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1	Introduction
The issues related to PUSCH subPRB allocation and the proposed updates are listed below: 
		
Issue #1: 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 some slots. This is because  has been used already for selecting the two subcarriers out of the 3 allocated subcarriers, and the use of the cell dependent DMRS alternating pattern leads to a subcarrier collision on the odd-numbered transmission slots. In this TP, the clause 5.5.2.1A.2 of 36.211 has been updated by removing the modulo 2 operation from the DMRS sequence generation.    


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

Issue #2: The configuration of DMRS sequence-group hopping for PUSCH subPRB allocation shall reuse the same parameter for the full PRB allocation. However, the current specification states that the DMRS sequence-group hopping for PUSCH subPRB allocation follows the PUSCH frequency hopping for BL/CE UE. It is confusing by associating the DMRS sequence group hopping with PUSCH frequency hopping. In this TP, the subclause 5.5.2.1A.3 of 36.211 has been updated for solving this issue.

Issue #3: Different parameters are used in TS 36.211 and 36.213 for the number of scheduled UL resource units for PUSCH sub-PRB allocation. By following the definition in TS 36.211, the parameter  in TS 36.213 shall be changed to  since the parameter  is used for the number of scheduled UL resource units for NB-IoT. 


Issue #4: For PUSCH subPRB allocation, the number of transmission subframes is given by where  is a value determined by the “repetition number field” in the DCI, and  is the scheduled number of resource units determined by the 'number of resource units' field in the corresponding DCI. Since the value of  may be smaller than the value of , the actual number of transmission subframe by DCI may be larger than the maximum number of transmission subframes configured by higher layer. For example, for CE mode A, if the parameter 'pusch-maxNumRepetitionCEmodeA' indicates “16” subframes, the “repetition number” field in DCI indicates “10”, e.g., , and the “number of resource units” field in DCI indicates “4” then the actual number of occupied subframes for a RU length of 8ms according to DCI is N=32, which is larger than the maximum value of 16 subframes. In other words, there is inconsistency between DCI and RRC regarding the number of transmission subframes. For solving this issue, the number of resource units shall be conditioned on also the higher layer parameter 'pusch-maxNumRepetitionCEmodeA'. That is, the value of the number of resource units shall be at most equal to min(' pusch-maxNumRepetitionCEmodeA’/ ,4) to ensure the number of occupied subframes not exceeding the value given by RRC. In this TP, the determination of the number of resource units in the clause 8.1.6 of 36.213 has been updated to reflect the proposed update.             


Section 2 and 3 contain the actual updates as they will appear on the TS 36.211 and 36.213.
[bookmark: _Ref178064866]2	Text Proposal for TS 36.211
[bookmark: _Hlk521010234]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>


5.5.2.1A.3	Group hopping
For the reference signal for PUSCH transmission using sub-PRB allocations for BL/CE UEs, sequence-group hopping can be enabled where the sequence-group number  in slot  is defined by a group hopping pattern  and a sequence-shift pattern  according to
	
where the number of reference signal sequences available for each resource unit size,  is given by Table 5.5.2.1A.3-1.
Table 5.5.2.1A.3-1: Definition of  
	Modulation Scheme
	
	

	π/2-BPSK
	3 
	16

	QPSK
	3
	12

	
	6
	14



Sequence-group hopping can be enabled or disabled by following the PUSCH frequency hopping for BL/CE UEs as described in clause 5.3.45.5.1.3. 
The group-hopping pattern  is given by
	
where  for [image: ] using QPSK modulation scheme and  is the slot number of the first slot of the resource unit for using π/2-BPSK modulation scheme. The pseudo-random sequence  is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with  at the beginning of the resource unit for using π/2-BPSK modulation scheme and in every even slot for [image: ] using QPSK modulation scheme.
The sequence-shift pattern  is given by 
	
where .
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[bookmark: _Toc415085486][bookmark: _Toc454818180][bookmark: _Toc454818176]8.0	UE procedure for transmitting the physical uplink shared channel
<Unchanged parts are omitted>
A BL/CE UE shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B scheduling PUSCH intended for the UE, perform a corresponding PUSCH transmission in subframe(s) n+ki if a transport block corresponding to the HARQ process of the PUSCH transmission is generated as described in [8] with i = 0, 1, …, N-1 according to the MPDCCH, where
-	subframe n is the last subframe in which the MPDCCH is transmitted; and

