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1	Introduction
In this contribution, we identify and discuss the issues on the Rel-15 maintenance agenda item for PUSCH sub-PRB allocation for enhanced MTC.
2	Key issues and proposals
2.1	Cell dependent DMRS alternating pattern
For the 2 out of 3 subcarriers with pi/2 BPSK, only the 2 out of the 3 allocated subcarriers are used. The selection of the 2 out of the 3 subcarriers is cell specific based on the physical cell ID modulo 2 operation. The two DMRS sequences are given by r1(n) = B(n) and r2(n) = B(n)(-1) (n+Physical_Cell_ID) where B(n) is the same as the NB-IoT single tone DRMS sequence. The physical cell ID modulo 2 operation in the DMRS sequence creates a cell dependent alternating DMRS pattern. The following figure shows the DMRS mapping among the two used subcarriers for two cells. It can be seen the DMRS of the two cells are collided on subcarrier #1 of the odd-numbered slots. This is because  has been used for selecting the two subcarriers out of the 3 allocated subcarriers, and the cell dependent DMRS alternating pattern leads to a subcarrier collision on the odd-numbered transmission slots.    


Figure 1: RE mapping of the DMRS of two cells using the 2 out of 3 subcarriers

Proposal 1:  Remove the Cell ID dependency on the DMRS sequence generation to avoid the collision. 

The following Text proposal to TS 36.211 is proposed

[bookmark: _Hlk521010234]---------------------------------------------------------------- Text Start ------------------------------------------------------------------
5.5.2.1A.2	Reference signal sequence using π/2-BPSK modulation scheme
For  using π/2-BPSK modulation scheme,  is used to determine which 2 of 3 subcarriers will be used:
-	0 indicates that the two subcarriers having the lowest indices among the three allocated are utilized.
-	1 indicates that the two subcarriers having the highest indices among the three allocated are utilized.
The reference signal sequences  and  for   using 2 out of 3 subcarriers are defined by 
	
	

where the binary sequence  is defined by clause 7.2 and shall be initialised with  at the start of the PUSCH transmission using sub-PRB allocations for BL/CE UEs. The quantity  is given by Table 5.5.2.1A.2-1 where   if group hopping is not enabled, and by clause 5.5.2.1A.3 if group hopping is enabled for PUSCH using sub-PRB allocations for BL/CE UEs.
<Unchanged parts are omitted>
---------------------------------------------------------------- Text End -------------------------------------------------------------------
2.2	Clarification on the DCI for the sub-PRB allocation
When the PUSCH sub-PRB allocation is enabled by higher layer, a 2-bits “number of resource units” field is added to the DCI format 6-0A to indicate the scheduling option of full-PRB allocation or sub-PRB allocation. In section 5.3.3.1.10 of 36.212, the specification states: 
“This field is present when the possibility to use sub-PRB resource allocation is enabled by higher layers and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]”
It is a little unclear about “the possibility to use sub-PRB resource allocation is enabled by higher layers”. It is noted that in 36.213 the specification for enabling the sub-PRB resource allocation is given by “the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15”. Therefore, it would be good to use the same wording in 36.212 to have consistent specification and improve readability. 

Proposal 2:  Adopt the following TP for 36.212. 

The following Text proposal to TS 36.212 is proposed

---------------------------------------------------------------- Text Start ------------------------------------------------------------------
[bookmark: _Toc519063979]5.3.3.1.10	Format 6-0A
DCI format 6-0A is used for the scheduling of PUSCH in one UL cell, and for the indication of ACK feedback. 
The following information is transmitted by means of the DCI format 6-0A:
-	Flag format 6-0A/format 6-1A differentiation – 1 bit, where value 0 indicates format 6-0A and value 1 indicates format 6-1A
-	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 subclause 5.3.4 of [2] 
-	Number of resource units – 2 bits, where value '00' indicates the format 6-0A DCI uses PRB resource allocation, otherwise the DCI format 6-0A uses sub-PRB resource allocation as defined in subclause 8.1.6 of [3]. This field is present when the possibility to use sub-PRB resource allocation is enabledce-PUSCH-SubPRB-Config-r15 is configured by higher layers and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [3]
-	Resource block assignment – 
-	If the format 6-0A DCI uses sub-PRB resource allocation:
-	[image: ]+6 bits for PUSCH as defined in [3]
-	[image: ] MSB bits provide the narrowband index as defined in subclause 5.2.4 of [2] 
-	6 bits provide the resource allocation within the indicated narrowband using UL resource allocation type 5 as defined in subclause 8.1.6 of [3]


