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1. Introduction
The following next steps were proposed at RAN1#68bis:

· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals

· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

These issues are addressed in this contribution.
2. Discussion
In this discussion we make a number of assumptions which are discussed below:-

· A Release 11 UE may be configured to receive ePDCCH from the Pcell and/or one or more Scells in carrier aggregation
· A UE might be configured to receive ePDCCH from a neighbouring cell in CoMP (not yet agreed for Release 11)

· If the UE is configured to receive ePDCCH from an Scell or a neighbouring cell any necessary cell specific information can be provided at the same time (e.g. CRS, frame timing) 

· The options considered here for handling signals colliding with ePDCCH, in terms of mapping ePDCCH to REs are as follows:

· Mapping or ePDCCH REs to avoid colliding signals

· Puncturing of ePDCCH REs by colliding signals: The mapping is not changed, but the contents of ePDCCH REs are replaced by the colliding signal
· Two further options for handling colliding signals may be considered:
· Puncturing or dropping of the colliding signal. There seems to be no cases where colliding signals would have lower priority than ePDCCH, so this case is not considered further.

· Dropping of ePDCCH: This would be appropriate if the loss in performance or complexity of using other approaches is too great for ePDCCH to be useful.
· If ePDCCH resource mapping is modified according to the presence of colliding signals, then the following options may be considered:

· The size of eCCE is fixed, independently of the number of REs available. This would typically result in a significant number of wasted REs and the complexity of handling a variable number of eCCEs per PRB pair
· The number eCCEs per PRB pair is fixed. Therefore the size of an eCCE depends on the presence of colliding signals, and may differ between eCCEs. Rate matching is applied in the ePDCCH coding chain.
· If the locations of colliding signals are known at the receiver, demodulation performance of coded transmissions such as ePDCCH is better with mapping around colliding REs rather than puncturing.

· If the locations of colliding signals are unknown at the receiver, demodulation performance of coded transmissions such as ePDCCH is likely to better with puncturing at the colliding REs rather than adjusting the mapping (since the mapping may be incorrect).

· If the locations of colliding signals are uncertain, among a limited number of options, different mappings could be applied if it is acceptable to perform additional blind decodings at the receiver to detect which mapping has been used. However, for ePDCCH the blind decoding load is a significant concern, so we do not consider this possibility further.
· In order minimize problems in multiplexing DCI messages for multiple UEs, all UEs in a cell should be able to assume the same mapping of ePDDCH to REs. Therefore:-

· Different mapping/rate matching can be applied if the REs occupied by a colliding signal are reliably known to all UEs in a cell

· Puncturing should be applied if the REs occupied by a colliding signal are not reliably known to all UEs in a cell

· For simplicity it is desirable that the same solution is adopted for all cases involving a given colliding signal
· Possibilities for future Releases, such a “stand alone new carrier type” are not considered here.

Considering the above assumptions, it is important to identify which potentially colliding signals have locations which are reliably known to all UEs. An evaluation of this aspect for different cases is given in Table 1. 
	
	Are occupied REs reliably known to all UEs receiving ePDCCH from a given serving cell?
	

	Signal
	Pcell
	Rel 10 Scell
	New carrier Scell
	Neighbouring cell (e.g. configured for CoMP)
	Comments

	CRS
	Yes
	Yes
	Yes
	Yes
	Known from cell ID (from PSS/SSS) and number of CRS ports (from detection of PBCH) or for Scell/neighbour cell by RRC configuration. Assumed to be fixed or change infrequently

	Legacy control region (PDCCH/PCFICH/PHICH)
	Yes
	Yes
	N/A
	Yes
	Known from PCFICH  for Pcell, or RRC configuration for Scell/neighbour cell. 

	PSS/SSS
	Yes
	Yes
	Yes
	Yes
	Known from cell detection or frame timing

	PBCH
	Yes
	Yes
	N/A
	Yes
	Known from frame timing

	PRS
	No
	No
	No
	No
	Not all UEs are configured with PRS locations. PRS configuration may change. UE configuration status may be uncertain.

	CSI-RS
	No
	No
	No
	No
	Not all UEs are configured with CSI-RS locations. CSI-RS configurations may change. UE configuration status may be uncertain.