-	x≤k0<k1<…,kN-1 and the value of  is determined by the repetition number field in the corresponding DCI, where

-	if the UE is configured with higher layer parameter ce-pdsch-puschEnhancement-config with value 'On' are given by {1,2,4,8,12,16,24,32} 
-	otherwise, [image: ]are given in Table 8-2b and Table 8-2c; and




-	if the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the PUSCH resource assignment in the corresponding DCI is using uplink resource allocation type 5,  where  is defined in [3] and  is determined according to procedure in subclause 8.1.6,  otherwise
-	in case N>1, subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s) starting with subframe n+x, and in case N=1, k0=x; 
-	for FDD, x = 4; 
-	for TDD UL/DL configurations 1-6, or for TDD UL/DL configuration 0 and a BL/CE UE in CEModeB, the value of x is given as the value of k in Table 8-2 for the corresponding TDD UL/DL configuration; If the value x is not given in Table 8-2 for subframe n, denote subframe n' as the first downlink/special subframe which has a value in Table 8-2 after subframe n, and substitute n with n' in the above procedure for performing the PUSCH transmission.



-	for TDD UL/DL configuration 0 and a BL/CE UE in CEModeA and N=1, if the MSB of the UL index in the MPDCCH with DCI format 6-0A is set to 1, the value of x is given as the value of k in Table 8-2 for the corresponding TDD UL/DL configuration; if the LSB of the UL index in the MPDCCH with DCI format 6-0A is set to 1, x = 7. The UE is not expected to receive DCI format 6-0A with both the MSB and LSB of the UL index set to 1 when N>1. In case both the MSB and LSB of the UL index are set to 1, the HARQ process number of the PUSCH corresponding the MSB of the UL index is  and the HARQ process number of the PUSCH corresponding the LSB of the UL index is , where  is determined according to the HARQ process number field in DCI format 6-0A
-	The higher layer parameter ttiBundling is not applicable to BL/CE UEs.
-	For a BL/CE UE, in case a PUSCH transmission with a corresponding MPDCCH collides with a PUSCH transmission without a corresponding MPDCCH in a subframe n, the PUSCH transmission without a corresponding MPDCCH is dropped from subframe n.
-	For a BL/CE UE, in case of collision between at least one physical resource block to be used for PUSCH transmission and physical resource blocks corresponding to configured PRACH resources for BL/CE UEs or non-BL/CE UEs (defined in [3]) in a same subframe, the PUSCH transmission is dropped in that subframe.
-	For a BL/CE UE in half-duplex FDD operation, in case a PUSCH transmission including half-duplex guard subframe without a corresponding MPDCCH collides partially or fully with a PDSCH transmission with a corresponding MPDCCH, the PUSCH transmission without a corresponding MPDCCH is dropped. 
-	For a BL/CE UE in half-duplex FDD operation and configured with ce-pdsch-puschEnhancement-config, in case a PUSCH transmission including half-duplex guard subframe collides partially or fully with a PDSCH transmission without a corresponding MPDCCH, the PUSCH transmission is dropped.
For BL/CE UEs, and for a PUSCH transmission starting in subframe n+ k0 without a corresponding MPDCCH, the UE shall adjust the PUSCH transmission in subframe(s) n+ki with i = 0, 1, …, N-1, where 

-	0≤k0<k1<…,kN-1 and the value of  is determined by the repetition number field in the activation DCI, where [image: ]are given in Table 8-2b and Table 8-2c; and




