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Introduction
The following tdoc provides a summary of the open issues and proposals based submitted tdoc’s to the Rel 15 maintenance agenda item for Sub-PRB in RAN1#94.
Key Issues and Proposals
Cyclic repetition supported in Mode B
Issue: Source [1]. There is an FFS in the below agreement on Mode B.
· Cyclic repetition is not supported for sub-PRB allocation for CE Mode A 
· FFS: For CE Mode B

Proposal #1: Make the following agreement:
Cyclic repetition is not supported for PUSCH sub-PRB transmissions in CE Mode B.
Supported by: ZTE, Ericsson, Qualcomm
RV Cycling supported
Issue: Source [1,4]. The following agreement was made WRT RV cycling
4 RVs will be used for sub-PRB transmission 
However [1,4] notes that the specification for Mode A is incorrect indicates RV cycling is not used.
Proposal #1:  Make the following agreements:
For CE Mode A and B, RV cycling is supported for PUSCH sub-PRB repetitions.
RV changes per repetition which occurs every (RU Size *number of RU) transmission subframes.
For CE Mode A, the first RV is indicated in DCI and subsequent RVs continue following the RV order 0, 2, 3, 1; 
For CE Mode B, the first RV is always 0 and the RV order is always 0, 2, 3, 1.
Supported by: ZTE, Ericsson, Sharp, Qualcomm (added “transmission”)

Proposal #2:  Make the following agreements:
For sub-PRB allocation, for both CE mode A and CE mode B, the RV of one PUSCH repetition is determined based on its first subframe.
See [4] for TP
Supported by: Sharp
[image: cid:image003.png@01D40E09.753A3330]was defined, but has no value
Issue: Source [2], [image: cid:image003.png@01D40E09.753A3330]was defined, but was not assigned the value of 12.

Proposal: Add definition in Table 5.2.3A-1- See [2] for TP for 36.211
Supported by: Ericsson, Sierra Wireless, Qualcomm

-------------------------------------------------------- Text start -----------------------------------------------------------------
5.2.3A		Resource unit




Resource units are used to describe the mapping of PUSCH using sub-PRB allocations to resource elements for BL/CE UEs. A resource unit is defined as  SC-FDMA symbols in the time domain and consecutive subcarriers in the frequency domain, where  and  are given by Table 5.2.3A-1. 



Table 5.2.3A-1: Supported combinations of , , and  for PUSCH using sub-PRB allocations for Frame Structure type 1 and Frame Structure type 2.
	Physical channel
	

	Modulation scheme
	[image: cid:image003.png@01D40E09.753A3330]
	

	

	

	Comment

	PUSCH
	15 kHz
	π/2-BPSK
	
12
	3
	16
	7
	2 out of 3 subcarriers used

	
	
	QPSK
	
	3
	8
	
	

	
	
	
	
	6
	4
	
	



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

Clarify DMRS for 2 of 3 allocation is DFT Spread
Issue: Source [2], the specification is unclear that the DMRS for the 2 of 3 Pi/2 BPSK allocation needs to transform pre-coded (i.e. DFT spread). 

Proposal: Add this clarification to section Clause 5.5.2.1A.2. See [2] for a TP for 36.211. 
Supported by: Ericsson, Sierra Wireless, Qualcomm

--------------------------------------------------------- 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.
· 
Table 5.5.2.1A.2-1: Definition of  
	

	


	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1

	2
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1

	3
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1

	4
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1

	5
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1

	6
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	1
	1

	7
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	1
	-1

	8
	1
	1
	1
	1
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1

	9
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1

	10
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1

	11
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1

	12
	1
	1
	1
	1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	-1
	1
	1
	1
	1

	13
	1
	-1
	1
	-1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	1
	-1
	1
	-1

	14
	1
	1
	-1
	-1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	1
	1
	-1
	-1

	15
	1
	-1
	-1
	1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	1
	-1
	-1
	1



The reference signal sequences for PUSCH using sub-PRB allocations for BL/CE UEs is given by: clause 5.3.3, where   and   correspond to the complex-valued symbols at the input of the transform precoding. The resulting complex-valued symbols at the output of the transform precoding correspond to the sequence [image: cid:image066.png@01D40E09.753A3330] which is mapped to physical resources as described in clause 5.5.2.1A.4.


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

Variable needs to be updated in Transform Precoding section 
Issue: Source [2]. It was agreed that the transform precoding (i.e. DFT spreading) is applied for pi/2 BPSK sub-PRB allocation but the variable  in clause 5.3.3 needs to be updated to deal with the number of allocated subcarriers.

