3GPP TSG RAN WG1 Meeting #92                                                                                  R1-1803122
Athens, Greece, February 26-March 2, 2018

Source:	Sierra Wireless
[bookmark: Title]Title:	efeMTC Remaining Key Issue for PUSCH Sub-PRB Allocation 
[bookmark: Source]Agenda Item:	6.2.5.6
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
The following tdoc provides a summary of the remaining key open issues for PUSCH Sub-PRB allocation in RAN1#92. 
Key Issues and Proposals
#1 – Resource Unit Size for 2 of 3 SC pi/2 BPSK
Issue: The RU size for each SC option has not yet been agreed.
Proposal #1.1:
RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms
Supporting tdocs: Sierra[1], Ericsson[3], Sony[6], Nokia[7], Qualcomm[8]
Notes: With 4 RUs, Code rate = 0.3 for 936 bits. 
Proposal #1.2:
RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms
Supporting tdocs: Huawei, HiSilicon[2], Intel[9]
Notes: With 4 RUs, Code rate = 0.43 for 936 bits. 6ms may not pack efficiency. 6ms provides the same number of RE as full-PRB.
Proposal #1.3:
RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 or 16 ms. FFS: how it is signaled.
Supporting tdocs: Ericsson[3]
Notes: For 16ms, with 2 RUs Code rate = 0.3 for 936 bits.. With 2 RU code rate =0.41 for 3 SC QPSK for 936bits. When 2 RU is used, the current Mode B TBS table can be re-used.
Proposal #1.4:
RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms
[bookmark: _GoBack]Supporting tdocs: ZTE, SaneChips, Samsung
Notes: With 4 RUs, Code rate = 0.61 for 936 bits. Adv- shares the same RU size as QPSK. DCI design may be simpler.
Recommend Proposal: Try to down select 
#2 – Maximum number of RUs per transport block
Issue: This section aims to resolve this FFS from RAN1#91:
Mapping one TB to a maximum of [FFS:2 or 4] resource units (RUs) shall be supported 
Proposal #1:
A maximum of 4 resource units (RUs) is supported in CE Mode A
Supporting tdocs:  Sierra[1], ZTE, SaneChips[4], Samsung[5], Sony[6], Nokia[7], Qualcomm[8], Intel[9], Ericsson[3],hua  
Proposal #2.1:
A maximum of 4 resource units (RUs) is supported in CE Mode B
Supporting tdocs:  Sierra[1], Huawei, HiSilicon[2], ZTE, SaneChips[4], Samsung[5], Sony[6], Nokia[7], Qualcomm[8],
Proposal #2.2:
A maximum of 2 resource units (RUs) is supported in CE Mode B
Supporting tdocs:  Intel[9], Ericsson[3] with 16ms RU size, Sierra Wireless with 16ms RU size
Recommend Proposal: Try to agree to #1.1 

Topic to consider for next meeting
2 of 3 sub-carrier pi/2 BPSK  DRMS Design
Issue: The DMRS design for 2 of 3 sub-carriers has not been agreed. PAPR and cross-correlation properties need to be considered. At least the following two proposals should be considered:
Proposal #1.1:
Each DMRS symbol is length-2 BPSK with DFT-S-OFDM spreading (i.e. same modulation as data) 
Proposal #1.2:
Each DMRS symbol is mapped to three sub-carriers 
Other proposals not excluded.
Cyclic Repetition
Issue: Cyclic repetition is used in Sub-PRB NB-IoT and for Full-PRB in eMTC CE Mode B for enabling symbol-level I/Q combining and improved frequency offset tracking. In each cycle, each subframe in the allocated resources is repeated consecutively for Z>1 times before continuing the mapping. It has not yet been decided if this will be supported for eMTC Sub-PRB transmissions.
Proposal #1.1:
The cyclic repetition is not supported for sub-PRB allocation in both CE Mode A and CE Mode B.
Proposal #1.2:
Support cyclic repetition for sub-PRB PUSCH. The cyclic repetition can be based on absolute SFN to better align with frequency hopping. 
Other proposals not excluded.
Power Control 
Issue: Power control for sub-PRB transmission has not yet been agreed.
Proposal #1:
Maximum transmission power is used in CE Mode B
Proposal #2:
Open-loop power control is used for CE Mode A with MPUSCH,c(i) ={1/6, 1/4, 1/2} for 2-subcarrier, 3-subcarrier and 6-subcarrrier allocation.
Other proposals not excluded.

UCI and PUSCH collision resolution
Issue: For eFeMTC, piggybacking on PUSCH with sub-PRB allocation is not supported but which channel should be dropped has not been agreed.
Proposal #1:
The hierarchical dropping rules as defined in the standard for handling collisions between a UCI and PUSCH transmissions are kept and followed.
Proposal #2:
UE drops PUSCH transmission in subframes that collide with PUCCH.
Other proposals not excluded.

