3GPP TSG RAN WG1 Meeting #92                                                                                  R1-1803010
Athens, Greece, February 26-March 2, 2018

Source:	Sierra Wireless
[bookmark: Title]Title:	efeMTC Key Issue Summary 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 key open issues and proposals based on the ten tdoc’s submitted to this agenda item for RAN1#92. The issues are listed approximately in order of priority where agreements that may affect RAN4 work have been prioritized. There were many proposals for reducing DCI size which have been gather in section 3 but only a few common proposals could be determined by reviewing the tdocs. DCI design is not seen as a high priority for this meeting.
Note: The “Supporting tdocs” list is solely based on a subjective review of the tdocs by Sierra Wireless and does NOT indicate official company support.
The following has been agreed:
	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



Key Issues and Proposals
#1 – DMRS for 2 of 3 sub-carrier pi/2 BPSK transmision
Issue: It is important that the DMRS design for the two sub-carrier pi/2 BPSK pattern has similar PAPR to the data.  
Proposal #1.1:
Each DMRS symbol is pi/2 BPSK modulated and is mapped to one of the two sub-carriers
Supporting tdocs: Sierra[1], Ericsson[3], Sony[6], Qualcomm[8]
Proposal #1.2:
Each DMRS symbol is mapped to three sub-carriers
Supporting tdocs: ZTE[4]
Recommend proposal: #1.1 
#2 – DMRS for 3 and 6 sub-carrier QPSK transmission
Issue: The DRMS pattern for the QPSK 3 and 6 subcarrier options has not been agreed.
Proposal #1:
The DMRS will follow the NB-IOT DMRS design for 3 and 6 sub-carrier QPSK transmissions.
Supporting tdocs: Sierra[1], Ericsson[3], ZTE[4], Sony[6], Nokia[7], Intel[9]
Recommend proposal: #1
#3 - Cyclic Prefix for 2 of 3 sub-carrier pi/2 BPSK transmission
Issue: It is important that when adding the cyclic prefix for the two sub-carrier pi/2 BPSK pattern, adding the CP doesn’t cause a large increase in PAPR.  The issue is that adding the CP adds additional phase rotation which results in symbol transition which is not pi/2 which increases PAPR. The additional phase rotation depends on the frequency of the modulated sub-carrier.
Proposal #1.1:
Average the phase advancement across the cyclic prefix between the two tones and use this averaged phase advancement as the starting point for pi/2 phase rotation
Supporting companies: Sierra Wireless, Qualcomm, SonyProposal #1.2:
Do not account for the cyclic prefix time duration but limit subcarrier index for FFT to -6 to 5
Supporting tdocs: none
Recommend proposal:   #1.1 where the agreement could be revisited if RAN4 finds any issues.

# – Pi/2 Rotation for 2 of 3 sub-carrier pi/2 BPSK transmission
Issue:  It was already agreed the pi/2 phase rotation would change on symbol boundaries based on the below agreement:
· The Pi/2 rotation is performed across SC-FDMA symbols

What has not yet been agreed is the details of the pi/2 rotation. For NB-IOT, the pi/2 rotation is defined by the highlighted part of the below equation from TS 36.211:




For sub-carrier index  in SC-FDMA symbol  


Note that the pi/2 rotation is not a function of the sub-carrier index but only a function of .
Proposal #1:
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.
Supporting tdocs: Sierra[1]
Recommend Proposal: #1
#5 – Location of DMRS
Issue: The location(s) for the DRMS for Sub-PRB transmission has not been decided.
Proposal #1:
For all sub-PRB transmissions, the DMRS is transmitted in the fourth SC-FDMA symbol of the slot
Supporting tdocs: Sierra[1], Intel[9]
Recommend Proposal: #1

#5.1 Sub-PRB Resource Allocation
Issue: The location of the possible sub-PRB allocations within a PRB has not yet been decided.
Proposal #1:
For 6 sub-carriers QPSK transmissions, a maximum of 2 non-overlapping allocations per PRB will be supported 
For 3 sub-carrier QPSK transmissions, a maximum of 4 non-overlapping allocations per PRB will be supported
For 2 of 3 sub-carrier pi/2 BSPK transmissions, a maximum of 4 non-overlapping allocations per PRB will be supported
Supporting tdocs: Sierra[1], Huawei, HiSilicon[2], Ericsson[3],
Recommend Proposal: #1 
[bookmark: _GoBack]
#12 – Location of 2-of-3 subcarriers
Issue: For the 2-of-3 subcarriers allocation, there are two locations possible which have not yet been decided.
Proposal #1:
The location of the 2-of-3 subcarriers within the 3 subcarrier allocation is cell-specific
Supporting tdocs:  Huawei, HiSilicon[2], Ericsson[3], Samsung[5], Nokia[7]
Proposal #2:
Use the Physical Cell ID along with a Modulus 2 operation to determine the subcarriers that will not be used out of the three allocated subcarriers.
Supporting tdocs:  Ericsson[3], Samsung[5]
Note: the above agreement is useful for RAN4 so they know the sub-carriers used can be any of the sub-carriers within the PRB.
Recommend Proposal: #1 and possibly #2

