[bookmark: OLE_LINK3][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #91 	R1-1720609
Reno, USA, November 27th – December 1st, 2017

[bookmark: _Ref133120545]Source:	Sharp
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK9]Title:	Remaining issues for sub-PRB allocation  
Agenda Item:	6.2.5.6
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In the RAN1#90bis meeting, the following agreement was made on increased PUSCH spectral efficiency [1].
	Agreement:
· Sub-PRB shall be supported at least in CE Mode B
· Working assumption: Sub-PRB shall be supported in CE Mode A.
· RAN1 will prioritize optimization of Sub-PRB for CE Mode B over optimization of Sub-PRB for CE Mode A.
· 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
· For Sub-PRB, increasing DMRS shall not be supported
· For Sub-PRB allocation in connected mode,
· The Sub-PRB feature is configured/enabled by RRC signaling
· The Sub-PRB resource allocation shall be signaled by DCI
· FFS: Support of Sub-PRB allocation in Msg3
· 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.
· Sub-PRB allocation shall support a maximum TBS of at least [504] bits.


[bookmark: OLE_LINK8][bookmark: OLE_LINK10][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK11][bookmark: OLE_LINK16]In this contribution, we share our considerations on the remaining issues for sub-PRB allocation. This contribution is revised from R1-1717215 [2].
Discussions
In Rel-13/14, the minimum resource allocation is one PRB for MTC PUSCH. When UEs in larger coverage enhancement, the maximum transmission power is used for PUSCH which is limited by regulation. So it is hard to improve the power spectral density. However, sub-PRB allocation is effective for increased PUSCH spectral efficiency by improving the power spectral density for UE with large enhanced coverage. So this feature is well applied to UE in CE mode B. 
Proposal 1:
· Sub-PRB resource allocation is only applied to CE mode B. 







[bookmark: OLE_LINK12]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. And it was also agreed sub-PRB rate matching is performed across a resource unit (RU) spanning multiple subframes, which is the same as that of NB-IoT. In Rel-13/14, the repetition number of PUSCH for MTC indicates the number of subframes used for PUSCH transmission, while the repetition number of NPUSCH for NB-IoT indicates the number of (*) used for NPUSCH transmission. For the legacy MTC PRB allocation, it is better to support the repetition number indication based on subframes. While for sub-PRB allocation, it is better to support the repetition number indication based on (*). Therefore, we propose the repetition number filed in DCI format 6-0B is explained based on the resource allocation for MTC PUSCH. If the resource allocation is at least 1 PRB, the repetition number indication is based on subframes. While if the resource allocation is less than 1 PRB, the repetition number indication is based on (*).   
Proposal 2:
· The repetition number filed in DCI format 6-0B is explained based on the resource allocation for MTC PUSCH. 

PUSCH can be used for uplink transmissions before RRC connected and after RRC connected. If sub-PRB resource allocation is supported for Msg3 and its subsequent PUSCH, UE should let eNB know whether it supports the feature of sub-PRB resource 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 resource allocation, eNB can activate this feature by UE-specific RRC signaling. 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 resource allocation. 
In addition, 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 resource allocation for Msg3 and its subsequent PUSCH before RRC connected.  
Proposal 3:
· Sub-PRB resource allocation for Msg3 transmission should be supported.     

Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· Sub-PRB resource allocation is only applied to CE mode B.
Proposal 2:
· The repetition number filed in DCI format 6-0B is explained based on the resource allocation for MTC PUSCH.
Proposal 3:
· Sub-PRB resource allocation for Msg3 transmission should be supported.
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