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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#92bis. 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. Some basic DCI design principal should be discussed this meeting. 
Note: Previous agreements are listed in appendix I.
Key Issues and Proposals
DMRS for 2 of 3 SC pi/2 BPSK
Issue: The DMRS modulation for the pi/2 BPSK transmission has not yet been agreed. The following is the latest related agreement:
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


Proposal #1.1:	Each DMRS symbol is length-2 BPSK with DFT-S-OFDM.
Supported by:	Sierra Wireless, Ericsson, Qualcomm, Nokia, NSB, Sony, Intel

Proposal #1.2:	DMRS sequence length is one sub-carrier and maps to one of three subcarriers
Supported by:	ZTE, Sanechips

Proposal #1.3:	Each DMRS symbol is mapped to three subcarriers.
Supported by: 	Huawei, HiSilicon
[bookmark: _Hlk511313373]Note: PAPR of this proposal was analyzed in three tdocs [1,3,4] and found to be 1.3 to 2 dB higher than data. No tdocs found it to have similar PAPR to data and thus appears to go against the above agreement that it be “roughly the same as the PAPR of the SC-FDMA symbols not carrying DMRS”

Recommend proposal: 1.1

DMRS Pattern for 2 of 3 SC pi/2 BPSK
Issue:  The pattern for the two pi/2 BPSK symbols has not yet been agreed but it was agreed that the pattern should provide good cross correlation properties.

Proposal #1.1: The efeMTC DMRS is formed using frequency-domain repetition of the NB-IoT DMRS pi/2 BPSK modulation symbols. FFS: The frequency-domain repetition function e.g. [1 1], [-1 1]
Supported by: Sierra Wireless, Sony

Proposal #1.2: Two length-16 DMRS sequences are mapped to 2 of 3 subcarriers for PUSCH, where each sequence is mapped to one subcarrier across 16 DMRS symbols within in one RU (with RU size of 8ms).
Supported by: Intel 

Recommend proposal:  Issue 2.1 needs to be resolved 1st – probably needs more offline discussion
RU size for 2 of 3 SC pi/2 BPSK
Issue: The RU size for the pi/2 BPSK option has not yet been agreed. The latest agreement from RAN1#92 is:
The candidates for FDD are Proposal #1, #2 and #4 for CE mode A and Proposal#1, #2, and #3 for CE mode B and down-select the candidates at RAN1#92bis
· Proposal #1:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms
· Proposal #2:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms
· Proposal #3:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms 
· Proposal #4:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms
FFS whether the above can be reused for TDD or not 

FDD Proposals:
Proposal #1.1: For FDD, RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms. 
Supported by: Sierra Wireless, Qualcomm, Nokia, Nokia Shanghai Bell, Sony, Samsung, Intel, NTT Docomo

Proposal #1.2: For FDD, RU Size of 2 of 3 sub-carriers pi/2 BPSK is 4 ms for CE mode A and 8 ms for CE mode B.
Supported by: ZTE, Sanechips, 

Proposal #1.3: For FDD, RU Size of 2 of 3 sub-carriers pi/2 BPSK is 4 ms for CE mode A and B.
Supported by: HiSilicon, Huawei, 
Note: The above proposal is not in-line with the above agreement as 4ms is preclude for Mode B

Proposal #1.4: For FDD, RU Size of 2 of 3 sub-carriers pi/2 BPSK is 8 ms for CE mode A and 16 ms for CE mode B.
Supported by: Ericsson 

Proposal #1.5: For FDD, RU Size of 2 of 3 sub-carriers pi/2 BPSK is 6 ms for CE mode A and B.
Supported by: Sharp 

Recommend proposal: 1.1 

TDD Proposals:
Proposal #2.1: In TDD, one RU is mapped to consecutive UL subframes.
Supported by: HiSilicon, Huawei, 

Proposal #2.2:For sub-PRB transmissions in TDD, the same RU lengths supported in FDD mode are re-used.
Supported by: Ericsson, Intel

