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Introduction
In the RAN1#92 meeting, the following agreement was made on PUSCH sub-PRB allocation [1].
	Agreement
The candidates for FDD are Proposal #1, #2 and #4 for CE mode A and Proposal#1, #2, and #3 for CE mode B and down-select the candidates at RAN1#92bis
· Proposal #1:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms
· Proposal #2:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms
· Proposal #3:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms. 
· Proposal #4:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms
FFS whether the above can be reused for TDD or not 
Agreement
· A maximum of 4 resource units (RUs) is supported in CE mode A
· RU Size of 6 sub-carriers QPSK option = 2 ms
· RU Size of 3 sub-carriers QPSK option = 4 ms


[bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we share our considerations on the remaining issues for PUSCH sub-PRB allocation.

Discussions
2.1 Resource unit
In RAN1#92, it was agreed the resource unit (RU) size is 2 ms for 6 sub-carriers and 4 ms for 3 subcarrier with QPSK option. For 2 of 3 sub-carriers with pi/2 BPSK option, the following 4 proposals were agreed for down-select in RAN1#92bis.  
· Proposal #1:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 8 ms
· Proposal #2:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 6 ms
· Proposal #3:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 16 ms. 
· Proposal #4:RU Size of 2 of 3 sub-carriers pi/2 BPSK option = 4 ms
In principle, the number of REs in one RU is equal to that of one PRB so that the existed PUSCH TBS table can be easily applied to sub-PRB allocation. Therefore, we propose to support proposal 2 for 2 of 3 sub-carriers with pi/2 BPSK option.  
Proposal 1:
· The RU Size is 6 ms for 2 of 3 sub-carriers with pi/2 BPSK option. 
In RAN1#92, it was agreed a maximum of 4 RUs is supported in CE mode A and no agreement was achieved for CE mode B. In the current specification, QPSK and one/two PRBs are applied to PUSCH PRB-level allocation for CE mode B. Regarding pi/2 BPSK applied for 2 of 3 sub-carriers, it is better the maximum of 4 RUs is also supported in CE mode B.
Proposal 2:
· A maximum of 4 RUs is supported in CE mode B. 
2.2 Resource allocation


In RAN1#90bis, it was agreed when the Sub-PRB feature is configured/enabled in connected mode in CE mode B, DCI format 6-0B shall support both sub-PRB allocation and allocation of at least 1 PRB [2]. In the current specification, 2-PRB allocation is supported in CE mode B in addition to 1-PRB allocation. In order to increase the flexible for sub-PRB allocation, it is better to support PRB allocation as in current specification and sub-PRB allocation in the same DCI format, i.e., 1-PRB, 2-PRB, 6-subcarrier, 3-subcarrier and 2 of 3-subcarrier allocations are supported in DCI format 6-0B for CE mode B. In the current DCI format 6-0B, the field of resource block assignment is + 3 bits. In order to support PRB and sub-PRB allocation, the field of resource block assignment should be expended to+ 6 bits. Therefore, there are 64 states which can be used to indicate the resource allocation of 1-PRB, 2-PRB, 6-subcarrier, 3-subcarrier and 2 of 3-subcarrier within a narrowband for CE mode B. The same scheme can be applied to CE mode A.
Proposal 3:
· PRB allocation as in current specification and sub-PRB allocation should be supported in the same DCI format respectively for CE mode A and CE mode B. 
Proposal 4:
· 6 bits can be used to indicate the PRB allocation and sub-PRB allocation within a narrowband for CE mode A and CE mode B. 
2.3 Number of repetitions
In RAN1#90bis the following were agreed:
· For Sub-PRB, the maximum total number of (valid) subframes of transmission is:
· 32 subframes for CE mode A
· 2048 subframes for CE mode B
· FFS: Supported transport block sizes and numbers of repetitions (for each supported CE Mode)
· Sub-PRB rate matching is performed across a resource unit (RU) spanning multiple subframes
· The RU length depends on number of subcarriers in the Sub-PRB allocation
· FFS: RE mapping
· FFS: whether more than one RU is allocated per transport block
And in RAN1#92 the following were agreed:
· RU Size of 6 sub-carriers QPSK option = 2 ms
· RU Size of 3 sub-carriers QPSK option = 4 ms
· The RE mapping of sub-PRB within an RU over PUSCH is performed first within a sub-frame then across sub-frames
· Within a subframe, RE mapping is the same as legacy PUSCH.
· A maximum of 4 resource units (RUs) is supported in CE mode A
With the introduction of resource unit spanning multiple subframes in the time domain and multiple subcarriers in the frequency domain, the framework for sub-PRB resource allocation of PUSCH in efeMTC should be very similar to that of NB-IoT, i.e. DCI indicates the number of RUs () and the number of repetitions (), and the number of (valid) subframes () for the PUSCH transmission is derived by

