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1 Introduction
In RAN1#72 in Malta, handling of EPDCCH and PRS collision was treated [1]. As this proposal could not be agreed straight away, Mr Chairman requested to come up an agreeable revision. Later in the week, a joint proposal was provided [2] in which several solutions and recommendation were proposed and Mr Chairman invited interested companies to check them, and after that an intensive offline discussion was made on RAN1 email reflector.
Through email discussion, there seemed some consensus that a solution needs to be captured into specification in order to avoid unnecessary UE complexity among interested companies. However no consensus was made how to capture it.
In this contribution, we discuss the topics which companies have different view and provide our observations and proposals.
2 Discussion
Transmission of an EPDCCH in PRS subframes (if supported) could be divided into eight cases as depicted in Figure 2-1. These eight cases come from the combination of following options:
· Whether CP length used for PRS and EPDCCH are different or the same

· Whether EPDCCH transmission overlaps PRS BW or not

· Whether PRS is muted or not
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Figure 2-1 Cases of transmission of an EPDCCH in a PRS occasion

Regarding PRS BW, which may or may not occupy system BW as depicted in Figure 2-2, we consider it can be handled within the second bullet above so it is not treated differently in this contribution.
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Figure 2-2 PRS BW
Discussion on these eight cases is provided in the following subsections.
2.1 Handling of muted PRS occasion

PRS can be muted in PRS subframes with signaling of “PRS Muting Configuration” to the UE, optionally included in PRS-Info IE of LPP [3] (which is different from RRC). In this contribution, PRS subframe where PRS transmission is muted is called as “muting subframe”. Muting subframe was introduced to improve hear-ability of other cells for better accuracy of OTDOA positioning, i.e. muted PRS BW may be used for a UE to receive PRS of other cells in muting subframes of a cell.

If we assume one case that a UE were configured by E-SMLC to receive PRS with extended CP length of other cell in muting subframe of the serving cell and configured by eNB to monitor EPDCCH with normal CP length in the same muting subframe, this is Mixed CP Case discussed in 2.2 and same problem discussed in subsection 2.2 would happen. Note that it is also assumed that PRS is only configured in MBSFN subframe in the serving cell and the other cell.
If we assume another case that a UE were configured by E-SMLC to receive PRS of other cell in muting subframe of the serving cell and configured by eNB to monitor EPDCCH with same CP length as used for PRS transmission of other cell in the same muting subframe, this case is same as same CP case discussed in 2.3 and same handling would be possible.

In addition, eNB does not know if the UE is receiving PRS of other cells in muting subframe of the serving cell because configuration of PRS reception to the UE is transparent to eNB.

Observation:

eNB may not assume that there is no collision of PRS and EPDCCH in PRS BW in muting subframe of its serving cell. Therefore it seems eNB needs to treat muting subframe as if there were PRS transmission.
Proposal 1:

Muted PRS should be handled as if PRS were transmitted. Cases (c), (d), (g), (h) in Figure 2-1 should be handled same as cases (a), (b), (e), (f).
2.2 Mixed CP Case: case (a), (b)
If PRS is configured only in MBSFN subframes and CP length used for DL transmission in subframe#0 is normal CP length, the CP length used for PRS transmission is always extended CP length while CP length used for EPDCCH transmission is normal CP length. If EPDCCH is configured to be monitor in PRS occasions, this case is called as mixed CP case since the CP length used for PRS transmission and EPDCCH transmission is different within the same subframe.
Mixed CP case was identified as problematic in offline discussion in last year, and if nothing is specified, UE may have to decode both PRS and EPDCCH with different CP length in the same MBSFN subframe, if UE is aware of PRS.
Proposal 2:

Agree that both case (a) and (b) in Figure 2-1 are problematic and UE is not expected to decode EPDCCH in both cases, if the UE is aware of PRS.

