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1. Introduction
In RAN1 NB-IoT Ad-Hoc meeting, followings are agreed for random access [1]:
	Agreement: 
· For NB-PRACH,
· A symbol group consists of 1 CP + 5 identical symbols
·  The symbol values do not change across symbol groups during a NB-PRACH transmission
· The configuration of NB-PRACH resource is given by –
· Periodicity (3 bits)
· {40, 80, 160, 240, 320, 640, 1280, 2560} ms
· When PRACH resource and PUSCH collide, PUSCH is postponed
· Number of repetitions (3 bits)
· {1, 2, 4, 8, 16, 32, 64, 128}
· Number of opportunities per period
· 1 (no indication needed)
· Starting time of period (FFS bits)
· FFS
· Repetition uses contiguous subframes within one period 
· Frequency
· Frequency location in subcarrier offset (3 bits)
· {0, 12, 24, 36, 2, 18, 34}
· Number of subcarriers (2 bits)
· {12, 24, 36, 48}
· Multi-tone Msg3 transmission is not supported for the following numbers of repetitions of NB-PRACH
· {32, 64, 128}
· RAR is transmitted on an NPDSCH scheduled by an NPDCCH
· The NPDSCH transport block can contain RAR messages to multiple UEs
· Existing timing advanced procedure is reused for NB-IoT
· FFS:
· The time for the TA adjustment (legacy is n+6)
· The timing advance update does not impact the phase settings
· i.e. phase is determined in the same way with or without timing advance
· For NB-PRACH transmission following a PDCCH order, the start of NB-PRACH transmission is the first opportunity that is >=8ms later than the end of its associated PDCCH order.
· For Msg3, 
· The start of Msg3 transmission is the first opportunity that is >=12ms later than the end of the corresponding RAR transmission.
· In case a RAR is received with no response to the corresponding NB-PRACH, the start of any new NB-PRACH transmission is the first opportunity that is >=12ms later than the end of the RAR.
· In case no RAR is received at the end of the RAR window, the start of any new NB-PRACH transmission is the first opportunity that is >=12ms later than the end of the RAR window.


In this contribution, we continue to discuss remaining issues on RACH procedure for NB-IoT. 
2. Discussion
2.1. NPRACH transmission
According to agreements relevant to NPRACH transmission, hopping pattern for a single PRACH transmission is defined within 12 subcarriers, and the total number of subcarriers for NPRACH can be larger than 12 (e.g. 24, 36, 48). Depending on selected subcarrier offset, it is necessary to handle the case where the sum of subcarrier offset and the number of subcarriers exceeds the total number of subcarriers within a NB-IoT carrier (e.g. 48). Simply, subcarrier index for allocating frequency resource for NPRACH can be cyclically counted. For instance, if subcarrier offset is set to 36 and the number of subcarriers is set to 24, then one frequency resource can consist of subcarrier index 36 to 47, and the remaining frequency resource can consist of subcarrier index 0 to 11. 
Proposal 1: Subcarrier index of frequency resource allocation for NPRACH is determined cyclically.
Meanwhile, some portion of subcarrier offset (e.g. 2, 18, 34) considers the potential existence of guard band to multiplex other channels (e.g. NB-PUSCH or legacy PUSCH) with different subcarrier spacing. In this case, it is necessary to clarity how to allocate a number of subcarriers (more than 12) from the starting subcarrier index for NPRACH frequency resources. At least, it can be considered that the guard band nearest the end of NB-IoT carrier (e.g. subcarrier index 0, 1, 46, and 47) is excluded when more than 12 subcarriers are allocated for NPRCH and the cyclic count of subcarrier is needed as mentioned earlier. For example, if the starting subcarrier index is set to 34 and the number of subcarrier is set to 24, then one frequency resource consists of subcarrier index 34 to 45 and the remaining resource consists of subcarrier index 2 to 13 to consider potential guard band. Next, in case of potential guard band in the middle of the NB-IoT carrier (e.g. subcarrier index 14, 15, 16, 17 and 30, 31, 32, 33), when the allocated number of subcarriers for NPRACH is equal to or larger than 24, these potential guard band is used for NPRACH frequency resource.
Proposal 2: It is needed to clarify how to handle the case where starting subcarrier is set to 2, 18, 34 and the number of subcarriers is larger than 12.

