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Introduction
[bookmark: _GoBack]In the RAN1#90 meeting, the following agreement was made on increased PUSCH spectral efficiency [1].
	Agreement:
· Sub-PRB allocation method shall be specified 


[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 sub-PRB allocation for increased PUSCH spectral efficiency for efeMTC. This contribution is revised from R1-1705467 [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. In order to support sub-PRB allocation, the sub-PRB resource indication in one PRB should be added in the DCI format which will be different from the current DCI format 6-0B. Consider backward compatibility with Rel-13/14, Rel-15 MTC UE should support the current DCI format 6-0B. Therefore, Rel-15 MTC UE should know which DCI format should be monitored. It is appropriate for eNB to configure the sub-PRB allocation method by RRC signaling. 
Proposal 1:
· Sub-PRB resource allocation is only applied to CE mode B and is configured by RRC signaling. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]There are two options to indicate the resource of sub-PRB allocation. Option 1 is only number of sub-carriers less than 12 (e.g., 3-subcarrier and 6-subcarrier) can be allocated after the configuration of sub-PRB allocation. Option 2 is number of sub-carriers less than 12 and one/two PRBs of the current format 6-0B can be allocated after the configuration of sub-PRB allocation. Table 1 is an example for option 2. There are 6 bits used to indicate PRB allocation of format 6-0B and sub-PRB allocation except the narrowband indication which is the same as Rel-13/14. 


Table 1
	Value of resource allocation filed
	Allocated resource blocks or subcarriers

	‘000000’
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]0# PRB in the narrowband

	‘000001’
	1# PRB in the narrowband

	‘000010’
	2# PRB in the narrowband

	‘000011’
	3# PRB in the narrowband

	‘000100’
	4# PRB in the narrowband

	‘000101’
	5# PRB in the narrowband

	‘000110’
	0# and 1# PRBs in the narrowband

	‘000111’
	2# and 3# PRB in the narrowband

	‘001000’
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]The first 3-subcarrier in 0# PRB

	…
	…

	‘011111’
	The fourth 3-subcarrier in 5# PRB

	‘100000’
	[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK28][bookmark: OLE_LINK29]The first 6-subcarrier in 0# PRB

	…
	…

	‘101011’
	The second 6-subcarrier in 5# PRB

	Others 
	Reserved



For option 1, after configuration of sub-PRB allocation, if eNB wants to allocate 1 or 2 PRBs for the UE, eNB should configure the UE back to Rel-13/14 by RRC signaling. For option 2, even configured sub-PRB allocation, eNB can still dynamically change the resource allocation between PRB and sub-PRB. Therefore, option 2 is preferred.     
Proposal 2:
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36]Dynamic resource allocation between PRB and sub-PRB should be supported after sub-PRB allocation configured by RRC signaling.
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. So we think further study is needed to support sub-PRB resource allocation for Msg3 and its subsequent PUSCH before RRC connected.  
Proposal 3:
· Whether sub-PRB resource allocation supported for Msg3 transmission needs further study.     

Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· Sub-PRB resource allocation is only applied to CE mode B and is configured by RRC signaling.
Proposal 2:
· Dynamic resource allocation between PRB and sub-PRB should be supported after sub-PRB allocation configured by RRC signaling.
Proposal 3:
· Whether sub-PRB resource allocation supported for Msg3 transmission needs further study.
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