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1	Introduction
The issues related to uplink aspects of TDD NB-IoT and the proposed updates are listed below: 
		
Issue #1: The term “NB-IoT UL subframe” is used but not defined in the specification. In this TP, clause 16.5 of 36.213 has been updated to add the definition of the NB-IoT UL subframe. Clause 16.5.1 of 36.213 is also updated by correcting the first NB-IoT UL slot for NPUSCH for TDD. In clause 10.1.3.6 of 36.211, we clarify the NPUSCH transmission overlapping with an invalid uplink subframe will be postponed.

[bookmark: _GoBack]Issue #2: For UL DMRS hopping for NPUSCH format 1, the group hopping pattern is reset every RU for single-tone transmission and the sequence-hopping pattern for each RU transmission is determined by the slot number of the first slot of the resource unit which has a length of 8ms for 15kHz SCS or 32ms for 3.75kHz SCS. However, for TDD the uplink transmission is allowed only in a subset of uplink subframes according to higher layer configuration. When the transmission duration of one resource unit is integer multiple of one radio frame, the same slot number is used for determining the group hopping pattern for each RU resulting in repeating the same DMRS sequence to each RU. In other words, the DMRS sequence-group hopping is not supported for single tone transmission in TDD when reusing the FDD group hopping pattern. In this TP, the sequence-hopping pattern for single tone transmission in subclause 10.1.4.1.3 of 36.211 has been changed by using the absolute subframe index together with a modulo operation to avoid repeating the same DMRS sequence for each transmission resource unit. 

Issue #3: The agreement on aligning the transmission of NPRACH format 0-a and 1-a with the subframe boundary was not captured in the specification. In this TP, the subclause 10.1.6.1 of 36.211 has been updated to capture this agreement.

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 36.213
16.5	Narrowband physical uplink shared channel related procedures
A NB-IoT UE shall assume a subframe as a NB-IoT UL subframe if 
-	for a NB-IoT carrier, the subframe is configured as NB-IoT UL subframe by the higher layer parameter tdd-SubframeBitmap.

For a NB-IoT UE that supports twoHARQ-Processes-r14, there shall be a maximum of 2 uplink HARQ processes.
16.5.1	UE procedure for transmitting format 1 narrowband physical uplink shared channel
A UE shall upon detection on a given serving cell of a NPDCCH with DCI format N0 ending in NB-IoT DL subframe n intended for the UE, perform, at the end of 
· n+k0 DL subframe for FDD, 
· k0 NB-IoT UL subframes following the end of n+8 subframe for TDD,
a corresponding NPUSCH transmission using NPUSCH format 1 in N consecutive NB-IoT UL slots ni with i = 0, 1, …, N-1 according to the NPDCCH information where
-	subframe n is the last subframe in which the NPDCCH is transmitted and is determined from the starting subframe of NPDCCH transmission and the DCI subframe repetition number field in the corresponding DCI; and




-	, where the value of is determined by the repetition number field in the corresponding DCI (see Subclause 16.5.1.1), the value of is determined by the resource assignment field in the corresponding DCI (see Subclause 16.5.1.1), and the value of  is the number of NB-IoT UL slots of the resource unit (defined in clause 10.1.2.3 of [3]) corresponding to the allocated number of subcarriers (as determined in Subclause 16.5.1.1) in the corresponding DCI, 
-	n0 is the first NB-IoT UL slot starting after the end of subframe n+k0 for FDD or k0 NB-IoT UL subframes following the end of n+8 subframe for TDD

-	value of k0 is determined by the scheduling delay field () in the corresponding DCI according to Table 16.5.1-1 for FDD and Table 16.5.1-1A for TDD. 

Table 16.5.1-1: for DCI format N0 for FDD.
	

	


	0
	8

	1
	16

	2
	32

	3
	64




Table 16.5.1-1A: for DCI format N0 for TDD.
	

	


	0
	0

	1
	8

	2
	16

	3
	32



[bookmark: _Toc454818195]3	Text Proposal for TS 36.211
[bookmark: _Toc454818171][bookmark: _Toc454818180][bookmark: _Toc454818176]10.1.3.6	Mapping to physical resources


NPUSCH can be mapped to one or more than one resource units, , as given by clause 16.5.1.2 of 3GPP TS 36.213 [4], each of which shall be transmitted  times.







The block of complex-valued symbols  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [4], and mapped in sequence starting with  to subcarriers assigned for transmission of NPUSCH. The mapping to resource elements  corresponding to the subcarriers assigned for transmission and not used for transmission of reference signals, shall be in increasing order of first the index , then the index, starting with the first slot in the assigned resource unit.




After mapping to slots, the  slots shall be repeated  additional times, before continuing the mapping of  to the following slot, where





For NPUSCH Format 1 and 2 on frame structure type 2 with , 
· 
the NPUSCH transmission is carried out in the first set of  slots spanning over two contiguous uplink subframes not overlapping with any uplink subframe configured as invalid; 
· for TDD configuration 1 and 4, if the starting position for the NPUSCH is indicated as the second of the two contiguous uplink subframes, the NPUSCH transmission is postponed until the start of two consecutive uplink subframes.

If a mapping to  slots or a repetition of the mapping contains a resource element which overlaps with any configured NPRACH resource according to NPRACH-ConfigSIB-NB, 



[bookmark: _Hlk515118987]-	for  the NPUSCH transmission in overlapped slots is postponed until the next  slots not overlapping with any configured NPRACH resource. 