2.3 Same CP Case: case (e), (f)
Except the case described in section 2.2, CP length used for PRS transmission and EPDCCH transmission are always the same. For this case, there were a bit divergent opinions in which case EPDCCH transmission is supported in a PRS subframe among interested companies during the last e-mail discussion.
Alt.1: EPDCCH can be transmitted within PRS subframes irrespective of whether EPDCCH overlaps with PRS BW ( both case (e) and (f) are supported.
Alt.2: EPDCCH can be transmitted only if it would not overlap with PRS BW within PRS subframes ( only case (e) is supported.
Alt.3: EPDCCH is not supported in any PRS subframes even in same CP case ( neither case (e) nor (f) is supported.
Observation on Alt. 1:
Alt.1 is based on analogy to PDSCH transmission in PRS subframes in which PDSCH transmission within PRS BW is supported based on the following specification:
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Other cases are unspecified so PDSCH reception within PRS BW in PRS subframes would be left for UE implementation and it is left scheduler to avoid the collision of PDSCH and PRS transmission.
If we understand correctly, the motivation why PDSCH transmission overlapping with PRS is supported is to prioritize the transmission of system information/paging in narrow system bandwidth. For narrow system bandwidth, collision between PRS and system information/paging cannot be avoided. So support of PDSCH carrying critical system information and paging over PRS is an essential feature.
On the other hand, in Rel-11 common search space is not supported for EPDCCH. Therefore EPDCCH cannot convey DCI for system information/paging which is only mapped on common search space. In our view, EPDCCH transmission over PRS seems not essential.
Another aspect to be considered is reference signal collision with PRS. As PRS pattern is specified not mapped to OFDM symbol transmitting CRS, there is no collision between PRS and CRS if PDSCH. So from channel estimation point of view, there is no problem for CRS based transmission schemes. On the other hand, there is a collision of DM-RS (port 7 – 14) with PRS. So it seems EPDCCH transmission is not supported automatically by current specification. In order to support EPDCCH (and also DM-RS based PDSCH) transmission overlapping with PRS, a new rule like above seems necessary.
Observation on Alt. 2:
No harm is identified in transmission/reception of EPDCCH in Alt. 2. In this alternative, EPDCCH candidates which overlap with PRS BW do not need to be monitored.
Observation on Alt.3:
Motivation of Alt. 3 would be simplicity as PRS subframes occur infrequently, namely {160ms, 320ms, 640ms, 1280ms}. In case PRS BW does not occupy the system BW, some remaining resource out of PRS BW is wasted in this alternative, though it happens infrequent. If PRS BW occupies system BW, no resource would be wasted.
Proposal 3:

Agree on Alt. 2, which is same proposal in [2].

2.4 Discussion on avoidance of collision between PRS and EPDCCH with RRC signaling
In RAN1#70, signaling of EPDCCH subframe pattern was agreed to prioritize eICIC aspect while avoiding PRS occasion was deprioritized as its periodicity is very long.
EPDCCH subframe pattern (RRC: epdcch-SubframePattern-r11) reuses CSI subframe pattern (RRC: MeasSubframePattern-r10). Therefore, the periodicity of EPDCCH subframe pattern is 40ms for FDD, 20ms, 60ms or 70ms for TDD while periodicity of PRS occasion is {160ms, 320ms, 640ms, 1280ms}.
It is possible to avoid collision of PRS occasions and EPDCCH monitoring subframes by setting the bits to ‘0’, which correspond to PRS occasions.
As EPDCCH subframe patterns of 20ms and 40ms have much shorter periodicity than PRS periodicity, the pattern is repeated several times within a PRS period. Bit ‘0’ occurs every 20ms or 40ms for one PRS subframe.
For EPDCCH subframe patterns of 60ms and 70ms, as they are not common factors of PRS periodicity, multiple bits have to be set to ‘0’ for one PRS subframe to avoid collision of PRS subframe and EPDCCH. Different bit of EPDCCH pattern corresponds to PRS occasion of different timing as depicted in Figure 2.4-1. For 60ms pattern, 3 bits need to be set to ‘0’ for one PRS subframe. For 70ms pattern, 7 bits need to be set to ‘0’ for one PRS subframe. Consequently, occurrence of bit ‘0’ is every 20ms for 60ms pattern, and 10ms for 70ms pattern. These are summarized in Table.1 (same Table as in [1]).
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Figure 2.4-1 PRS occasions and corresponding EPDCCH pattern

