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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. 

	
	MPUSCH/MPUCCH and D2D channel/legacy PRACH
	MPUSCH and eMTC PRACH
	MPUSCH and legacy PUCCH/ MPUCCH


	CE mode A
	Scheduler avoid collision
	eMTC PRACH prioritized.
Scheduler avoid collision
	Scheduler avoid collision

	CE mode B
	PRB pair level brute force puncturing for MPUSCH/MPUCCH
	eMTC PRACH prioritized.
PRB pair level brute force puncturing for MPUSCH.
	PRB pair level brute force puncturing  with MTC SIB1 indication
Scheduler avoid collision without MTC SIB1 indication



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. 



Collision handling in uplink
There are collisions between eMTC channel and legacy channel or between different eMTC channels. We discuss each case separately,
The collision handling between MPUSCH/MPUCCH and D2D channel
As indicated in [1], in legacy UEs, as it is no large repetition (except shorter bundling like 4 retransmissions), the collision handling between legacy UEs and D2D resource is managed by the eNB scheduler. Now, for eMTC, especially for mode B, to avoid the collision by only the scheduler is complex and usable narrowbands is significantly reduced when eMTC and D2D co-exists in the same cell. Although there is a mode that the D2D resource usage is scheduled by eNB, where collision handling could be possible by eNB, the mode that the D2D resource usage is by UE autonomously is impossible for eNB scheduler to have collision handling between D2D and eMTC. Therefore we propose D2D resource pool signalling is reused to indicate invalid frequency resource of eMTC in uplink for the protection of D2D. In order to allow symbol level combining with cross-subframe channel estimation, PRB pair level brute force puncturing is desirable. 
For CE mode A , the scheduler can dynamically and flexibly avoid to allocate PRBs with D2D channels. So, any special handling is not necessary as similar as collision handling PDSCH and PSS/SSS/PBCH.
The collision handling between MPUSCH/MPUCCH and legacy PRACH
PRACH channel especially contention based one would be used by RRC_IDLE or RRC_CONNECTED UEs for random access or resource request, its allocation cannot be managed by eNB. So similar as the handling to D2D, PRB pair level brute force puncturing could be used for CE mode B. 
For CE mode A , the scheduler can dynamically and flexibly avoid to allocate PRBs with legacy PRACH channels. So, any special handling is not necessary as similar as collision handling PDSCH and PSS/SSS/PBCH.
The collision handling between MPUCCH/MPUSCH and eMTC PRACH
In order to allow symbol level combining with cross-subframe channel estimation, PRB pair level brute force puncturing is proposed. When allocation of MPUSCH/MPUCCH is only one PRB in a subframe and it collides with eMTC PRACH, MPUSCH/MPUCCH transmission is postponed to next valid subframe.
For CE mode A, the scheduler can dynamically and flexibly avoid to allocate PRBs with eMTC PRACH. So, any special handling is not necessary as similar as collision handling PDSCH and PSS/SSS/PBCH.
The collision handling between MPUSCH and legacy PUCCH/ MPUCCH
The edges of the uplink system bandwidth PRBs would be used for PUCCH of legacy and Rel.13 MTC UEs in all or almost all subframes. The PUCCH region is indicated by pusch-HoppingOffset (SIB2) for legacy UE. For MTC UE, whether legacy and MTC PUCCH region is indicated by MTC SIB is not decided.  If it is indicated by MTC SIB1, the same collision handing mechanism between MPUSCH and PRACH can be usable. If PUCCH region is not indicated by MTC SIB1, scheduler should avoid collision even in CE mode B. Which resource is prioritized is scheduling matter.  In order to avoid collision between MPUSCH and PUCCH, we discussed resource allocation scheme in another contribution [2].
Above discussion can be summarized as table 1
[bookmark: _Ref430343467]Table 1. Collision handling among UL channels
	
	MPUSCH/MPUCCH and D2D channel/legacy PRACH
	MPUSCH and eMTC PRACH
	MPUSCH and legacy PUCCH/ MPUCCH


	CE mode A
	Scheduler avoid collision
	eMTC PRACH prioritized.
Scheduler avoid collision
	Scheduler avoid collision

	CE mode B
	PRB pair level brute force puncturing for MPUSCH/MPUCCH
	eMTC PRACH prioritized.
PRB pair level brute force puncturing for MPUSCH.
	PRB pair level brute force puncturing  with MTC SIB1 indication
Scheduler avoid collision without MTC SIB1 indication
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