DCI Design
DCI designs will likely be consider next meeting. If possible please provide a full DCI design with the DCI fields well defined. Outline the advantages and limitations of the design.
Aggrements
Aggrements from previous meetings

	Agreement in RAN1#90Bis:
· Sub-PRB shall be supported at least in CE Mode B
· Working assumption: Sub-PRB shall be supported in CE Mode A.
· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.
· For Sub-PRB, the maximum total number of (valid) subframes of transmission is:
· 32 subframes for CE Mode A
· 2048 subframes for CE Mode B
· FFS: Supported transport block sizes and numbers of repetitions (for each supported CE Mode)
· Sub-PRB rate matching is performed across a resource unit (RU) spanning multiple subframes
· The RU length depends on number of subcarriers in the Sub-PRB allocation
· FFS: RE mapping
· FFS: whether more than one RU is allocated per transport block
· For Sub-PRB, increasing DMRS shall not be supported
· For Sub-PRB allocation in connected mode,
· The Sub-PRB feature is configured/enabled by RRC signaling
· The Sub-PRB resource allocation shall be signaled by DCI
· FFS: Support of Sub-PRB allocation in Msg3
Agreement in RAN1#90Bis:
· When the Sub-PRB feature is configured/enabled in connected mode in CE mode B,
· DCI format 6-0B shall support both sub-PRB allocation and allocation of at least 1 PRB.
· Sub-PRB allocation shall support a maximum TBS of at least [504] bits.
Agreement in RAN1#91
Confirm the above WA and choose option 1 with the following changes: 
· For Sub-PRB allocation, only the following are supported: 
· 6 subcarriers with SC-FDMA QPSK modulation, at least for CE Mode A
· FFS: CE Mode B
· 3 subcarriers with SC-FDMA QPSK modulation
· 3 subcarriers with SC-FDMA Pi/2 BPSK modulation 
· The Pi/2 rotation is performed across SC-FDMA symbols
· Use only 2 adjacent subcarriers out of the 3 allocated subcarriers with DFT-spread of length 2
· FFS: which 2 subcarriers out of the 3 allocated subcarriers are used
· Working assumption: The 2 used subcarriers shall be fixed per cell in specification
· FFS: semi-statically configured 
· FFS: Frequency hopping case
Agreement in RAN1#91
· Confirm WA: Sub-PRB shall be supported in CE Mode A.
· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.
· 
Agreement in RAN1#91
· When the Sub-PRB feature is used,
· Mapping one TB to 1 RU shall be supported at least for CE Mode A
· Mapping one TB to a maximum of [FFS:2 or 4] resource units (RUs) shall be supported
· Sub-PRB allocation shall support a maximum TBS of 1000 bits for CE Mode A and 936 bits for CE Mode B
· Maximum TBS within a single RU is FFS
Agreement in RAN1#91
· UCI Piggybacking on PUSCH with sub-PRB allocation is not supported.
· FFS: which UL channel is dropped



Aggrement from this meeting
	Agreement
For a 2 of 3 sub-carrier pi/2 BPSK transmission, the SC-FDMA symbols over which the DMRS is mapped shall provide a PAPR that is roughly the same as the PAPR of the SC-FDMA symbols not carrying DMRS.
Cross-correlation properties for the DM-RS need to be considered.
Note that Alt. 1 and Alt. 2 may or may not meet the above requirement
Alt. 1: Each DMRS symbol is length-2 BPSK with DFT-S-OFDM
Alt. 1: is the same modulation as data 
Alt. 2: Each DMRS symbol is mapped to three sub-carriers
Other alternative(s) are not precluded

Agreement
· The DMRS sequence and DMRS RE mapping are the same as the NB-IOT DMRS design for 3 and 6 sub-carrier QPSK transmissions.
The above is not applied to DMRS for 2 of 3 sub-carrier pi/2 BPSK transmision

Agreement
· For all sub-PRB transmissions, the DMRS is transmitted in the fourth SC-FDMA symbol of the slot

Agreement
For 2 of 3 subcarriers pi/2 BPSK option, average the phase advancement across the cyclic prefix between the two tones and use this averaged phase advancement for pi/2 phase rotation
This can be revisited if RAN4 identifies any issues

Agreement
· For the 2 Sub-Carrier Pi/2 BSPK modulation, the pi/2 rotation algorithm is the same as NB-IOT pi/2 BPSK where the pi/2 rotation is not a function of the sub-carrier index.

Agreement
· [bookmark: _Hlk507503937]For 6 sub-carriers QPSK allocations, 2 non-overlapping allocations per PRB, i.e., {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}, will be defined
· For 3 sub-carrier QPSK allocations and 2 of 3 sub-carrier pi/2 BSPK allocations, 4 non-overlapping allocations per PRB, i.e., {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and{9, 10, 11}, will be defined
· FFS: Which of the above sub-PRB allocations are granted by DCI 

Agreement
· The location of the 2-of-3 subcarriers within the 3 subcarrier allocation is cell-specific 
· Use the Physical Cell ID along with a Modulo 2 operation to determine which 2 of 3 subcarriers will be used
· This can be revisited if RAN4 identifies any issues

Agreement: Confirm the WA below
•	The 2 used subcarriers shall be fixed per cell in specification

Agreement
· RU Size of 6 sub-carriers QPSK option = 2 ms
· RU Size of 3 sub-carriers QPSK option = 4 ms

Agreement
4 RVs will be used for sub-PRB transmission

Agreement
The RE mapping of sub-PRB within an RU over PUSCH is performed first within a sub-frame then across sub-frames

Agreement
· Within a subframe, RE mapping is the same as legacy PUSCH.

Agreement
· Frequency hopping of PRB between 2 narrowbands for sub-PRB allocation is the same as legacy. Sub-carrier locations in the PRB are the same within both narrowbands

Agreement 
6 subcarriers with SC-FDMA QPSK modulation is supported in CE mode B
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