Table.1: 
	
	UL/DL configuration
	EPDCCH subframe pattern
	PRS occasions
	Note
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	40 bits (40ms)
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	20 bits (20ms)
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	Only subframe #9 may be MBSFN subframe

	
	0
	70 bits (70ms)
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	MBSFN subframe is not supported.


Ratios of subframes that are not available for EPDCCH to PRS occasion are summarized in Table 2 (a) to (h) for FDD and TDD UL/DL subframe configurations 0 to 6 if RRC signaling of epdcch-SubframePattern is used for avoiding collision of PRS and EPDCCH. 
Observation:

Ratio of PRS occasion is small enough while ratio of subframes which is not available for EPDCCH monitoring is much higher than PRS occasions.
Observation:

If collision of PRS and EPDCCH needs to be avoided by signaling, EPDCCH may not be utilized in much more subframes than PRS occasions. Especially, it is worse in TDD.

Proposal 4:

RAN1 to define a new rule to avoid collision between PRS and EPDCCH since it is inefficient to avoid the collision with signaling.
Table.2:
(a) FDD (10 DL subframes per radio frame)
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(b) TDD: UL/DL subframe configuration 0 (2 DL subframes per radio frame)
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(c) TDD: UL/DL subframe configuration 1 (4 DL subframes per radio frame)
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(d) TDD: UL/DL subframe configuration 2 (6 DL subframes per radio frame)
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(e) TDD: UL/DL subframe configuration 3 (6 DL subframes per radio frame)
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(f) TDD: UL/DL subframe configuration 4 (7 DL subframes per radio frame)
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(g) TDD: UL/DL subframe configuration 5 (8 DL subframes per radio frame)
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(h) TDD: UL/DL subframe configuration 6 (3 DL subframes per radio frame)
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3 Conclusion

In this contribution, we identified the points need to be discussed and provided our observations and proposals as follows:
Proposal 1:

Muted PRS should be handled as if PRS were transmitted.
Proposal 2:

Agree that collision of PRS and EPDCCH in mixed CP case (both case (a) and (b) in Figure 2-1) are problematic from UE complexity point of view and UE is not expected to decode EPDCCH in the both cases, if the UE is aware of PRS.

Proposal 3:

Agree on EPDCCH transmission overlapping with PRS BW is not supported but EPDCCH transmission not overlapping with PRS BW is supported in PRS subframes (Alt. 2), which is same proposal in [2].

Proposal 4:

RAN1 to define new rule to avoid collision between PRS and EPDCCH since it is inefficient to avoid the collision with RRC signaling epdcch-SubframePattern.
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5 Annex A.

5.1 LPPa

There is only I/F specified for eNB to inform E-SMLC with its PRS configuration. So an eNB does not know PRS configuration of neighboring cells but knows only its own PRS configuration.
“TS36.455 Ver.11.2.0”
9.1.1.8
OTDOA INFORMATION RESPONSE

This message is sent by eNB to provide OTDOA information.

Direction: eNB (  E-SMLC.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	LPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	OTDOA Cells
	
	1 .. <maxCellineNB>
	
	Served cells that broadcast PRS
	GLOBAL
	ignore

	>OTDOA Cell Information
	M
	
	9.2.7
	
	-
	-

	Criticality Diagnostics
	O
	
	9.2.2
	
	YES
	ignore


9.2.7
OTDOA Cell Information

This IE contains OTDOA information of a cell.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	OTDOA Cell Information
	
	1 .. <maxnoOTDOAtypes>
	
	

	>CHOICE OTDOA Cell Information Item
	M
	
	
	

