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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we show how to correct and clarify the specifications for NPRACH range enhancements.
[bookmark: _Ref129681832]Frequency hopping pattern
In Rel-15, FDD NPRACH format 2 is introduced to support to cell radius at least for 100km. In RAN1 #93 meeting, the frequency hopping pattern for NPRACH format 2 is agreed as follows:Agreement
Frequency hopping within one NPRACH preamble is 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz
Agreement
· The new NPRACH format has: 
· 6 symbol groups per preamble.
· Symbol-group level frequency hopping within one preamble
· 1.25 kHz hopping gap for 1st to 2nd symbol group and with opposite direction for 5th to 6th symbol group.
· 3.75 kHz hopping gap for 2nd to 3rd symbol group and with opposite direction for 4th to 5th symbol group.
· 22. 5 kHz hopping gap for 3rd to 4th symbol group.

The agreement is actually correct, but when the specification [1] captured the agreement, there are some errors in the expressions as follows:
· When the frequency location for 1st or 5th symbol group is even, the hopping gap is 1-tone and the hopping direction can be upwards and downwards for 1st to 2nd symbol group or 5th to 6th symbol group. 
· When the frequency location for 2nd or 4th symbol group is divided by 3 and rounded down to an even number, the hopping gap is 3-tones and the hopping direction can be upwards and downwards for 2nd to 3rd symbol group or 4th to 5th symbol group.
[bookmark: OLE_LINK179][bookmark: OLE_LINK117][bookmark: OLE_LINK115]Since the hopping direction can be both upwards and downwards, this is ambiguous. In addition, the hopping direction between 1st to 2nd symbol group and 5th to 6th symbol group cannot be guaranteed to be opposite, which is inconsistent with the agreement. The behavior according to the agreement should be corrected thus:
· When the frequency location for 1st or 5th symbol group is odd, the hopping gap is 1-tone and the hopping direction is downwards for 1st to 2nd symbol group or 5th to 6th symbol group.
· [bookmark: OLE_LINK1]When the frequency location for 2nd or 4th symbol group is divided by 3 and rounded down to an odd, the hopping gap is 3-tones and the hopping direction is downwards for 2nd to 3rd symbol group or 4th to 5th symbol group.
Proposal 1: Adopt the TP in Annex A in TS 36.211.
Timing advance
[bookmark: OLE_LINK657][bookmark: OLE_LINK658]For NPRACH format 2, 800 μs CP length is supported, which is enough to cover the maximum timing of arrival for cell radius of 120 km, requiring up to 800×10-6/16Ts = 1536 timing advance units. Current timing advance procedure in 36.213 defines TA = 0, 1, 2, ..., 1282 which therefore needs extending. TAC in RAR is 11 bits, so can support this range.
Proposal 2: Adopt the TP in Annex B for TS 36.213.
“PDCCH order” initiated random access procedure
[bookmark: OLE_LINK42][bookmark: OLE_LINK16]DCI format N1 is used for random access procedure initiated by a NPDCCH order. With the change of numerology and the use of 1.25 kHz subcarrier spacing, the number of subcarriers increase from 48 to 144. This means that the 6 bits used to indicate subcarrier for NPRACH format 2 in DCI format N1 are not enough, the subcarrier indication needs to be extended to 8 bits. 
[bookmark: OLE_LINK43]DCI format N1 can initiate random access procedure for NPRACH format 0/1 or format 2. For the Rel-15 UE indicating the nprach-Format2 capability, the UE can be ordered to use a NPRACH resource from SIB22-NB for NPRACH format 0/1 or a NPRACH resource from SIB23-NB for NPRACH format 2. It is therefore necessary to use 1 bit in the NPDCCH order DCI to indicate the NPRACH format. For the Rel-15 UE without nprach-Format2 capability or Rel-13/Rel-14 UE, the UE can only use NPRACH format 0/1 and can only understand the Rel-13/14 DCI formats.
Proposal 3: In DCI format N1 for NPDCCH order, for the UE that indicates the nprach-Format2 capability when SIB23-NB is configured, the subcarrier indication in NPDCCH order for NPRACH format 2 is extended to 8 bits, and 1 bit is used to indicate NPRACH format 0/1 or 2.
Proposal 4: Adopt the TP in Annex C for TS 36.213 and in Annex D for TS 36.212.

