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In RAN meeting #77, the revision on WID of even further enhance MTC for LTE were made, as following
Improved spectral efficiency:
· Introduce capability signaling for support for CRS muting outside BL UE narrowband/wideband [RAN1 lead, RAN2, RAN4]
· Enable BL UE to optionally indicate that it does not rely on CRS outside its narrowband/wideband +/- X PRBs, where X is determined by RAN1 and RAN4.
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
· Introduce support for more flexible starting PRB for PDSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PDSCH channel bandwidth.
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.
· Introduce support for more flexible starting PRB for PUSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PUSCH channel bandwidth.
This contribution analyzes the design for flexible PDSCH/PUSCH starting PRB. 
2. Flexible starting PRB for PDSCH/PUSCH
	Solution
	Support
	Notes

	Solution #1:
Introduce a new resource allocation type:
At least for 1.4MHz, the starting PRB can start from any PBR of the system BW. 
	Ericsson [1]
	In CEModeA, additional 0~1 bits compared with Rel-14 RA for BL/CE UE. [1]
In CEModeB for PUSCH, additional 1 bit compared with Rel-14 RA for BL/CE UE. [1]
In CEModeB for PDSCH, additional 1~2 bits compared with Rel-14 RA for BL/CE UE. [1][2]
Whether and how to update the hopping offset is FFS. [6]

	Solution #2:
Use the unused status in DCI format 6-0A/6-1A to extend RA. 
FFS for CEmodeB
	ZTE, SaneChips [2]
Qc [6]
[bookmark: _GoBack]Nokia, NSB[7]

	11 additional states [2]
Compatible with legacy NB hopping. [6]
No clear solution for CEModeB. [6]

	Solution #3a:
Introduce 1 bit in RRC to indicate shift of narrow band to align with RBG.
Solution #3b:
Introduce 1 bit in DCI to indicate shift of narrow band to align with RBG.
	Huawei, HiSilicon [3]
Samsung [4]
Sony [5]
	If it(narrowband) is shifted for 1 or 2 PRBs toward the low or high PRB index direction, then alignment is achieved. [3]
The starting PRB shifting rule for allocated NB should depend on LTE bandwidth, and can be different for different NB index even under the same LTE system bandwidth. [4]
1-bit is sufficient to indicate the shift to align the RBG. [4]


	Solution #4:
Introduce invalid RB(s) indication to the MTC-UE so that at least an RBG can be allocated to the LTE UE.
	Sony [5]
	Introduce additional repetitions operation for MTC UE to compensate the invalid RB resource(s). [5]
This solution can be as a complement to solution #3 when the shift of narrow band still leads to a partial overlap between an RBG and a NB (e.g. the case of RBG with 4 PRBs). [5]
Support RRC signalling from eNB to MTC UE to assist UE implementation specific operation in order to maintain UE performance in the presence of invalid RB(s).[5]


 
Possible proposal:
· FFS on the above solutions. 
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3. Other issues:
For coexist  of eMTC and NB-IoT inband deployment, one PRB in MTC narrowband may be occupied by NB-IoT. In order to improve the resource utilization, in [5], it was proposed:
· Support indication to MTC UEs of NB-IoT carriers that are active in MTC narrowbands. The detailed operation is for further study (FFS).
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