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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In RAN 1#84 meeting, the following agreements were made: 
[bookmark: OLE_LINK5]Agreements:
· DCI content: 
· Scheduling delay between end of NB-PDCCH transmission and start of data transmission:
· 2 bits for NB-PUSCH
· Values are FFS. 

· NPUSCH subcarrier allocations
· 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:
· Two redundancy versions, LTE RV0 and LTE RV2, are supported for NB-PUSCH
· TBS/MCS
· For multi-tone and single-tone,
· RV0 or RV2 is separately indicated by 1 bit DCI. RV2 is supported in all ITBS
· Starting point is to reuse TBS/MCS table for DL
· ITBS is 4 bits indication in DCI
· NPRB is 3 bits indication in DCI. NPRB indicates the number of resource unit   
· For multi-tone, support ITBS equals 0 to at least 10
· For single-tone, support ITBS equals 0 to 10
· For single-tone cases,
Pi/2 BPSK is used for the lowest one ITBS entry or lowest two ITBS entries. Pi/4 QPSK is used in the other ITBS entries

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 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 paper, uplink grant in RAR is discussed. 
Discussion
Uplink grant in RAR is used to schedule a UL transmission on NPUSCH. For initial access, the UL-SCH conveys the RRC Connection Request message. For RRC connection re-establishment procedure, it conveys the RRC Connection Re-establishment Request. RACH procedure can also be triggered by other events such as DL data arrive during RRC_CONNECTED, e.g., UL is non-synchronised, or UL data arrive. Therefore, the TBS for UL transmission scheduled by uplink grant in RAR shall not be restricted to 80 bits. On the other hand, considering eNB doesn’t know which UE transmitted PRACH, high code rate for the UL transmission is not expected. As a result, following LTE design rule, truncated MCS with 3 bits to indicate IMCS = {0,…,7} is enough, which provides a code rate ~0.67 code rate for single-tone and ~0.43 code rate for multi-tone. In addition, the same payload as other NPUSCH for number of resource unit, i.e., 3 bits, could be supported. 

Proposal #1: 3 bits in RAR indicate truncated IMCS ={0,…,7}. 

Proposal #2: 3 bits in RAR indicate NPRB as NPUSCH, which indicates the number of resource unit.  

2 bit were agreed to indicate scheduling delay between the start of NPUSCH and the end of its associated NPDCCH. Same rule can be adopted to indicate the scheduling delay between the starting subframe of NPUSCH and the end of NPDSCH carrying RAR. 

Proposal #3: 2 bits in RAR indicates scheduling delay between the end subframe of NPDSCH carrying RAR and the starting subframe of NPUSCH scheduled by RAR. 

In LTE, 3 bits in RAR are used to indicate TPC command for scheduled NPUSCH. However, whether closed-loop power control is supported or not is still under further study. Considering low cost NB-IoT device, the accuracy of power control may be poorer than LTE device. Therefore, even if closed-loop power control is supported, no more than 2 bits TPC command is used. 

Proposal #4: At most 2 bits are used for TPC command, if closed-loop power control is supported by NB-IoT.
Summary of UL grant in RAR
In addition to the points discussed in section 2, it is agreed that “The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used”, and subcarrier spacing for Msg 3 is indicated in RAR. Table 1 summaries the field of uplink grant in RAR for Msg 3. 
- Subcarrier spacing – 1 bit to indicate 3.75kHz or 15kHz.
- Subcarrier indication – 5 bit for 15kHz and 6 bit for 3.75kHz with same indication in DCI for NPUSCH transmission.
- Resource assignment – 3 bits indicate number of resource unit based on the same TBS table as other NPUSCH.
- Scheduling delay – 2 bits indicate a gap k , where if the end subframe of NPDSCH carrying RAR is n, then the starting subframe of NB-PUSCH carrying Msg 3 is n + k +12. The value of k can apply the same rule as other NPUSCH.  
- Modulation and coding scheme – 3 bits to indicate truncated IMCS = {0,…,7}
- Repetition number for NPUSCH – 3 bits for repetition number of NPUSCH.
[- TPC command for scheduled NPUSCH – 2 bits if closed-loop power control is supported. If closed-loop power control is not supported, the 2 bits are reserved.]
[bookmark: OLE_LINK3][bookmark: _Ref445888199]Proposal #5: Consider adopting the uplink grant design as Table 1 in RAR for NPUSCH transmission carrying Msg 3. 
[bookmark: _Ref445915147]Table 1 Uplink grant in RAR
	Field 
	UL grant for RAR

	Subcarrier spacing
	1 bit

	Frequency resource indication
	5 bit for 15kHz
	6 bit for 3.75kHz

	Number of resource unit
	3 bit 

	Scheduling delay  
	2 bit

	MCS
	3 bit 

	Repetition number for NPUSCH
	3 bit  

	[TPC command for scheduled NPUSCH ]
	[2 bit]

	reserved
	1 bit for 15kHz
	-

	Total 
	20 bit  


[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Conclusion
In this contribution, we discussed uplink grant design in RAR for Msg 3. We proposed: 
Proposal #1: 3 bits in RAR indicate truncated IMCS ={0,…,7}. 
Proposal #2: 3 bits in RAR indicate NPRB as NPUSCH, which indicates the number of resource unit.  
Proposal #3: 2 bits in RAR indicates scheduling delay between the end subframe of NPDSCH carrying RAR and the starting subframe of NPUSCH scheduled by RAR. 
Proposal #4: At most 2 bits are used for TPC command, if closed-loop power control is supported by NB-IoT.
Proposal #5: Consider adopting the uplink grant design as Table 1 in RAR for NPUSCH transmission carrying Msg 3. 
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