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1. Introduction
In RAN1#84 meeting, followings are agreed for random access [1]:
	Agreement: 
· Confirm WA that NB-PRACH is based on single-tone with frequency hopping. 
· NB-PRACH uses a subcarrier spacing of 3.75kHz 
· 2 CP lengths are provided to support different cell sizes
· 66.7 us and 266.7 us
· Hopping is between groups of symbols
· For CP length of  266.7 us, a group is defined as 5 symbols and one CP of length of  266.7 us
· For CP length of 66.7 us, a group is defined as 5 symbols and one CP of length of 66.7 us 
· Details of hopping:
· First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups
· Second level 6-subcarrier hopping is used between 2nd/3rd symbol groups
· Pseudo-random hopping is used between repetitions of groups of 4 symbol groups:
· Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping
· eMTC search space scheme is reused for Msg3 retransmission and Msg4 transmission.
· The following numbers of NB-PRACH repetitions are provided in the specifications:  
· {1, 2, 4, 8, 16, 32, 64, 128}
· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set
· Power ramping:
· If more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level
· Otherwise, the UE uses NB-PRACH power ramping 
· The UL grant for the initial transmission of Msg3 is included in the RAR.
· The same NB-PDCCH search space is applied to NB-PDCCH for RAR, Msg3 retransmission and Msg4.
· DCI in NB-PDCCH indicates the number of repetitions of NB-IoT RAR / Retransmission of Msg3/Msg4
· Note that joint indication of number of repetitions with other DCI contents is not precluded
· Multi-tone Msg3 is supported
· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 
· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection
· A NB-PRACH resource is defined at least by at least time-frequency resource, and possibly (FFS) one of more of:
· NB-PRACH sequence
· NB-PRACH hopping pattern
· Each NB-PRACH resource also has a repetition level configured 
· For at least one number of repetitions of NB-PRACH, multi-tone Msg3 transmission is not allowed by the specifications
· The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used 
· Subcarrier spacing is indicated:
· For Msg3:
· in RAR 
· Subsequent NB-PUSCH transmissions:
· Follow RAR always


In this contribution, we continue to discuss remaining issues on RACH procedure for NB-IoT including RAR transmission for multiple NPRACH, multiplexing NPRACH for different coverage level, resource allocation for Msg3, and preamble design for single-tone PRACH with short CP length. 

2. Discussion
2.1. RAR transmission
Considering DL control overhead for RAR scheduling, it can be considered that multiple MAC RARs for different UEs are transmitted in a single PDSCH transmission. In terms of latency and spectral efficiency, it seems natural that the corresponding NPRACH transmissions start and end in the same subframe for the same coverage level/group. Meanwhile, 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. Currently, RA-RNTI is determined based on frequency and time. Given that frequency tone 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 frequency tone index to transmit RARs among different NPRACH transmission on a single NB-PDSCH. If RA-RNTI depends on frequency tone index, multiplexing of RAR among different NPRACH transmissions becomes difficult. Also, multiple RAR with different RA-RNTI values need to be scheduled at the same RAR window which will increase overall RAR window size, and increase blind detection at UE side. Overall, we consider that the frequency tone 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 frequency tone index of NPRACH transmission.  
Proposal 1: It can be considered to support that multiple MAC RARs can be transmitted on the same NB-PDSCH even though the frequency tone index of NPRACH is different. 

Proposal 2: Frequency or tone index of PRACH transmission is used for PREAMBLE index. PRACH transmissions in the same NB-IoT carrier share the same frequency id for RA-RNTI computation.  

As mentioned earlier, for different NPRACH CE level or group, it would be better to have different NB-PDCCH/NB-PDSCH for RAR transmission. Since NB-IoT will use only 180kHz per carrier, the resources will not be enough to transmit multiple RAR transmission for different NPRACH CE level or group in the same time. To avoid partially or fully overlapping between RAR transmissions with different NPRACH CE level or group, for simplicity, it can be considered that NPRACH resource for each CE level or group is multiplexed in TDM manner rather than FDM manner. In this case, RAR transmission can be distributed in time domain considering its PRACH resource in time domain. Furthermore, considering collision probability of NPRACH transmissions from different UEs, it would be better not to divide frequency resource sets for different coverage level or group. In those points of view, NPRACH resource set for each CE level or group needs to be time-domain multiplexed. 
Proposal 3: For each NPRACH CE level, NPRACH resource set for each CE level or group needs to be TDMed. 