Recommend proposal: More discussion needed for TDD
Maximum number of RUs per transport block for Mode B
Issue: At the last RAN WG meeting RAN1#92, the maximum number of RUs for Mode A was agreed:
Agreements
A maximum of 4 resource units (RUs) is supported in CE Mode A
The maximum number of RUs for Mode B has not yet been agreed. This decision is somewhat tied to the decision on the RU size for the BPSK options.
Proposal #1.1: A maximum of 4 resource units (RUs) is supported in CE Mode B
Supported by: Sierra Wireless, ZTE, Sanechips, Huawei, HiSilicon, Qualcomm, Nokia, Nokia Shanghai Bell, Sony, Samsung, Intel, NTT Docomo

Proposal #1.2: A maximum of 2 resource units (RUs) is supported in CE Mode B
Supported by: Ericsson

Recommend proposal: 1.1

Power Control for sub-PRB transmissions
Issue: The power control for sub-PRB transmissions in both CE Mode A and B has not yet been agreed. 
Proposal #1: For subPRB allocation, the maximum transmission power is used in CE Mode B and the 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.
[bookmark: _GoBack]Supported by: Ericsson, Qualcomm, Samsung

Recommend proposal: 1
Cyclic Repetition
Issue: It has not yet been decided if cyclic repetition will be supported for eMTC Sub-PRB transmissions. Cyclic repetition is used in Sub-PRB NB-IoT and for Full-PRB transmission in eMTC CE Mode B.
Proposal #1.1: Cyclic repetition is not supported for sub-PRB allocation in neither CE Mode A nor CE Mode B.
Supported by: Sierra Wireless, Ericsson, Qualcomm

Proposal #1.2: Cyclic repetition is supported for sub-PRB allocation.
Supported by: HiSilicon, Huawei, Samsung, Intel (Mode B)
Recommend proposal:  More discussion needed
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 #1.1: The hierarchical dropping rules as defined in the standard for handling collisions between a UCI and PUSCH transmissions are kept and followed.
Supported by:  Ericsson

Proposal #1.2: UE drops PUSCH transmission in subframes that collide with PUCCH.
Supported by: Nokia, NSB, Samsung, Intel

Recommend Proposal: More offline discussion needed

Selection of SC for 2 of 3 SC pi/2 BPSK
Issue: Although there have been agreements made WRT to this issue already in RAN1#92:
· 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
There are still some remaining details.

Proposal #1.1:  Support changing 2-of-3 subcarrier location periodically.
Supported by: Huawei, HiSilicon

[bookmark: P2]Proposal #1.2:  2-of-3 subcarrier location is fixed in time where a Modulo 2 output of: 
“0” means that the two subcarriers with the lowest indexes 
“1” means that the two subcarriers with the highest
Supported by: Ericsson

Recommend proposal: More offline discussion needed

Sub-PRB support in Msg3
Issue: It has not yet been decided if Sub-PRB will be supported for EDT (i.e. in msg3).

Proposal #1.1: Sub-PRB is supported in Msg3 for only EDT.
Supported by: Sierra Wireless, HiSilicon, Huawei, Nokia, NSB, Sony, Sharp

Proposal #1.2: Sub-PRB NOT is supported in Msg3.
Supported by: ZTE, Sanechips, Ericsson, Samsung, Intel, NTT Docomo

Recommend proposal: More offline discussion needed

DCI design Proposals
The following common proposals were identified::
Size goals
Several tdocs had size proposals which are summarized here:
Mode A
1 bit increase: Ericsson, Samsung
2 bit increase: Sierra Wireless, Ericsson

Mode B
1 bit increase: Ericsson
2 bit increase: Sierra Wireless

Recommend proposal: 
The Sub-PRB DCI design for Mode A and B should not increase the DCI size by more than 2 bits 
Legacy Fields
All the tdocs either directly or indirectly indicated that many of the fields for DCI format 6-0A and 6-0B should be maintained: 
Recommend proposal: 
The following DCI fields from DCI format 6-0A and 6-0B should be maintained for sub-PRB allocations for Mode A and B where applicable: 
HARQ process number 
New data indicator 
Redundancy version 
UL index 
Downlink Assignment Index (DAI) 
CSI request
SRS request
DCI subframe repetition number 
How to indicated Sub-PRB allocation