	DM-RS 
	Yes
	Yes
	Yes
	Yes
	Number of DMRS REs for ePDCCH will either fixed in specification or part of the ePDCCH configuration


Table 1: UE knowledge of signals potentially colliding with ePDCCH
We note that there may not be complete agreement on the contents of Table 1. For example, the length of the legacy control region in Scell/neighbour cell may be dynamic and may not always need to match the signaled RRC configuration (e.g. with cross carriers scheduling). However, if the length of the legacy control region is not known correctly by the UE, it will be difficult to use the resources of that cell effectively. For example reception of PDSCH is difficult with an incorrect assumption about the control region. Therefore we assume that for purposes of ePDDCH design, the length of the legacy control region is assumed to always be reliably known to all UEs receiving ePDCCH from a given cell.
In general in RAN1 reaches a consensus different from the proposed contents of Table 1, then the conclusions presented here can be modified accordingly. 
To consider the case of PSS/SSS and PBCH collisions, we note the following from 36.213:-
· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10, 11, 12, 13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of either PBCH or primary or secondary synchronisation signals in the same subframe;

Since ePDCCH, like some cases of PDSCH, would use antenna ports 7 to 10, the feasibility of reception of ePDCCH in collision with PSS/SSS and PBCH needs more consideration. 

In the case of a collision with PSS/SSS, 24 REs per subframe would be lost to ePDCCH, including 50% of the REs allocated for DMRS. However, operation of ePDCCH may still be possible. 

In the case of collision with PBCH, around 48 additional REs would be lost to ePDCCH, as well as REs lost due to PSS/SSS, which normally occurs in the same subrame.
It seems that allowing collision of ePDCCH with PSS/SSS and PBCH together would significantly reduce the proportion of the available REs, and lead to a significant loss in ePDCCH performance.  Dropping ePDCCH seems the best solution. However, operation of ePDCCH in the presence of PSS/SSS without PBCH (such as with the new carrier type) may be considered further. 
Therefore we propose the following:
Proposal 1: A UE is not expected to receive ePDCCH if it collides with PBCH 
Proposal 2: It is FFS whether a UE is expected to receive ePDCCH if it collides with PSS/SSS

Currently our slight preference, on the basis of simplicity, would be not to support ePDCCH in the same PRB pair as PSS/SSS

Having a fixed size for an eCCE and therefore requiring a variable number of eCCEs per PRB pair would lead to wasted resources and additional complexity. Therefore we propose the following:  
Proposal 3: The number of eCCEs per PRB pair is fixed, independently of the presence of colliding signals. Corresponding rate matching is applied in the ePDCCH coding chain to handle the variable size of an eCCE.
Proposal 4: Mapping of ePDCCH is applied around REs occupied by signals colliding with ePDCCH which are reliably known to all UEs in a cell (i.e. CRS, legacy control region, PSS/SSS (if supported), DM-RS).  
Here we assume that none of the REs in the legacy control region would be available to ePDCCH, even if not actually occupied by legacy control signals.    

Proposal 5: Puncturing of ePDCCH is applied in REs occupied by signals colliding with ePDCCH which are not reliably known to all UEs in a cell (i.e. PRS, CSI-RS).  
We also note that transmit diversity based on SFBC or FSTD+SFBC may be supported. In this case some REs may be considered as “orphan REs” i.e. not part of an SFBC code block because they have too large a separation in the frequency from other RE(s) which would otherwise be suitable for inclusion in the code block. Appropriate mapping would then be applied in order to avoid the use of resources in orphan REs. We assume that orphan REs could be created by the requirement of mapping around CRS, legacy control region, PSS/SSS, or DM-RS, when present, but not for PRS or CSI-RS (for which puncturing would be applied).
Proposal 6: If SFBC or FSTD+SFBBC are supported, “orphan REs” may be created by mapping around colliding signals, but not by puncturing.   
3. Conclusions
The above discussion considered the following possibilities for handling colliding signals:

· Mapping of ePDCCH REs to avoid colliding signals where:

· The size of eCCE is fixed, or:

· The number eCCEs per PRB pair is fixed
· Puncturing of ePDCCH REs by colliding signals

· Dropping of ePDCCH

The following proposals are made, which could be captured in the specification as assumptions to be made by the UE when receiving ePDCCH:
Proposal 1: A UE is not expected to receive ePDCCH if it collides with PBCH 
Proposal 2: It is FFS whether a UE is expected to receive ePDCCH if it collides with PSS/SSS

Proposal 3: The number of eCCEs per PRB pair is fixed, independently of the presence of colliding signals. Corresponding rate matching is applied in the ePDCCH coding chain to handle the variable size of an eCCE.
Proposal 4: Mapping of ePDCCH is applied around REs occupied by signals colliding with ePDCCH which are reliably known to all UEs in a cell (i.e. CRS, legacy control region, PSS/SSS (if supported), DM-RS).  
Proposal 5: Puncturing of ePDCCH is applied in REs occupied by signals colliding with ePDCCH which are not reliably known to all UEs in a cell (i.e. PRS, CSI-RS).  
Proposal 6: If SFBC or FSTD+SFBBC are supported, “orphan REs” may be created by mapping around colliding signals, but not by puncturing.   
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