#6 – Resource Unit Size
Issue: The RU size for each SC option has not yet been agreed.
Proposal #1:
RU Size of 6 sub-carriers QPSK option = 2 ms
RU Size of 3 sub-carriers QPSK option = 4 ms 
Supporting tdocs: Sierra[1][1], Huawei, HiSilicon[2], Ericsson[3], ZTE[4], Nokia[7], Qualcomm[8], Intel[9]
Proposal #2.1:
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]
Proposal #2.2:
RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms
Supporting tdocs: Huawei, HiSilicon[2], Intel[9]
Proposal #2.3:
RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms and optionally equal to 8ms indicated via DCI.
Supporting tdocs: Ericsson[3]
Recommend Proposal: #1. Proposals 2.x need more discussion
#7 – 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 #1.1:
A maximum of 4 resource units (RUs) is supported in CE Mode B
Supporting tdocs:  Sierra[1], Huawei, HiSilicon[2], ZTE[4], Samsung[5], Sony[6], Nokia[7], Qualcomm[8],
Proposal #1.2:
A maximum of 2 resource units (RUs) is supported in CE Mode B
Supporting tdocs:  Intel[9], Ericsson[3] with 16 SF RU size
Proposal #2.1:
A maximum of 4 resource units (RUs) is supported in CE Mode A
Supporting tdocs:  Sierra[1], ZTE[4], Samsung[5], Sony[6], Nokia[7], Qualcomm[8], Intel[9], Ericsson[3]  
Proposal #2.2:
A maximum of 2 resource units (RUs) is supported in CE Mode A
Supporting tdocs:  None 
Recommend Proposal: #2.1, Proposals 1.x need further discussion
#8 – Number of RV’s
Issue: The number of RV’s used sub-PRB transmission has not yet been decided.
Proposal #1.1:
4 RVs will be used for sub-PRB transmission 
Supporting tdocs:  Sierra[1], Ericsson[3], Sony[6], Qualcomm[8]
Proposal #1.2:
2 RVs will be used for sub-PRB transmission 
Supporting tdocs:  Huawei, HiSilicon[2]
Recommend Proposal: #1.1 
#9 – Channel Interleaving
Issue:  The order in which the RE’s are filled has not yet been agreed. 
Proposal #1:
The RE mapping of PUSCH is performed first with a sub-frame then across sub-frames
Supporting tdocs:  Sierra[1], Ericsson [3], Samsung[5], Sony[6], Qualcomm[8], ZTE[4]
Proposal #2.1
RE mapping of PUSCH is time first then frequency
Supporting tdocs: Sierra[1], Samsung[5], Sony[6], Qualcomm[8]
Proposal #2.2
RE mapping of PUSCH is frequency first then in time.
Supporting tdocs: ZTE[4]
Recommend Proposal: #1.1 and possibly #2.1
#10 – Message 3 Support
Issue: If message 3 will support sub-PRB transmissions has not been decided. This includes support for sub-PRB with early data transmission done in message 3.
Proposal #1.1:
Sub-PRB allocation is supported for Msg3, at least for EDT. 
Supporting tdocs:  Sierra[1], Huawei, HiSilicon[2], Sony[6], Nokia[7], Sharp[10]
Proposal #2:
Sub-PRB allocation is NOT supported for Msg3. 
Supporting tdocs:  Ericsson [3], ZTE[4], Intel[9]
Recommend Proposal: more discussion is needed
#11– Frequency Hopping
Issue: Frequency hopping is supported for full-PRB transmissions but it has not been decided whether to support frequency hopping for sub-PRB transmissions
Proposal #1:
Frequency hopping should be supported for sub-PRB allocation.
Supporting tdocs:  Sierra[1], Huawei, HiSilicon[2], Ericsson[3], Samsung[5], Sony[6], Intel[9]
Proposal #2:
Frequency hopping occurs between 2 narrowbands – same as full-PRB. The configuration of the narrowbands will follow the full-PRB PUSCH configuration, 
Supporting tdocs:  Sierra[1], Ericsson[3]
Proposal #3:
Introduce 1-bit indication for the direction of narrowband hopping, which is to configure the index of second narrowband is either larger or smaller than the DCI assigned by a high-layer configured hopping offset
Supporting tdocs:  Samsung[4]
Recommend Proposal: #1