where  is the size of the RU in subframes. (Legacy eMTC can be viewed as a special case, i.e. .)
For sub-PRB, since it was already agreed that the maximum total number of (valid) subframes of transmission is 32 for CE mode A and 2048 for CE mode B (i.e. same as in legacy eMTC), it is natural that the actual number of (valid) subframes for a PUSCH transmission is also kept (roughly) the same as legacy eMTC. This can be achieved by reusing the set of number of repetitions (i.e.  as described in section 8.0 of TS 36.213) that is referenced to in the “repetition number” field in DCI 6-0A/6-0B in legacy eMTC to derive the “number of repetitions” for a PUSCH transmission, i.e.

where  is indicated in the “repetition number” field in DCI 6-0A/6-0B, and .
And the number of (valid) subframes for a PUSCH transmission is given by

With the above the set  in legacy eMTC can be fully reused, including its RRC configurability, see Table 8-2b and Table 8-2c of TS 36.213.
Proposal 5: 
· For sub-PRB allocation, the number of subframes for a PUSCH transmission is given by

where  is the number of allocated RUs,  is the number of subframes each RU spans, and  is fully reused from the PUSCH repetition levels defined in Rel-13.
2.4 Sub-PRB allocation for Msg3
[bookmark: _GoBack]PUSCH can be used for uplink transmissions before RRC connected and after RRC connected. If sub-PRB allocation is supported for Msg3 and its subsequent PUSCH, UE should let eNB know whether it supports the feature of sub-PRB allocation by Msg1, then eNB can activate this feature by RAR message. This needs some specification efforts.
If only UEs in RRC connected support sub-PRB allocation, eNB can activate this feature by UE-specific RRC signalling. Then the specification efforts will be less than the feature supported for Msg3. However, the transmissions of Msg3 and its subsequent PUSCH before RRC connected cannot enjoy the benefits from sub-PRB allocation. 
In the RAN1#90bis meeting, the following agreements were achieved for early data transmission：
Agreements:
· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from a BL/CE UE using some TBS value(s) from the TBS range specified for BL/CE UEs in Rel-13 with a maximum total TBS of 1000 bits.
· Note: For Msg3 for Rel-13 BL/CE UEs, the maximum total TBS is 712 bits in CE mode A and 328 bits in CE mode B.
· FFS if and how there will also be a larger supported maximum total TBS (than 1000 bits)
· The detailed value(s) should consider the payload size of early data packets from RAN2.
· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant corresponding to Rel-13 Msg3 TBS instead.
In other words, early data transmission in uplink will be support by Msg3. Therefore, it is better to support sub-PRB allocation for Msg3 and its subsequent PUSCH before RRC connected.  
Proposal 6:
· Sub-PRB allocation should be supported for Msg3 transmission.   
  
Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· The RU Size is 6 ms for 2 of 3 sub-carriers with pi/2 BPSK option.
Proposal 2:
· A maximum of 4 RUs is supported in CE mode B. 
Proposal 3:
· PRB allocation as in current specification and sub-PRB allocation should be supported in the same DCI format respectively for CE mode A and CE mode B. 
Proposal 4:
· 6 bits can be used to indicate the PRB allocation and sub-PRB allocation within a narrowband for CE mode A and CE mode B. 
Proposal 5:
· For sub-PRB, the number of subframes for a PUSCH transmission is given by

where  is the number of allocated RUs,  is the number of subframes each RU spans, and  is fully reused from the PUSCH repetition levels defined in Rel-13.
Proposal 6:
· Sub-PRB allocation should be supported for Msg3 transmission.
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