2.2. 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 Msg3 is transmitted by single-tone transmission or multi-tone transmission. 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 selected time-frequency resource set of NPRACH, either single-tone or multi-tone transmission is selected for Msg3. Alternatively, the transmission type of Msg3 can be indicated by UL grant at the expense of the increased overhead. 
Proposal 4: NPRACH resource set (e.g. time-domain resource index and/or frequency tone index) can be selected depending on whether the associated Msg3 is transmitted by single-tone transmission or multi-tone transmission. 

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. If gap is g and the starting subcarrier index is i, then the Msg3 will be transmitted in SF#g*i+k1, where k1 is more than 6 and UL subframe where PUSCH transmission is available. In addition, it can be considered that resource allocation field is used to indicate transmission time as well as frequency resource. 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. 
Proposal 5: Msg3 transmission can be distributed in time domain. The transmission timing of Msg3 can be determined by following factors:
· Extended UL delay field
· Timing gap between Msg3 timing candidates indicated by DCI and subcarrier index of the associated subcarrier index.
· Resource allocation field indicating predefined or high layer signaled scheduling unit.

2.3. Preamble design for NPRACH with short CP length
When CP length is set to 66.7us, symbol length of NPRACH (266.7us) is different with CP length. In this case, CP will be generated by duplicating last 1/4 part of 5th symbol in a symbol group. Therefore, during the single-tone PRACH transmission, phase-continuity will not be guaranteed due to the phase difference between the end of each symbol group and the start of each CP. To maintain phase continuity during the single-tone PRACH transmission, preamble sequence can be used. Sequence can be generated and mapped in a unit of symbol group. In other words, symbol value will be different across different groups, but will be the same within the same group. If subcarrier index of NPRACH is set to k0, k1, k2, k3, …, then the sequence is given by following equation. The detailed derivation of this sequence is described in Appendix A. 

Proposal 6: If CP length is set to 66.7us, group-based preamble sequence can be used to maintain phase continuity during the single-tone PRACH transmission. For 1st symbol group, all the symbols is set to 1, and all the symbols in the i-th symbol group is set to . 

3. Conclusion
In this contribution, we discussed issues related to random access procedure for NB-IoT. The followings summarize our proposals.
Proposal 1: It can be considered to support that multiple MAC RARs can be transmitted on the same NB-PDSCH even though the frequency tone index of NPRACH is different. 

Proposal 2: Frequency or tone index of PRACH transmission is used for PREAMBLE index. PRACH transmissions in the same NB-IoT carrier share the same frequency id for RA-RNTI computation.  

Proposal 3: For each NPRACH CE level, NPRACH resource set for each CE level or group needs to be TDMed. 

Proposal 4: NPRACH resource set (e.g. time-domain resource index and/or frequency tone index) can be selected depending on whether the associated Msg3 is transmitted by single-tone transmission or multi-tone transmission. 

Proposal 5: Msg3 transmission can be distributed in time domain. The transmission timing of Msg3 can be determined by following factors:
· Extended UL delay field
· Timing gap between Msg3 timing candidates indicated by DCI and subcarrier index of the associated subcarrier index.
· Resource allocation field indicating predefined or high layer signaled scheduling unit.

Proposal 6: If CP length is set to 66.7us, group-based preamble sequence can be used to maintain phase continuity during the single-tone PRACH transmission. For 1st symbol group, all the symbols is set to 1, and all the symbols in the i-th symbol group is set to . 

4. Reference
RAN1 Chairman’s note, RAN1#84.

Appendix A
During the single-tone PRACH transmission, the time domain signal associated with the ith symbol group is given by following equation: 

where  is subcarrier index, T is symbol time duration,  is CP time duration (). 

If CP time duration is set to be 1/4 of symbol time duration, the time-domain signal at the starting position of the ith group will be given by 


In the meanwhile, the time-domain signal at the ending position of the i-1th group is . 

For simplicity, symbol value for the 1st symbol group can be set to all one. In this case, to maintain phase-continuity, the next symbol group needs to have  as symbol value. Due to the symbol value, the time-domain single at the ending position of the 2nd symbol group is changed into . Therefore, the symbol value for the 3rd symbol group is given by . Remaining symbol value for other symbol group can be simply calculated with a similar manner. 