-	Else if flexible starting PRB for PUSCH resource allocation is enabled by higher layers with  equal to ,  bits for FDD PUSCH and  bits for TDD PUSCH provide the resource allocation using UL resource allocation type 0 as defined in subclause 8.1.1 of [3]
-	Otherwise,[image: ]+5 bits for PUSCH as defined in [3]:
-	If the 5 LSB bits indicate a value not larger than 20 
-	[image: ] MSB bits provide the narrowband index as defined in subclause 5.2.4 of [2] 
-	5 bits provide the resource allocation using UL resource allocation type 0 within the indicated narrowband
-	Otherwise,
-	[image: ]+5 bits provide the resource allocation using UL resource allocation type 4 as defined in subclause 8.1.5 of[ 3]
-	Modulation and coding scheme – 3 or 4 bits as defined in subclause 8.6 of [3] . The 3-bit field applies when the format 6-0A DCI uses sub-PRB resource allocation, otherwise the 4-bit field applies.
-	Repetition number – 2 or 3 bits as defined in subclause 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 subclause 5.1.1.1 of [3]
-	UL index – 2 bits as defined in subclauses 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 subclause 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 subclause 7.2.1 of [3]. This field is reserved if the format 6-0A DCI uses sub-PRB resource allocation.
-	SRS request –1 bit. The interpretation of this field is provided in subclause 8.2 of [3]
-	DCI subframe repetition number – 2 bits as defined in subclause 9.1.5 of [3] 
-	Modulation order override – 1 bit as defined in subclause 8.6.1 of [3]. This field is only present when ce-pdsch-puschEnhancement-config is configured by higher layers
If the Resource block assignment in format 6-0A is set to all ones, format 6-0A is used for the indication of ACK feedback, and all the remaining bits except Flag format 6-0A/format 6-1A differentiation and DCI subframe repetition number are set to zero.
If the number of information bits in format 6-0A mapped onto a given search space is less than the payload size of format 6-1A for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1A), zeros shall be appended to format 6-0A until the payload size equals that of format 6-1A.
[bookmark: _Toc519063980]5.3.3.1.11	Format 6-0B
DCI format 6-0B is used for the scheduling of PUSCH in one UL cell, and for the indication of ACK feedback. 
The following information is transmitted by means of the DCI format 6-0B:
-	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 sub-PRB resource allocation – 1 bit, where value 1 indicates the format 6-0B DCI uses sub-PRB resource allocation and value 0 indicates the format 6-0B DCI does not use sub-PRB resource allocation. This field is present when ce-PUSCH-SubPRB-Config-r15the possibility to use sub-PRB resource allocation is enabled is configured by higher layers and the DCI is mapped onto the UE-specific search space given by the C-RNTI as defined in [3].
-	Resource block assignment – 
-	If the flag for sub-PRB resource allocation is set to 1: 

-	+4 bits for PUSCH as defined in [3]

-	 MSB bits provide the narrowband index as defined in subclause 5.2.4 of [2] 
-	4 bits provide the resource allocation within the indicated narrowband using UL resource allocation type 5 as defined in subclause 8.1.6 of [3]
-	Otherwise, [image: ]+3 bits for PUSCH as defined in [3]:
-	[image: ] MSB bits provide the narrowband index as defined in subclause 5.2.4 of [2] 
-	3 bits provide the resource allocation within the indicated narrowband as specified in subclause 8.1.3 of [3] 
-	Modulation and coding scheme – 3 or 4 bits as defined in subclause 8.6 of [3]. The 3-bit field applies when the flag for sub-PRB resource allocation is present and set to 1, otherwise the 4-bit field applies.
-	Number of resource units – 1 bit as defined in subclause 8.1.6 of [3]. This field is present when the flag for sub-PRB resource allocation is present, and is reserved when the flag for sub-PRB resource allocation is set to 0.
-	Repetition number – 3 bits as defined in subclause 8.0 of [3]
-	HARQ process number – 1 bit 
-	New data indicator – 1 bit
-	DCI subframe repetition number – 2 bits as defined in subclause 9.1.5 of [3]
If the Modulation and coding scheme in format 6-0B is 4 bits and set to all ones, format 6-0B is used for the indication of ACK feedback, and all the remaining bits except Flag for format 6-0B/format 6-1B differentiation and DCI subframe repetition number are set to zero. 
If the number of information bits in format 6-0B mapped onto a given search space is less than the payload size of format 6-1B for scheduling the same serving cell and mapped onto the same search space (including any padding bits appended to format 6-1B), zeros shall be appended to format 6-0B until the payload size equals that of format 6-1B.
[bookmark: _In-sequence_SDU_delivery]<Unchanged parts are omitted>
---------------------------------------------------------------- Text End -------------------------------------------------------------------
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