-	for  the NPUSCH transmission in overlapped  slots is postponed until the next  slots starting with the first slot satisfying  and not overlapping with any configured NPRACH resource.




NPRACH gaps as defined in section 10.1.6.1 are not part of the NPRACH resource. The mapping of  is then repeated until  slots have been transmitted. After transmissions and/or postponements due to NPRACH of  time units, for frame structure type 1, a gap of  time units shall be inserted where the NPUSCH transmission is postponed. The portion of a postponement due to NPRACH which coincides with a gap is counted as part of the gap.
When higher layer parameter npusch-AllSymbols is set to false, resource elements in SC-FDMA symbols overlapping with a symbol configured with SRS according to srs-SubframeConfig shall be counted in the NPUSCH mapping but not used for transmission of the NPUSCH. When higher layer parameter npusch-AllSymbols is set to true, all symbols are transmitted. 
In case of NPUSCH transmissions in subframes that are not NB-IoT uplink subframes, the NPUSCH transmission is postponed until the next NB-IoT uplink subframe. 
10.1.4.1.3	Group hopping




For the reference signal for NPUSCH format 1, 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 10.1.4.1.3-1.

Table 10.1.4.1.3-1: Definition of 
	

	


	1
	16

	3
	12

	6
	14

	12
	30



Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter groupHoppingEnabled provided by higher layers. Sequence-group hopping for NPUSCH can be disabled for a certain UE through the higher-layer parameter groupHoppingDisabled despite being enabled on a cell basis unless the NPUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure. 

The group-hopping pattern  is given by













where for frame structure type 1,  for  and  is the slot number of the first slot of the resource unit for and for frame structure type 2  for  and  is given by  for  where  and  are the frame and slot numbers of the first slot of the resource unit. 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 and in every even slot for .

The sequence-shift pattern  is given by 




where is given by higher-layer parameter groupAssignmentNPUSCH. If no value is signalled ,.
10.1.6.1	Time and frequency structure



The physical layer random access preamble is based on single-subcarrier frequency-hopping symbol groups. A symbol group is illustrated in Figure 10.1.6.1-1, consisting of a cyclic prefix of length  and a sequence of identical symbols with total length. The total number of symbol groups in a preamble repetition unit is denoted by . The number of time-contiguous symbol groups is given by .  
The parameter values for frame structures 1 and 2 are listed in Tables 10.1.6.1-1 and 10.1.6.1-2, respectively.



Figure 10.1.6.1-1: Random access symbol group

[bookmark: _Hlk511532882][bookmark: _Hlk515117179]Table 10.1.6.1-1: Random access preamble parameters for frame structure type 1
	Preamble format
	

	

	

	

	


	0
	4
	4
	5
	

	


	1
	4
	4
	5
	

	


	2
	6
	6
	3
	

	3



Table 10.1.6.1-2: Random access preamble parameters for frame structure type 2
	Preamble format
	Supported uplink-downlink configurations
	

	

	

	

	


	0
	1, 2, 3, 4, 5
	2
	4
	1
	

	


	1
	1, 4
	2
	4
	2
	

	


	2
	3
	2
	4
	4
	

	


	0-a
	1, 2, 3, 4, 5
	3
	6
	1
	

	


	1-a
	1, 4
	3
	6
	2
	

	





[bookmark: _Hlk515118910]The preamble consisting of  symbol groups shall be transmitted  times. For frame structure type 2, when an invalid uplink subframe overlaps the transmission of  symbol groups without a gap, the  symbol groups are dropped. For frame structure type 2, when preamble format 0-a or 1-a as described in Table 10.1.6.1-2 is configured, the transmission of  symbol groups is aligned with the subframe boundary.
The transmission of a random-access preamble, if triggered by the MAC layer, is restricted to certain time and frequency resources.
A NPRACH configuration provided by higher layers contains the following:

-	NPRACH resource periodicity  (nprach-Periodicity),

-	frequency location of the first subcarrier allocated to NPRACH  (nprach-SubcarrierOffset),

-	number of subcarriers allocated to NPRACH  (nprach-NumSubcarriers), 

-	number of starting sub-carriers allocated to UE initiated random access  (nprach-NumCBRA-StartSubcarriers),

-	number of NPRACH repetitions per attempt  (numRepetitionsPerPreambleAttempt),

-	NPRACH starting time  (nprach-StartTime),

-	Fraction for calculating starting subcarrier index for the range of NPRACH subcarriers reserved for indication of UE support for multi-tone msg3 transmission  (nprach-SubcarrierMSG3-RangeStart).




NPRACH transmission can start only  time units after the start of a radio frame fulfilling . For frame structure type 1, after transmissions of  time units, a gap of  time units shall be inserted.

NPRACH configurations where  are invalid.


The NPRACH starting subcarriers allocated to UE initiated random access are split in two sets of subcarriers,  and , where the second set, if present, indicate UE support for multi-tone msg3 transmission.



The frequency location of the NPRACH transmission is constrained within  sub-carriers, and within when preamble format 2 as described in Table 10.1.6.1-1 is configured. Frequency hopping shall be used within the 12 subcarriers and 36 subcarriers when preamble format 2 as described in Table 10.1.6.1-1 is configured, where the frequency location of the ith symbol group is given by  where  . The quantity  depends on the frame structure.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]TS 36.211, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”, version 15.2.0
TS 36.213, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures”, version 15.2.0
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