#13 – 6 subcarriers in CE mode B
Issue: It is FFS if 6 Subcarrier transmissions would be supported in CE mode B.
Proposal #1:
6 subcarriers with SC-FDMA QPSK modulation is supported in CE mode B
Supporting tdocs:  Sierra[1], Ericsson[3], ZTE[4], Nokia[7]
Recommend Proposal: #1

#14 – 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.
Supporting tdocs:  Qualcomm[8]
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. 
Supporting tdocs:  Intel[9]
Recommend Proposal: more discussion needed
#15 – 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
Supporting tdocs:  Nokia[7], Qualcomm[8]
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.
Supporting tdocs:  Qualcomm[8]
Recommend Proposal: #1
#16 –  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.
Supporting tdocs:  Ericsson[3]
Proposal #2:
UE drops PUSCH transmission in subframes that collide with PUCCH.
Supporting tdocs:  Nokia[7],Intel[9]
Recommend Proposal: needs more discussion. Low priority.

DCI design Proposals
Common Proposals:
The following common proposal were identified:

Proposal #1.1: 
One bit is added to the DCI to indicate sub-PRB or legacy resource allocation.
Supporting tdocs:  Sierra[1], Samsung[5], Nokia[7], Intel[9]
Proposal #1.2: 
No need to explicitly add one bit to indicate Sub-PRB allocation or legacy resource allocation.
Supporting tdocs:  ZTE,SaneChips[4], 

Proposal #2: 
Resource allocation in CE mode B is within PRB(s) indicated via RRC signaling. 
Supporting tdocs:  Sierra[1], Samsung[5], Nokia[7], Intel[9]
Sierra[1] Proposals:
Limiting sub-PRB transmission to 2 PRBs for CE mode A and 1 PRB for CE mode B should be consider in the DCI design. 
For sub-PRB transmission for CE Mode A, a maximum of 8 options (including # SC, # repeats, # RUs) are indicated by DCI. The 8 options are configured by RRC. FFS: The list of options.
For sub-PRB transmission for CE Mode B, a maximum of 8 options (defining # SC, # repeats, # RUs) are indicated by DCI. The 8 options are configured by RRC. FFS: The list of options.
Limiting the Sub-PRB locations to 8 within the PRB should be considered for CE mode B where different location configurations could be RRC configured. 
Huawei [2] Proposals:
Proposal 2: Indicate TBS for 2-of-3 subcarriers allocation via unused MCS states in CE Mode B. TBS indication in CE mode A is FFS.
Proposal 5: The number of repetitions for sub-PRB allocation is calculated by:
max {1, },
where the number of (valid) subframes of transmission reuses the repetition number values configured in (f)eMTC, with  the minimum number 1 replaced by 2.
Proposal 7: The new resource assignment field defined in Rel-15 for eFeMTC should support 1 PRB, 2 PRBs, 3 subcarriers (including 2-of-3), and 6 subcarriers resource allocation for PUSCH

Proposal 9: Support full flexibility of sub-PRB and PRB-level resource allocation with  bits for CE Mode A. 
[bookmark: Proposal_8]Ericsson[3] Proposals:
Proposal 8: For full PRB allocations the TBS table in CE Mode A would be used as today, while for sub-PRB allocations the PRB #1 to PRB #4 (i.e., the four left most columns under # PRBs in the TBS table as designed for PUSCH in CE mode A) would become 1RU to 4RUs.
[bookmark: Proposal_9]Proposal 9: For full PRB allocations the TBS table in CE Mode B would be used as today, while for sub-PRB allocations the PRB #1 and PRB #2 would become 1RU and 2RUs.