2.2. RAR transmission
Considering contention-based random access, multiple NPRACH transmission in the same subframe will have different starting or ending subcarrier index except for NPRACH collision case. Regarding RAR agreement, a single NPDSCH transport block can contain RAR messages to multiple UEs. Overall, we consider that the subcarrier index of NPRACH transmission can be used as preamble index. When multiple RARs are transmitted on the same NB-PDSCH, MAC RAR message can be distinguished by the subcarrier index of NPRACH transmission.
Proposal 3: Subcarrier index of PRACH transmission is used for PREAMBLE index.
Currently, RA-RNTI is determined based on frequency and time. Given that subcarrier index is used for preamble index, determination of RA-RNTI needs to be clarified. One simple approach is to modify the value of RA-RNTI for NB-IoT to consider time resource index but not subcarrier index to transmit RARs among different NPRACH transmission on a single NB-PDSCH. Alternatively, the value of RA-RNTI for NB-IoT can be determined by considering time resource index and subcarrier set index. According to previous agreements, a single NPRACH transmission will occupy 12 subcarriers, but serving cell can allocate more than 12 subcarriers for NPRACH transmission. In this case, multiple subcarriers for NPRACH transmission can be partitioned into multiple subcarrier sets consisting of 12 contiguous subcarriers. In this case, RAR transmissions associated with NPRACH mapped on different subcarrier set will be transmitted on different NPDSCH. Given that subcarrier index is used for preamble index, the field size for RAPID can be fixed to 4 bits regardless of the number of subcarriers for NPRACH transmission. 
Proposal 4: PRACH transmissions in the same NB-IoT carrier or subcarrier set share the same frequency ID for RA-RNTI computation. 

2.3. Msg 3 transmission
It is agreed to support multi-tone transmission for Msg3, which is motivated that the message size of Msg3 can be large (Msg3 can contain either C-RNTI MAC CE or CCCH SDU). As in LTE system, it can be considered that PRACH resource (e.g. preamble index) is used to indicate potential size of the associated Msg3. Similarly, the time-frequency resource set of NPRACH can be used to indicate whether multi-tone Msg3 transmission is capable or not. For instance, the time-frequency resource set can be grouped as group A and group B. If the potential message size of Msg3 is larger than the predefined or high layer signalled threshold and if the pathloss is less than predefined or high layer signalled threshold, the time-frequency resource set is selected from the group B. Otherwise, the time-frequency resource set is selected from the group A. At eNB side, considering the received NPRACH is belongs to which group, it will be possible to know whether UE can transmit multi-tone Msg3 or not. Similarly, transmission type (e.g. single-tone or multi-tone) of Msg3 can be linked with its associated NPRACH resource. In case, DCI overhead can be saved. Alternatively, the transmission type of Msg3 can be indicated by UL grant for flexibility on resource allocation.  
Proposal 5: Whether the associated Msg3 is transmitted by single-tone transmission or multi-tone transmission can be linked with NPRACH resource or indicated by UL grant. 

When the number of UEs who access in the same time increase, it will be necessary to distribute Msg3 transmission in time domain. Simply, it can be considered to extend UL delay field in UL grant. For example, 2-bit UL delay can indicate four timing position to transmit NB-PUSCH containing Msg3. On the other hand, each UL grant can contain gap field, and the transmission timing of Msg3 can be determined based on the gap value and subcarrier index of the associated NPRACH. Generally, we prefer the similar format between UL grant carried in RAR and UL grant. In this sense, the similar indication of the gap can be used in UL grant carried in RAR. To save signalling overhead, the granularity of frequency resource allocation can increase. For instance, frequency resource of PUSCH is set to multiples of 6 subcarriers, and remaining bits indicate transmission timing of Msg3. Alternatively, the same field used for UL grant can be used for UL grant carried in RAR. However, the number of PRBs (or the number of resource units) may not be necessary assuming it is always fixed to 1 PRB or prefixed number of resource units for Msg 3 transmission. The Table 1 shows an example of fields of UL grant carried in RAR. 
Table 1: Example of fields of UL grant on RAR.
	Field Name
	Bit Size
	Description

	ITBS
	3 or 4 bits
	TBS value

	Resource allocation
	6 bits
	15 kHz with 5 bits, 3.75 kHz with 6 bits

	The gap
	2 bits
	The gap between end of NB-PDCCH and Msg3 starting

	Repetition number
	3 bits
	Repetition number of Msg 3

	Subcarrier spacing
	1 bit
	3.75 or 15 kHz



Proposal 6: Table 1 is used for UL grant carried in RAR. 

3. Conclusion
In this contribution, we discussed issues related to random access procedure for NB-IoT. The followings summarize our proposals.
Proposal 1: Subcarrier index of frequency resource allocation for NPRACH is determined cyclically.
Proposal 2: It is needed to clarify how to handle the case where starting subcarrier is set to 2, 18, 34 and the number of subcarriers is larger than 12.
Proposal 3: Subcarrier index of PRACH transmission is used for PREAMBLE index.
Proposal 4: PRACH transmissions in the same NB-IoT carrier or subcarrier set share the same frequency ID for RA-RNTI computation. 
Proposal 5: Whether the associated Msg3 is transmitted by single-tone transmission or multi-tone transmission can be linked with NPRACH resource or indicated by UL grant. 
Proposal 6: Table 1 is used for UL grant carried in RAR. 
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