Proposal #1.1: Iintroduce a new DCI field which indicates if the DCI is for a sub-PRB allocation or full-PRB allocation.
Supporter by: Sierra, Ericsson, Nokia, NSB, Samsung (mode A), Intel

Proposal#1.2: Do not introduce a new DCI field to indicate if the DCI is for sub-PRB allocation or full-PRB allocation.
Supporters by: ZTE, Sanechips, Huawei, HiSilicon

Recommend proposal: Discuss more offline.

Limiting PRBs
Several tdocs had proposals which would limit the number of PRBs which could be used for sub-PRB allocation.
Mode A Limit PRBs via RRC configure
Yes: Sierra, Qualcomm, Intel
No: ZTE, SaneChips, Ericcson
Mode B Limit PRBs via RRC configure
	Yes: Sierra, ZTE, SaneChips, HiSilicon, Huawei, Ericsson, Qualcomm, Intel

Recommend proposal: 
Limit DCI sub-PRB allocations to at least 4 PRBs for CE mode A and at least 2 PRBs for CE mode B. RRC configuration indicates which PRBs are allocated by DCI.

Company DCI Proposals
For reference, all the DCI proposal were copied into this section to help identify common proposals.
Sierra Proposals:
Proposal: The DCI for sub-PRB allocation for CE Mode A should 
add 1 bit flag “Sub-PRB allocation” to indicate if the DCI allocation is for Sub-PRB with a new DCI format or not.
Sub-PRB PRB assignment field will be 2 bits indicating 1 of 4 possible PRB allocations. RRC configuration indicates which 4 PRB locations of the 6 possible PRBs are allocated.
Repeats, # of sub-carriers, and # of RUs will be jointly coded and indicated by [4 or 5 bits].  RRC configuration indicates which configurations are allocated. Method of allocation is FFS.
Location with PRB field will be 2 bits defining 1 of 4 positions when 3 subcarrier QPSK or 2 of 3 subcarrier BPSK is allocated and 1 of 2 positions when 6 subcarrier QPSK is allocated.
Proposal: The DCI for sub-PRB allocation for CE Mode B should 
add 1 bit flag “Sub-PRB allocation” to indicate if the DCI allocation is for Sub-PRB with a new DCI format or not.
Sub-PRB PRB assignment field will be 1 bit indicating 1 of 2 possible PRBS allocated. RRC configuration indicates which 2 PRBs of the 6 possible PRBs are allocated.
Repeats, # of sub-carriers, and # of RUs will be jointly coded and indicated by [4 or 5 bits].  RRC configuration indicates which configurations are allocated. Method of allocation is FFS.
Location with PRB field will be 2 bits defining 1 of 4 position when 3 subcarrier QPSK or 2 of 3 subcarrier BPSK is allocated and 1 of 2 position when 6 subcarrier QPSK is allocated.
The MCS field will be [4 or 3] bits. Possible TBS is FFS.