Proposal: For sub-PRB transmission, update . 5.3.3 in TS 36.211. See [2] for TP for 36.211
Supported by: Ericsson, Sierra Wireless, Qualcomm

--------------------------------------------------------- Text start -----------------------------------------------------------------
[bookmark: _Toc454817963]5.3.3	Transform precoding



For each layer  the block of complex-valued symbols  is divided into  sets, each corresponding to one SC-FDMA symbol. Transform precoding shall be applied according to





resulting in a block of complex-valued symbols . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil



where  is a set of non-negative integers. 
In case of PUSCH transmissions using sub-PRB allocations for BL/CE UEs, the variable .
-------------------------------------------------------- Text End ----------------------------------------------------------------


Update subcarrier indices and Fix an Error in phase rotation formula for PI/2 BPSK Modulation
Issue: Source [2]. The subcarrier indices for the pi/2 BPSK were not defined in the correct range of (-6 to 5) and there is an error in the equation for the phase rotation 

Proposal:  Update section 5.6A.2 to fix the issues. See [2] for a TP for 36.211
Supported by: Ericsson, Sierra Wireless, Qualcomm

----------------------------------------------------------------- Text start --------------------------------------------------------
5.6A.2	Modulation scheme π/2-BPSK



For  and π/2-BPSK modulation only 2-of-3 adjacent subcarriers are selected as described in 5.5.2.1A.2, where  represents the lower subcarrier index among the selected subcarriers and  the subcarrier index adjacent to it. . The time-continuous signal  in SC-FDMA symbol  in an uplink slot is defined by 





where the values of  used on   and  are respectively obtained by subtracting  from the resulting set of allocated subcarriers as described in Table 8.1.6-1 of [4], and  represents the lower subcarrier index among the selected subcarriers and  is the subcarrier index adjacent to it.







for  where , ,  is given by Table 5.6-1, and  and  are respectively the modulation value for subcarrier index  and  for symbol . The phase rotation  is given by






where  is a symbol counter that is reset at the start of a transmission and incremented for each symbol during the transmission.




The SC-FDMA symbols in a slot shall be transmitted in increasing order of , starting with , where SC-FDMA symbol  starts at time  within the slot.

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

DMRS Sequence-group hopping error 
Issue: Source [3]. The configuration of DMRS sequence-group hopping for PUSCH sub-PRB allocation shall reuse the same parameter for the full PRB allocation. However, the current specification states that the DMRS sequence-group hopping for PUSCH sub-PRB allocation follows the PUSCH frequency hopping. 

Proposal:  Update subclause 5.5.2.1A.3 of 36.211 to point to 5.5.13 to solve this issue. See [3] for TP
Supported by: Qualcomm, Sierra Wireless, Ericsson
----------------------------------------------------------------- Text start --------------------------------------------------------
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 [image: ] in slot [image: ] is defined by a group hopping pattern [image: ] and a sequence-shift pattern [image: ] 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 [image: ] is given by
	
where [image: ] for [image: ] using QPSK modulation scheme and [image: ] is the slot number of the first slot of the resource unit for [image: ]using π/2-BPSK modulation scheme. The pseudo-random sequence [image: ] is defined by clause 7.2. The pseudo-random sequence generator shall be initialized with  at the beginning of the resource unit for [image: ]using π/2-BPSK modulation scheme and in every even slot for [image: ] using QPSK modulation scheme.
The sequence-shift pattern [image: ] is given by 
	
where [image: ].

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

Different parameters for the # of scheduled UL resource units
Issue: Source [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 .

Proposal:  Change  in TS 36.213 to .  See [3] for TP for 36.213
Supported by: Qualcomm, Sierra Wireless, Ericsson

---------------------------------------------------------------- Text Start-------------------------------------------------------
[bookmark: _Toc415085486]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 --------------------------------------------------------

DCI could indicate longer transmission than 'pusch-maxNumRepetitionCEmodeA'
Issue: Source [3]. The number of transmitted subframes indicated by DCI may be larger than the maximum number of transmitted subframes configured by the higher RRC layer parameter 'pusch-maxNumRepetitionCEmodeA'. 

Proposal #1:  UE overrides the number of RU units given in the DCI to ensure the number of transmitted subframes is not greater than 'pusch-maxNumRepetitionCEmodeA'.  number of resource units shall be at most equal to min(' pusch-maxNumRepetitionCEmodeA’/ ,4), See [3] for TP for 36.213
Supported by: Qualcomm, Sierra Wireless, Ericsson

Proposal #2: Leave it to eNB to ensure that the assigned number of subframes does not exceed the configured max value. Capture error condition in the specification where the UE can assume the DCI is valid even if the SF of transmission exceeds ' pusch-maxNumRepetitionCEmodeA’. 
Supported by: Sharp, Sierra Wireless
[bookmark: _GoBack]Pi/2 BPSK DMRS Collisions 
Issue: Source [3]. The Pi/2 BPSK DMRS resources used by the two cells may collided. 

Proposal #1:  Remove the Cell ID dependency on the DMRS formula to avoid this collision. See [3] for TP for 36.211
Supported by: Qualcomm

Proposal #2:  Optionally shift DMRS pattern by one slot to avoid collisions.
Supported by: Ericsson

Tdocs
[1]  R1-1808625 Remaining issue for Sub-PRB allocation ZTE
[2]  R1-1808987 Maintenance issues for PUSCH sub-PRB allocation for Rel-15 LTE-MTC Ericsson
[3]  R1-1809010 Maintenance for PUSCH subPRB allocation Qualcomm Incorporated
[4]  R1-1809104 Discussion on RV determination for sub-PRB allocation Sharp
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