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1. Introduction
In RAN1 #84 meeting, the following agreements on random access were achieved [1]:
Agreements:
· 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}

In this contribution, remaining issues on PRACH for NB-IoT are discussed.
2. Discussion
2.1. RAR content
According to previous RAN1 discussion on  random access, we have

Agreements:
· 5 bits in UL grant are used to jointly indicate the subcarrier number and starting subcarrier for NB-PUSCH transmission with 15 kHz subcarrier spacing. The total number of valid NB-PUSCH allocations for {12, 6, 3, 1} tone transmission formats and 15 kHz numerology is the sum of

1. One allocation of all 12 tones: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}

2. Two non-overlapping allocations of 6 tones: {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}

3. Four non-overlapping allocations of 3 tones: {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}

4. Twelve non-overlapping single-tone allocations: {0}, {1}, {2}, {3}, {4}, {5}, {6}, {7}, {8}, {9}, {10}, {11} and {12}

· 6 bits in UL grant are used to indicate the subcarrier index for NB-PUSCH transmission with 3.75 kHz subcarrier spacing (48 non-overlapping single-tone allocations).

Agreements:
· The set of options for the max number of repetitions in an NB-PDCCH search space is the same for all search spaces

· Rmax is from: {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}

As eNB already knows the UE Msg3 transmission capability, the design can be categorized for single tone and multi-tone , respectively.
Table 1  single tone Msg3 RAR UL Grant 
	Field 
	Size 

	Sub-carriers indication type（3.75kHz or 15kHz） and Sub-carriers indication  
	6bits ,joint-coding

	
	

	Number of resource units 
	3bits to indicate one among {1、2、3、4、5、6、8、10}

	Repetition number 
	4bits to indicate one among {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}

	Modulation and coding scheme
	Follow current agreement

	Redundancy Versions
	Follow current agreement or RV0 by default

	TPC for NB-PUSCH 
	Follow current agreement


Similarly ,the multi-tone design is shown in Table 2

Table 2  multi tone Msg3 RAR UL Grant 
	Field 
	Size 

	Sub-carriers indication
	3bits

1. One allocation of all 12 tones: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12}

2. Two non-overlapping allocations of 6 tones: {0, 1, 2, 3, 4, 5} and {6, 7, 8, 9, 10, 11}

3. Four non-overlapping allocations of 3 tones: {0, 1, 2}, {3, 4, 5}, {6, 7, 8} and {9, 10, 11}

 

	
	

	Number of resource units 
	3bits to indicate one among {1、2、3、4、5、6、8、10}

	Repetition number 
	4bits to indicate one among {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}

	Modulation and coding scheme
	Follow current agreement

	Redundancy Versions
	Follow current agreement or RV0 by default

	TPC for NB-PUSCH 
	Follow current agreement


Proposal 1: For RAR UL GRANT table 1 and table 2 shall be adopted. 
2.2. PDCCH order
For PDCCH order, we have the following agreement from previous RAN1 meetings:

Agreements:
· 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 NB-IoT , it is conceivable that the following information is needed for PDCCH order:

· Starting CE level – 2bits provides the PRACH starting level

· Preamble tone index

· Mask index

For preamble tone index, it shall be based on CE level. But first of all, the PRACH resource allocation signaling shall allocate contention based PRACH tone resources. Then, there are three alternatives to indicate preamble tone index for each CE level
· Use 6 bits directly indicate the allocation from the total 48tones

· Depending the allocated PRACH band decide the size of the possible tone index and use minimal bits (log2[size])
· Indicate the tone index among the remaining PRACH tone 
For PRACH Mask Index, in legacy LTE this parameter further restrict the PRACH transmission subframe index. For NB-IoT, it can be used to indicate the period index where the preamble is transmitted. Specifically, since the start of NB-PRACH transmission is the first opportunity that is >=8ms later than the end of its associated PDCCH order, we can start marking the first period satisfying the transmission delay as period 0, and select the transmission period based on explicit rules defined for mask index. For example, we can define mod(period i, mask index)=0 as one criterion to choose the transmission period.  Alternatively , we can also define the mask index to be the offset within each period, and use all the period to transmit non-contentious PRACH.
Proposal 2:  For PDCCH order, starting CE Level, preamble tone index and mask index need to be assigned.
3. Conclusions

In this contribution, remaining issues on PRACH  for NB-IoT were discussed. We make the following observations and proposals:
Proposal 1: For RAR UL GRANT table 1 and table 2 shall be adopted. 
Proposal 2:  For PDCCH order, starting CE Level, preamble tone index and mask index need to be assigned.
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