[bookmark: Proposal_15][bookmark: _Hlk504121918]Proposal 15: The resource allocation scheme for sub-PRB over PUSCH is based on a resource indication value (RIV) as follows: RIV = Total_Subcarrier_indication_fields_used* .
ZTE[4] Proposals:
Proposal 7: If PUSCH Sub-PRB allocation is activated by RRC signaling, ‘resource allocation within a narrowband’ field uses 8 bits to indicate PRB-level or Sub-PRB level allocation in CE mode A.
Proposal 8: If PUSCH Sub-PRB allocation is activated by RRC signaling, ‘resource allocation within a narrowband’ field uses 6 bits to indicate PRB-level or Sub-PRB level allocation in CE mode B. PRB(s) available for Sub-PRB allocation can be predefined or preconfigured.
Samsung[5] Proposals:
Proposal #1: Introduce 1 more bit for indication of legacy resource allocation or sub-PRB allocation for CE Mode A, and introduce 3 more bits for the subcarrier allocation for CE Mode B.
Proposal #2: Combined indication of PRB index and subcarrier index can be considered for both CE Mode A and CE Mode B.
Proposal #3: Introduce 1-bit indication of QPSK or Pi/2-BPSK for determining the number of subcarriers used for transmission, when 3 subcarriers are allocated.
Proposal #6: Design one unified TBS table for both CE Mode A and CE Mode B with sub-PRB allocation, with reference to the TBS table of legacy CE Mode B.
Proposal #8: Implicit indication of RU number can be considered, which is determined by the association of RU number and TBS index. Consider different association between TBS index and RU number for pi/2-BPSK and QPSK.
Proposal #9: Follow legacy to configure repetition number with High layer parameter ‘pusch-maxNumRepetitionCEmodeA’, ‘pusch-maxNumRepetitionCEmodeB’ and DCI. Scale the repetition number with 1⁄(N_RU∙L_RU ) if sub-PRB allocation is performed.
Nokia[7] Proposals:
Proposal 5: One bit is added to the DCI to indicate sub-PRB or legacy resource allocation.
Proposal 6: In CE Mode A, resource allocation is given by narrowband index and sub-PRB allocation within the narrowband via a Table.
Proposal 7: In CE Mode B, resource allocation is given by narrowband index, PRB index and sub-PRB allocation within the PRB as shown in Table 2. The PRB index is signalled via higher-layer or predefined in the specification.
Qualcomm[8] Proposals:
Proposal 5: The number of resource units can be predefined for each TBS without explicit signalling in DCI.
Proposal 6: Limiting the subPRB allocation to a subset of PRBs within the narrowband can be considered to reduce the DCI overhead. The number of resource units can be predefined for each TBS without explicit signalling on DCI.
Proposal 9: A maximum number of repetitions for sub-PRB allocation in CE Mode B is separately configured by RRC.
Intel[9] Proposals:
TBS for sub-PRB allocation is based on eMTC TBS tables, by changing the number of PRBs to the number of RUs.
Adopt a hierarchical resource allocation for sub-PRB PUSCH:
Indicate NB index as in Rel-13 eMTC.
PRB is (explicitly/implicitly) indicated within the NB.
Subcarrier allocation within the PRB is further indicated.
Use DCI formats 6-0A and 6-0B as the starting point for DCI design of sub-PRB PUSCH in CE mode A and CE mode B, respectively. 
Strive to design the DCI so as to not increase the size much, if at all, compared to DCI format 6-0A/6-0B, for sub-PRB PUSCH in efeMTC. 
1 bit indictor is used in the DCI to differentiate sub-PRB allocation and legacy resource allocation with granularity of one PRB. 
Consider to limit the PRB allocation candidates within the NB, e.g. two candidates or implicit indication.
4 bits are used to indicate the non-overlapped 2-subcarrier, 3-subcarrier and 6-subcarrier allocations.
Consider to limit the supported number of RUs, e.g. one or two values per CE mode, to reduce DCI size.
Sharp[10] Proposals:
Whether mapping one TBS to 1 RU or mapping one TBS to a maximum [2 or 4] RUs is configured by UE-specific RRC signalling. 
The repetition number filed in DCI format 6-0B is explained based on the resource allocation for MTC PUSCH. 
Tdocs
[1]  R1-1801448 PUSCH Sub-PRB Design Sierra Wireless, S.A.
[2]  R1-1801432 On Sub-RB resource allocation for MTC PUSCH Huawei, HiSilicon
[3]  R1-1801486 PUSCH sub-PRB allocation for MTC Ericsson
[4]  R1-1801600 Design of PUSCH sub-PRB allocation for MTC ZTE, SaneChips
[5]  R1-1801927 Discussion on sub-PRB allocation for eFeMTC Samsung
[6]  R1-1802059 Remaining issues in sub-PRB transmission Sony
[7]  R1-1802258 Design of PUSCH Sub-PRB Allocation Nokia, Nokia Shanghai Bell
[8]  R1-1802329 Sub-PRB allocation for eFeMTC Qualcomm Incorporated
[9]  R1-1802375 Design of sub-PRB PUSCH for efeMTC Intel Corporation
[10]  R1-1802659 Remaining issues for sub-PRB allocation Sharp
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