ZTE, SaneChip Proposals:
Proposal 2: For sub-PRB allocation, a unified TBS table is used for both CE Mode A and CE Mode B.
Proposal 3: For UL Sub-PRB allocation in CE mode A, number of resource units for a transport block is 1, 2, 3 or 4.
Proposal 4: For UL Sub-PRB allocation in CE mode B, number of resource units for a transport block is 2 or 4.
Proposal 8: If Sub-PRB allocation is configured in CE mode A, fields in DCI format 6-0A can be reused with the following modifications:
‘Resource block assignment’ field is extended to  + 7 bits, where LSB 7 bits provide the joint indication of PRB-level resource allocation and sub-PRB level resource allocation as shown in Table 3.
‘Modulation and coding scheme’ field keeps the same size (4 bits) but modulation and coding depends on the IMCS to ITBS mapping and TBS table design for Sub-PRB allocation.
Proposal 9: If Sub-PRB allocation is configured in CE mode B, fields in DCI format 6-0BA can be reused with the following modifications:
‘Resource block assignment’ field is extended to  + 5 bits, where LSB 5 bits provide the joint indication of PRB-level resource allocation and sub-PRB level resource allocation as shown in Table 4.
‘Modulation and coding scheme’ field keeps the same size (4 bits) but modulation and coding depends on the IMCS to ITBS mapping and TBS table design for Sub-PRB allocation.
Huawei, HiSilicon Proposals:
Proposal 3: For the RU number in FDD,
Support 1, 2, and 4 RUs for Mode A.
Support 2 RUs and 4 RUs for Mode B.
Proposal 9: Indicate TBS for 2-of-3 subcarriers allocation via unused MCS states in CE Mode B and via 5 states corresponding to 16QAM in CE mode A.
Proposal 10: The new resource assignment field defined in Rel-15 for eMTC should support 1 PRB, 2 PRBs, 3 subcarriers (including 2-of-3), and 6 subcarriers resource allocation for PUSCH in CEMode A and B.
Proposal 12: Use 5 bits for indicating sub-PRB resource allocation without RU number indication in one narrowband for CE Mode A.

Ericsson
[bookmark: P10]Proposal 10: The following information is transmitted by means of the DCI format 6-0B for a sub-PRB allocation in CE Mode B:
-	Flag for format 6-0B/format 6-1B differentiation – 1 bit, where value 0 indicates format 6-0B and value 1 indicates format 6-1B
-	Flag for PUSCH allocation/sub-PRB allocation differentiation – 1 bit, where value 0 indicates a full PRB allocation and value 1 indicates a sub-PRB allocation. This field is only present if sub PRB allocation is configured.
-	Resource block assignment – The PRB to be used by sub-PRB allocations is semi-statically configured via RRC. Hence, we use the available bits in this field (i.e., 3bits, Subcarrier indication field (Isc) from 0 to 5) to indicate:
-	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}
-	For 3 sub-carrier allocations, 4 non-overlapping allocations per PRB, i.e., {0, 1, 2}, {3, 4, 5}, {6, 7, 8}, and {9, 10, 11}. Whether the allocation refers to a “3 sub-carrier QPSK” or a “2 of 3 sub-carrier pi/2 BSPK” is indicated via RRC signalling.
(Note: It is possible to use 6 indexes for Isc, since the allocated PRB within a system BW is indicated via RRC signalling)
-	Modulation and coding scheme – 4 bits are split in two fields if sub PRB allocation is configured: 
-	1 bit for indicating the number of allocated RUs (i.e., 1 or 2 RUs). Recall that if the RU length = 16ms, only 2 RUs are need to achieve optimal code rates.
-	3 bits for MCS index, the TBS associated to those indexes are down-selected from 11 to 8 based on the legacy TBS table. The modulation scheme to be used is inferred from the “Subcarrier indication field (Isc)”, and RRC signalling in case of a 3 subcarrier allocation.
-	Repetition number – 3 bits as defined in section 8.0 of [3]
-	HARQ process number – 1 bit 
-	New data indicator – 1 bit
-	DCI subframe repetition number – 2 bits as defined in section 9.1.5 of [3]
[bookmark: P12]Proposal 12: The following information is transmitted by means of the DCI format 6-0A for a sub-PRB allocation in CE Mode A:
-    Flag format 6-0A/format 6-1A differentiation – 1 bit, where value 0 indicates format 6-0A and value 1 indicates format 6-1A
-    Flag for PUSCH allocation/sub-PRB allocation differentiation – 1 bit, where value 0 indicates a full PRB allocation and value 1 indicates a sub-PRB allocation. This field is only present if sub PRB allocation is configured.
-    Frequency hopping flag – 1 bit, where value 0 indicates frequency hopping is not enabled and value 1 indicates frequency hopping is enabled as defined in section 5.3.4 of [2]
-    Resource block assignment –  +5 are split in two fields if sub PRB allocation is configured: 

