (e.g. ACK/NACK, CQI, SR) and should be prioritized. This is also the legacy behavior for eMTC. Note that it might be possible to postpone PUSCH instead. However, this option is not preferred due to added complexity at the scheduler. Therefore, it is proposed that PUSCH is dropped when there is UCI to transmitted.

Proposal 9: UE drops PUSCH transmission in subframes that collide with PUCCH.

3 Conclusions

In this contribution, we consider the design of sub-PRB allocation and make the following proposals –
Proposal 1: RU lengths for TDD are the same as FDD.

Proposal 2: Cyclic repetition is also not supported for sub-PRB allocation for CE Mode B.

Proposal 3: One bit is added to the DCI to indicate sub-PRB or legacy resource allocation.
Proposal 4: For CE Mode A, increase 6-0A size by 3 bits. If sub-PRB allocation bit is set, use 6 bits for PRB and subcarrier allocation, 3 bits for MCS, and 2 bits for number of RU.
Proposal 5: For sub-PRB allocation in CE Mode B, the PRB location(s) within the narrowband is configured by RRC.
Proposal 6: For CE Mode B, increase 6-0B size by 2 bits. If sub-PRB allocation bit is set, use 4 bits for subcarrier allocation within PRB, 3 bits for MCS, and 1 bit for number of RU.
Proposal 7: Adopt TBS tables shown in Table 1.
Proposal 8: Support two pre-defined patterns for DMRS.

Proposal 9: UE drops PUSCH transmission in subframes that collide with PUCCH.
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