	>>PCI
	M
	
	INTEGER (0..503, …)
	Physical Cell ID

	>>Cell ID
	M
	
	ECGI

9.2.6
	

	>>TAC
	M
	
	OCTET STRING(2)
	Tracking Area Code

	>>EARFCN
	M
	
	INTEGER (0..65535, ..., 65536..262143)
	Corresponds to NDL for FDD and NDL/UL for TDD in ref. TS 36.104 [5]

	>>PRS Bandwidth
	M
	
	ENUMERATED (bw6, bw15, bw25, bw50, bw75, bw100, ...)
	Transmission bandwidth of PRS

	>>PRS Configuration Index
	M
	
	INTEGER (0..4095, ...)
	PRS Configuration Index, ref TS 36.211 [6]

	>>CP Length
	M
	
	ENUMERATED (Normal, Extended,...)
	Cyclic prefix length of the PRS

	>>Number of DL Frames
	M
	
	ENUMERATED (sf1, sf2, sf4, sf6,…) 
	Number of consecutive downlink subframes NPRS with PRS, ref TS 36.211 [6]

	>>Number of Antenna Ports
	M
	
	ENUMERATED(n1-or-n2, n4,…)
	Number of used antenna ports, where n1-or-n2 corresponds to 1 or 2 ports, n4 corresponds to 4 ports

	>>SFN Initialisation Time
	M
	
	BIT STRING (64)
	Time in seconds relative to 00:00:00 on 1 January  1900 (calculated as continuous time without leap seconds and traceable to a common time reference) where binary encoding of the integer part is in the first 32 bits and binary encoding of the fraction part in the last 32 bits. The fraction part is expressed with a granularity of 1 /2**32 second.

	>>E-UTRAN Access Point Position
	M
	
	9.2.8
	The configured estimated geographical position of the antenna of the cell.

	>>PRS Muting Configuration
	M
	
	9.2.9
	The configuration of positioning reference signals muting pattern, when applicable


5.2 LPP

LPP is transparent to eNB. UE is configured with OTDOA by E-SMLC.
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OTDOA-ProvideAssistanceData
The IE OTDOA-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑assisted downlink OTDOA. It may also be used to provide OTDOA positioning specific error reason.

Throughout Section 6.5.1, "assistance data reference cell" refers to the cell defined by the IE OTDOA-ReferenceCellInfo (see section 6.5.1.2). "RSTD reference cell" applies only in Section 6.5.1.5.

NOTE:
The location server should include at least one cell for which the SFN can be obtained by the target device, e.g. the serving cell, in the assistance data, either as the assistance data reference cell or in the neighbor cell list. Otherwise the target device will be unable to perform the OTDOA measurement and the positioning operation will fail.

-- ASN1START

OTDOA-ProvideAssistanceData ::= SEQUENCE {


otdoa-ReferenceCellInfo


OTDOA-ReferenceCellInfo



OPTIONAL,
-- Need ON


otdoa-NeighbourCellInfo


OTDOA-NeighbourCellInfoList


OPTIONAL,
-- Need ON


otdoa-Error





OTDOA-Error






OPTIONAL,
-- Need ON


...

}

-- ASN1STOP

–
PRS-Info

The IE PRS-Info provides the information related to the configuration of PRS in a cell.

-- ASN1START

PRS-Info ::= SEQUENCE {


prs-Bandwidth


ENUMERATED { n6, n15, n25, n50, n75, n100, ... },


prs-ConfigurationIndex
INTEGER (0..4095),


numDL-Frames


ENUMERATED {sf-1, sf-2, sf-4, sf-6, ...},


...,


prs-MutingInfo-r9

CHOICE {



po2-r9




BIT STRING (SIZE(2)),



po4-r9




BIT STRING (SIZE(4)),



po8-r9




BIT STRING (SIZE(8)),



po16-r9




BIT STRING (SIZE(16)),



...


}













OPTIONAL



-- Need OP
}

-- ASN1STOP

A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended for the UE. 
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