-     3 bits for “Subcarrier indication field (Isc)" from 0 to 4 to indicate (Note: We can at most use 5 indexes for Isc, so we do not exceed total number of bits required i.e., 5() when any PRB within a system BW can be allocated):
•	For 6 sub-carriers QPSK allocations, an allocation of either {0, 1, 2, 3, 4, 5} or {6, 7, 8, 9, 10, 11}, which is selected via RRC signalling.
•	For 3 sub-carrier allocations, 4 non-overlapping allocations per PRB, i.e., {0, 1, 2}, {3, 4, 5}, {6, 7, 8}, and {9, 10, 11}. Whether the allocation refers to a “3 sub-carrier QPSK” or a “2 of 3 sub-carrier pi/2 BSPK” is indicated via RRC signalling.
-      +2 bits are used to allocate any PRB within a given system’s bandwidth.
-    Modulation and coding scheme – 5 bits. If the flag for PUSCH allocation/sub-PRB allocation differentiation is set to 0, then only 4 bits are used as defined in section 8.6 of [3]. Otherwise, 5 bits are used and split in two fields: 
-     2 bits are used for indicating the number of allocated RUs (i.e., 1, 2, or 4 RUs).
-     3 bits for MCS index, the TBS associated to those indexes are down-selected from 16 to 8 based on the legacy TBS table. The modulation scheme to be used is inferred from the “Subcarrier indication field (Isc)”, and RRC signalling in case of a 3 subcarrier allocation.
-    Repetition number – 2 or 3 bits as defined in section 8.0 of [3]. The 3-bit field applies when ce-pdsch-puschEnhancement-config is configured by higher layers, otherwise the 2-bit field applies.
-    HARQ process number – 3 bits 
-    New data indicator – 1 bit
-    Redundancy version – 2 bits
-    TPC command for scheduled PUSCH – 2 bits as defined in section 5.1.1.1 of [3]
-    UL index – 2 bits as defined in sections 5.1.1.1, 7.2.1, 8 and 8.4 of [3] (this field is present only for TDD operation with uplink-downlink configuration 0)
-    Downlink Assignment Index (DAI) – 2 bits as defined in section 7.3 of [3] (This field is present only for cases with TDD primary cell and either TDD operation with uplink-downlink configurations 1-6 or FDD operation. This field is reserved when the configured maximum repetition number is larger than 1 for MPDCCH, or when the higher layer parameter csi-NumRepetitionCE-r13 indicates more than one subframe)
-    CSI request – 1 bit as defined in section 7.2.1 of [3]
-    SRS request –1 bit. The interpretation of this field is provided in section 8.2 of [3]
-    DCI subframe repetition number – 2 bits as defined in section 9.1.5 of [3] 
-    Modulation order override – 1 bit as defined in section 8.6.1 of [3]. This field is only present when ce-pdsch-puschEnhancement-config is configured by higher layers. This field (if present) may be used only if the flag for PUSCH allocation/sub-PRB allocation differentiation is set to 0.
Qualcomm
Proposal 4: The number of resource units can be predefined for each TBS without explicit signalling in DCI.
Proposal 5: 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.
Nokia
Proposal 3: One bit is added to the DCI to indicate sub-PRB or legacy resource allocation.
Proposal 4: In CE Mode A, resource allocation is given by narrowband index and sub-PRB allocation within the narrowband as shown in Table 1.
Proposal 5: 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.
Samsung
Proposal #3: Extend current resource allocation field by 3 bits for CE Mode B.
Proposal #4: Combined indication of PRB index and subcarrier index can be considered for both CE Mode A and CE Mode B.
Proposal #5: Introduce 1 bit indication for QPSK or Pi/2-BPSK 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.
Proposal #8: Use a MCS/RU/TBS table combining RU and TBS for sub-PRB allocation.
Proposal #9: RRC parameter ‘pusch-maxNumRepetitionCEmodeA’ and ‘pusch-maxNumRepetitionCEmode B’ denote the number of maximum valid subframes and reuse legacy candidate value.
Re-farm 2bit TPC command in Mode A when Sub-PRB is allocated.
Intel
Proposal 2:
•	TBS for sub-PRB allocation is based on eMTC TBS tables, by changing the number of PRBs to the number of RUs.
Proposal 5:
· 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, 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.
· 
 bits are used for indication of NB index.
· Limit the PRB allocation candidates within the NB, where two candidates are indicated via 1 bit for CE mode A and implicit indication is used for CE mode B.
· For subcarrier allocation within the allocated PRB, 4 bits are used in CE mode A to indicate total of 10 possible subcarrier allocations, while 3 bits are used in CE mode B by limiting the possible subcarrier allocations to be 8 options. 
· Limit the supported number of RUs, where two number of RUs are indicated via 1 bit in the DCI.