-	if the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the PUSCH resource assignment in the activation DCI is using uplink resource allocation type 5,  where  is defined in [3] and  is determined according to procedure in subclause 8.1.6,  otherwise
-	in case N>1, subframe(s) n+ki with i=0,1,…,N-1 are N consecutive BL/CE UL subframe(s), and in case N=1, k0=0; 
A BL/CE UE shall upon detection on a given serving cell of an MPDCCH with DCI format 6-0A/6-0B intended for the UE in the UE-specific search space indicating HARQ-ACK corresponding to a transport block associated to a HARQ process in the most recent PUSCH transmission with N>1, drop the remaining PUSCH transmission(s) (if any) corresponding to the transport block no later than subframe n+k, where
· subframe n is the last subframe in which the MPDCCH is transmitted; and
· for FDD, k = 4; 
· for TDD the value of k is given in Table 8-2 for the corresponding TDD UL/DL configuration; If the value of k is not given in Table 8-2 for subframe n, denote subframe n' as the first downlink/special subframe which has a value in Table 8-2 after subframe n, and substitute n with n' in the above procedure;
· 
value of is determined by the repetition number field in the corresponding DCI associated with the most recent PUSCH transmission;
· 



if the UE is configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15, and the PUSCH resource assignment in the corresponding DCI associated with the most recent PUSCH transmission is using uplink resource allocation type 5,  where  is defined in [3] and  is determined according to procedure in subclause 8.1.6,  otherwise.
<Unchanged parts are omitted>
8.1.6	Uplink resource allocation type 5
Uplink resource allocation type 5 is only applicable for BL/CE UEs configured with higher layer parameter ce-PUSCH-SubPRB-Config-r15. 
The resource allocation information for uplink resource allocation type 5 indicates to a scheduled UE
-	a set of contiguously allocated subcarriers within an allocated resource block of a narrowband,

-	a number of resource units () value of  is determined by the 'number of resource units' field in the corresponding DCI according to Table 8.1.6-2 for UE configured with CEModeA, and Table 8.1.6-3 for UE configured with CEModeB;
- 	if the UE is configured with higher layer parameter pusch-maxNumRepetitionCEmodeA, a number of resource units () is given by , where  is the value given by higher layer parameter pusch-maxNumRepetitionCEmodeA,  otherwise.


For a UE configured with CEModeA and the value of the 'number of resource units' field in the scheduling grant set to other than '00', the allocated resource block within a narrowband is given by  where  is the value of the 'resource allocation' field in the scheduling grant, and the allocated subcarriers within the allocated resource block is given in Table 8.1.6-1.
For a UE configured with CEModeB and the value of the 'sub-PRB allocation flag' field in the scheduling grant set to '1', the allocated resource block within a narrowband is given by the higher layer parameter ce-PUSCH-SubPRB-locationCE-ModeB, and the allocated subcarriers within the allocated resource block is given in Table 8.1.6-1.

In Table 8.1.6-1,  is the physical-layer cell identity as given in subclause 6.11 of [3].
Table 8.1.6-1: Subcarriers allocation for BL/CE UE.
	


= value of resource allocation field 
	Modulation
	Set of Allocated subcarriers

	0
	π/2-BPSK
	


	1
	π/2-BPSK
	


	2
	π/2-BPSK
	


	3
	π/2-BPSK
	


	4
	QPSK
	0,1,2

	5
	QPSK
	3,4,5

	6
	QPSK
	6,7,8

	7
	QPSK
	9,10,11

	8
	QPSK
	0,1,2,3,4,5

	9
	QPSK
	6,7,8,9,10,11




Table 8.1.6-2: Number of resource units () for CEModeA.
	Value of 'number of resource units' field
	
Number of resource units 

	'01'
	1

	'10'
	2

	'11'
	4




Table 8.1.6-3: Number of resource units () for CEModeB.
	Value of 'number of resource units' field
	
Number of resource units 

	'0'
	2

	'1'
	4



---------------------------------------------------------------- Text End -------------------------------------------------------------------
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