Conclusions
In this contribution, our views on the remaining issues of NPRACH range enhancements are provided. The following proposals are made.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Adopt the TP in Annex A in TS 36.211.
Proposal 2: Adopt the TP in Annex B for TS 36.213.
Proposal 3: In DCI format N1 for NPDCCH order, for the UE that indicates the nprach-Format2 capability when SIB23-NB is configured, the subcarrier indication in NPDCCH order for NPRACH format 2 is extended to 8 bits, and 1 bit is used to indicate NPRACH format 0/1 or 2.
[bookmark: _GoBack]Proposal 4: Adopt the TP in Annex C for TS 36.213 and in Annex D for TS 36.212.
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Appendix A. TP on frequency hopping pattern
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
[bookmark: _Toc454818167]10.1.6.1	Time and frequency structure



The frequency location of the NPRACH transmission is constrained within  sub-carriers, and within subcarriers 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.
For frame structure type 1:
if ,  for preamble format 2 as described in Table 10.1.6.1-1:
· 
· 
· 
where  with  being the subcarrier selected by the MAC layer from , and the pseudo random sequence  is given by clause 7.2. The pseudo random sequence generator shall be initialised with .
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

Appendix B. TP on timing advance
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.1.2	Timing synchronization
Upon reception of a timing advance command, the UE shall adjust uplink transmission timing for NPUSCH based on the received timing advance command.

The timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiples of 16. The start timing of the random access preamble is specified in [3].
In case of random access response, an 11-bit timing advance command [8], TA, indicates NTA values by index values of TA = 0, 1, 2, ..., 12821536, where an amount of the time alignment is given by NTA = TA 16. NTA is defined in [3].
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

Appendix C. TP on “PDCCH order” initiated random access procedure
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
16.3.2	Timing

In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe [image: ], , where a NPRACH resource is available. 
The "PDCCH order" in DCI format N1 indicates to the UE, 
· 



allocated subcarrier for NPRACH, where  is the subcarrier indication field in the corresponding DCI, is reserved for preamble format 0/1, is reserved for preamble format 2 only if SystemInformationBlockType23-NB is configured and the UE indicates the nprach-Format2 capability and Preamble format indicator is set to 1.
· 

a repetition number () for NPRACH determined by the repetition number field () in the corresponding DCI according to Table 16.3.2-1 where R1, R2 (if any) and R3 (if any) are given by the higher layer parameter numRepetitionsPerPreambleAttempt for each NPRACH resource, respectively. R1 < R2 <R3.

Table 16.3.2-1: Number of repetitions () for NPRACH following a "PDCCH order"
	

	


	0
	R1

	1
	R2

	2
	R3

	3
	Reserved



[bookmark: OLE_LINK58][bookmark: OLE_LINK112]The UE shall transmit random access preamble on the NB-IoT carrier indicated by "Carrier indication of NPRACH" field, if the field is present in the "PDCCH order". If the value of "Carrier indication of NPRACH" is non-zero, it indicates a NPRACH carrier derived from SystemInformationBlockType22-NB [11] for which the index in the list is equal to the carrier indication. If the value of "Carrier indication of NPRACH" is zero, the uplink carrier used for NPRACH is derived from SystemInformationBlockType2-NB [11].
If SystemInformationBlockType23-NB is configured and the UE indicates the nprach-Format2 capability, the UE shall transmit random access preamble format indicated by "Preamble format indicator" field, otherwise the UE shall transmit preamble format 0/1.
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------

Appendix D. TP on “PDCCH order” initiated random access procedure
---------------------------------------------- Start of Text Proposal ------------------------------------------
-------------------------------------------- Unchanged parts omitted -----------------------------------------
6.4.3.2	DCI Format N1
DCI format N1 is used for the scheduling of one NPDSCH codeword in one cell, random access procedure initiated by a NPDCCH order, and notifying SC-MCCH change. The DCI corresponding to a NPDCCH order is carried by NPDCCH.
The following information is transmitted by means of the DCI format N1: 
-	If the format N1 CRC is scrambled by C-RNTI or RA-RNTI:
-	Flag for format N0/format N1 differentiation – 1 bit, where value 0 indicates format N0 and value 1 indicates format N1
-	NPDCCH order indicator – 1 bit
-	Else if the format N1 CRC is scrambled by a G-RNTI:
-	Information for SC-MCCH change notification – 2 bits as defined in section 5.8a of [6]
[bookmark: OLE_LINK118][bookmark: OLE_LINK15]Format N1 is used for random access procedure initiated by a NPDCCH order only if NPDCCH order indicator is set to ‘1’, format N1 CRC is scrambled with C-RNTI, and all the remaining fields are set as follows:
-	Preamble format indicator – 1 bit, where value 0 indicates preamble format 0/1 and value 1 indicates preamble format 2. This field is only present if SystemInformationBlockType23-NB is configured and the UE indicates the nprach-Format2 capability.
-	Starting number of NPRACH repetitions – 2 bits as defined in subclause 16.3.2 of [3]
-	Subcarrier indication of NPRACH – 6 bits, this field is 8 bits only if Preamble format indicator is present and set to 1, as defined in subclause 16.3.2 of [3] 
[bookmark: OLE_LINK55]-	Carrier indication of NPRACH – 4 bits as defined in subclause 16.3.2 of [3]. This field is only present if ul-ConfigList is configured and the UE indicates the multiCarrier-NPRACH capability. 
-	All the remaining bits in format N1 are set to one
-------------------------------------------- Unchanged parts omitted -----------------------------------------
----------------------------------------------- End of Text Proposal ------------------------------------------
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