Sharp
Proposal 3: PRB allocation as in current specification and sub-PRB allocation should be supported in the same DCI format respectively for CE mode A and CE mode B. 
Proposal 4: 6 bits can be used to indicate the PRB allocation and sub-PRB allocation within a narrowband for CE mode A and CE mode B.
NTT Docomo
Proposal 2: Mapping one TB to 1, 2, 3 or 4 RUs in CE Mode A
Proposal 3: Mapping one TB to 2 or 4 RUs in CE Mode B
[bookmark: OLE_LINK35]Proposal 4: Define one unified MCS/TBS table for 3/6 sub-carriers with QPSK modulation and 2 of 3 sub-carriers pi/2 BPSK modulation
· For CE mode A, use the 1~4 RUs to replace the 1~4 PRBs in in legacy Rel-13 PUSCH MCS/TBS table
· MCS/TBS index 0~10 for QPSK modulation 
· Reselect the MCS/TBS levels to support maximum 1000 bits e.g. based on the difference of coding rate
· MCS/TBS index 11~15 for pi/2 BPSK modulation
· Equally selecting the 5 MCS/TBS levels
· For CE mode B, use the 2 RUs and 4 RUs to replace the 1 PRB and 2 PRBs in legacy Rel-13 PUSCH MCS/TBS table
· Reuse legacy MCS/TBS index 0~10 for QPSK modulation
· Support maximum 936 bits
· MCS/TBS index 11~15 MCS/TBS index for pi/2 BPSK modulation
· Equally selecting the 5 MCS/TBS levels

Tdocs
[1]  R1-1804472 Sub-PRB Design Considerations Sierra Wireless, S.A.
[2]  R1-1803887 On Sub-RB resource allocation for MTC PUSCH Huawei, HiSilicon
[3]  R1-1804124 PUSCH sub-PRB allocation for MTC Ericsson
[4]  R1-1804916 Sub-PRB allocation for eFeMTC Qualcomm Incorporated
[5]  R1-1804176 Remaining issues on PUSCH sub-PRB allocation for MTC ZTE, SaneChips
[6]  R1-1804245 Design of PUSCH Sub-PRB Allocation Nokia, Nokia Shanghai Bell
[7]  R1-1804328 Discussion on sub-PRB allocation for eFeMTC Samsung
[8]  R1-1804606 Remaining issues in sub-PRB transmission Sony
[9]  R1-1804696 Design of sub-PRB PUSCH for efeMTC Intel Corporation
[10]  R1-1804873 Remaining issues for PUSCH sub-PRB allocation Sharp
[11]  R1-1805027 Views on PUSCH sub-PRB allocation for MTC NTT DOCOMO, INC.


Appendix I: Previsous Agreements

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

Agreements in RAN1#92
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

Agreement
The candidates for FDD are Proposal #1, #2 and #4 for CE mode A and Proposal#1, #2, and #3 for CE mode B and down-select the candidates at RAN1#92bis
· Proposal #1:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms
· Proposal #2:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms
· Proposal #3:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms. 
· Proposal #4:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms
FFS whether the above can be reused for TDD or not 

Agreement
· A maximum of 4 resource units (RUs) is supported in CE Mode A
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