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Introduction and proposal
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]RAN1 agreed valid subframe indication for eMTC and we discuss how to identify which resources can be used for eMTC [1]. After identifying valid time/frequency resources for eMTC, it is necessary to consider collision handing, i.e. how to handle when certain resources are not usable. We discuss the handling for larger repetition and small/no repetition separately. Based on the discussion, our proposal can be summarized as following table. 

	
	MPDSCH and
PSS/SSS/PBCH
	MTC SIB1 and PSS/SSS/PBCH
	MPDCCH and
PSS/SSS/PBCH
	MPDSCH/MPDCCH and legacy CSI-RS
	MPDSCH/MPDCCH and MTC SIBs

	Prioritization
	PSS/SSS/PBCH is prioritized
	PSS/SSS/PBCH is prioritized
	PSS/SSS/PBCH is prioritized
	CSI-RS is prioritized.
	MTC SIBs are prioritized.

	CE mode A
	Scheduler avoids collision 
	PRB pair level rate matching to MTC SIB1
	Same as legacy EPDCCH for MPDCCH
	RE level rate matching to MPDSCH/MPDCCH
	Scheduler avoid collision for MPDCCH
Same as legacy EPDCCH for MPDCCH

	CE mode B
	PRB pair level brute force puncturing to MPDSCH.
	
	PRB pair level brute force puncturing to MPDCCH
	RE level brute force puncturing to MPDSCH/MPDCCH
	PRB pair level brute force puncturing to MPDSCH/MPDCCH





Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]
Approaches of collision handling
The collision handling can be categorized by following four alternatives. By having collision handling below, a narrowband can be sometimes less than 6 PRBs.

	PRB pair level brute force puncturing
	- Symbol level combining with cross-subframe channel estimation can be supported.


	PRB pair level rate matching
	- Symbol level combining with cross-subframe channel estimation cannot be supported. Bit-level or LLR combining can be supported. 

	RE level brute force puncturing
	- The number of usable REs can be maximized.
- Symbol level combining with cross-subframe channel estimation can be supported.
- DMRS are blocked by PSS/SSS/PBCH. Then RE with DMRS is also punctured. MTC UE should demodulate PDSCH with partial DMRS. It causes complicated implementation.

	RE level rate matching
	- The number of usable REs can be is maximized. 
- For higher condign rate, it improves the performance.
- Symbol level combining with cross-subframe channel estimation cannot be supported. Bit-level or LLR combining can be supported. 




[bookmark: _GoBack]
Collision handling in downlink
There are collisions between eMTC channel and legacy channel or between different eMTC channels. We discuss each case separately,
The collision handling between MPDSCH and PSS/SSS/PBCH
PSS/SSS/PBCH is prioritized. RE level brute force puncturing or rate matching could be applied for MPDSCH but it requires demodulation with partial DMRS in TM9. This causes complicated channel estimation. PRB pair level or RE level rate matching does not allow symbol level combining with cross-subframe channel estimation. In addition, PBCH repetition for enhanced frequency tracking is agreed. In this case, almost all REs in PRB pairs with PBCH are occupied by PSS/SSS/PBCH. RE level rate matching is meaningless. Therefore for CE mode B, PRB pair level brute force puncturing is suitable. 
For CE mode A, the scheduler would be able to dynamically and flexibly avoid allocating PRBs with legacy channels. So, any special handling is not necessary.
The collision handing between MTC SIBs and PSS/SSS/PBCH
It is special case of the collision handling between MPDSCH and PSS/SSS/PBCH. In this case also PSS/SSS/PBCH is prioritized. 
In MTC SIB1, the symbol level combining is not assumed since RV cycling {0,2,3,1,…} is used for each SIB1bis transmission within a period. Therefore, PRB pair level rate matching is suitable for MTC SIB1. 
For other MTC SIBs, it is depending on whether symbol level combining is assumed or not. We allow UE to have symbol level combining. Then PRB pair level brute force puncturing is suitable as same as other MPDSCH.  Note that symbol combining is used or not is up to UE implementation.
The collision handling between MPDCCH and PSS/SSS/PBCH
In legacy EPDCCH, a UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of PBCH, PSS or SSS in the same subframe. 
For CE mode A, same operation as EPDCCH can be used. 
For CE mode B, PRB pair level brute force puncturing is suitable to support symbol level combining with cross-subframe channel estimation.
The collision handling between MPDSCH/MPDCCH and CSI-RS
CSI-RS doesn’t block DMRS. Therefore, RE level brute force puncturing is suitable for CE mode B to support symbol level combining with cross-subframe channel estimation. 
For CE mode A, in some cases symbol level combing with cross subframe channel estimation would not be required.  Higher coding rate is required, which means brute force puncturing degrade the performance. Therefore, RE level rate matching should be used for CSI-RS for CE mode A.
The collision handing between MPDSCH/MPDCCH and MTC SIBs
For CE mode B, PRB pair level brute force puncturing is applied as similar as PSS/SSS/PBCH.
For CE mode A MTC UE, the same collision handling mechanism with PSS/SSS/PBCH is applied.
For MPDSCH, the scheduler would be able to dynamically and flexibly avoid to allocate PRBs with MTC SIB1. So, any special handling is not necessary. For MPDCCH, same operation as collision between EPDCCH and PSS/SSS/PBCH can be used.
Above discussion can be summarized as Table 1
[bookmark: _Ref426019982]Table 1. Collision handling among DL channels
	
	MPDSCH and
PSS/SSS/PBCH
	MTC SIB1 and PSS/SSS/PBCH
	MPDCCH and
PSS/SSS/PBCH
	MPDSCH/MPDCCH and legacy CSI-RS
	MPDSCH/MPDCCH and MTC SIBs

	Prioritization
	PSS/SSS/PBCH is prioritized
	PSS/SSS/PBCH is prioritized
	PSS/SSS/PBCH is prioritized
	CSI-RS is prioritized.

	MTC SIBs are prioritized.


	CE mode A
	Scheduler avoids collision 
	PRB pair level rate matching to MTC SIB1
	Same as legacy EPDCCH for MPDCCH
	RE level rate matching to MPDSCH/MPDCCH
	Scheduler avoid collision for MPDCCH
Same as legacy EPDCCH for MPDCCH

	CE mode B
	PRB pair level brute force puncturing to MPDSCH.
	
	PRB pair level brute force puncturing to MPDCCH
	RE level brute force puncturing to MPDSCH/MPDCCH
	PRB pair level brute force puncturing to MPDSCH/MPDCCH
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