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1 Introduction
In RAN1#72bis, a joint way forward was made among interested companies as follows [1]:
· The requirement on OTDOA positioning accuracy for PRS/EPDCCH capable UE is same as for the PRS capable only UE if the network operates PRS as configured. The network is not prevented from transmitting EPDCCH in PRS configured resources but UE is not required to take additional enhancement to fulfill the OTDOA positioning performance and EPDCCH performance in this case. 

· For mixed CP case

· UE is not required to monitor EPDCCH in the subframe configured with PRS transmission if the PRS and EPDCCH to be monitored have different CP lengths. 
· This means to prioritize the reception of PRS by UE

· For same CP case: FFS among following options. To be decided in RAN1#73.

· Alt 2: UE is not required to monitor EPDCCH candidate overlapping with the PRB pair containing PRS. Meanwhile, the UE monitors EPDCCH candidate which is not overlapped with PRB pair containing PRS. 
· This means to prioritize the reception of PRS in overlapped PRB pairs by UE.

· Alt 3: UE is not required to monitor EPDCCH in the subframe with PRS transmission configured.
· This means to prioritize the reception of PRS in the overlapped subframe by UE.

· Alt 4: UE monitors EPDCCH as configured regardless of PRB pair overlapping with PRS, and the UE operation on PRS reception is not changed by EPDCCH monitoring.

· This means 
· Per UE operation wise, UE may prepare the reception of both EPDCCH and PRS in the overlapped resources.
· Per UE implementation wise, UE is required to support the reception of both EPDCCH and PRS in the overlapped resources.
· To discuss and conclude whether and how the specification should be changed in RAN1#73.

In this contribution, we provide our view on open points above.
2 Discussion
We discuss following aspects in the following subsections.

· Support of EPDCCH transmission/reception in PRS resources
· Resource utilization
· Whether and how the specification should be changed
2.1 Support of EPDCCH transmission/reception in PRS resources

One aspect of difference among Alt.4 and Alt.2/Alt.3 would be whether EPDCCH transmission/reception in PRS resource is supported similar to PDSCH reception carrying system information or paging. In our view, whether to support a feature depends on existence of beneficial or essential use cases. EPDCCH transmission as well as PDSCH transmission in PRS resource will degrade OTDOA measurement accuracy of the UEs in the serving cell and neighboring cells. So benefit of use case should outweigh this negative. However, we cannot find beneficial use case which outweighs the negative, except PDSCH transmission/reception of system information/paging. It is summarized in Table 2.1-1.
Table 2.1-1: Possible confliction among PRS and PDSCH/EPDCCH in same CP case
	
	Essential / beneficial use case
	UE behavior in the spec.

	PDSCH (CRS based)
· SI-RNTI

· P-RNTI
	· Transmission / reception of the system information / paging [2]
· It would be essential for narrow system bandwidth as it is difficult to avoid confliction.
	“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.” [3]

	PDSCH (CRS/DM-RS based)
· Other RNTI
	Not clear
	Unspecified

	EPDCCH (DM-RS based)
· RNTI mapped on USS
	Not clear
	Unspecified


Observation:

We don’t see essential/beneficial use case to support transmission / reception of EPDCCH in PRS resources.

2.2 Resource utilization
Another aspect would be resource utilization.

Downlink resource which is not used for PRS transmission / reception in a PRS subframe and their percentage to the whole DL resources is summarized in Table 2.2-1 assuming PRS resources would be assigned based on requirement in [4], which is copied in Annex of this contribution.
The remaining resource may be utilized via EPDCCH in case of Alt.2 and Alt.4 and via common search space for all alternatives. It may be also utilized for the UE which is not configured with EPDCCH.

Anyway, looking at the table, remaining resource in PRS subframes would be negligible.
Table 2.2-1: Percentage of remaining downlink resources in PRS subframes to the whole resource (FDD)
	DL system BW
	Assumed PRS BW [4]
	Remaining resource
	Assumed N_PRS [4]
	PRS periodicity

	
	
	
	
	160 ms
	320 ms
	640 ms
	1280 ms

	1.4MHz
	6 RB
	0 RB
	6
	0%
	0%
	0%
	0%

	3 MHz
	15 RB
	0 RB
	4 or 6
	0%
	0%
	0%
	0%

	5 MHz
	25 RB
	0 RB
	2
	0%
	0%
	0%
	0%

	10 MHz
	50 RB
	0 RB
	1
	0%
	0%
	0%
	0%

	15 MHz
	≥ 50 RB
	≤ 25 RB
	1
	0.2%
	0.1%
	0.05%
	0.03%

	20MHz
	≥ 50 RB
	≤ 50 RB
	1
	0.3%
	0.2%
	0.08%
	0.04%


With regard to uplink resource corresponding to a PRS subframe, usage of it is summarized in Table 2.2-2. As there is some way to utilize uplink resource, it is not clear if uplink resource would be really wasted if EPDCCH reception / transmission in PRS resource is not supported.
Table 2.2-2: usage of uplink resource corresponding to PRS subframe

	
	PUSCH
	PUCCH

	
	PDCCH 
	EPDCCH
	

	
	CSS
	USS
	
	

	UE not configured with EPDCCH
	Yes
	Yes
	N/A
	Yes

	UE configured with EPDCCH
	Alt. 2
	BW ≥15MHz
	
	No
	Likely Yes
	

	
	
	BW≤10MHz
	
	
	Likely No
	

	
	Alt. 3
	
	
	No
	

	
	Alt. 4
	
	
	Yes (*1)
	


*1: If EPDCCH is transmitted in PRS resources, OTDOA measurement accuracy will be degraded. If network wants to avoid degradation, Alt.4 would be equivalent to Alt.2.
Table 2.2-3 shows percentage of uplink resources corresponding to PRS subframes in FDD. The percentage does not seem significant even if all of uplink resource corresponding to PRS subframes were wasted.
Table 2.2-3: Percentage PRS subframes to the subframes (FDD)

	PRS periodicity

	160 ms
	320 ms
	640 ms
	1280 ms

	0.6%
	0.3%
	0.2%
	0.08%


Observation: 

With respect to waste of resources, no significant difference is observed among alternatives.
2.3 Whether and how the specification should be changed
As companies have different understanding on this issue from current specification, UE behavior needs to be captured by the specification to avoid misunderstanding between UE and eNB. 
Required corrections for each alternative would be as follows:

For Alt.2:

· For different CP case:

· Add text in section 7.1 or 9.1.4:
“UE is not required to monitor EPDCCH in the subframe where the UE is configured to receive PRS using different cyclic prefix length from subframe #0”
· For same CP case:

· Add “or PRS” to the text in section 9.1.4 as proposed in [5]:
“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 either PBCH or primary or secondary synchronisation signals or PRS in the same subframe” 

For Alt.3:

· No distinction between same CP case and different CP case is necessary

· Add text in section 7.1 or 9.1.4:
“UE is not required to monitor EPDCCH in any subframe where the UE is configured to receive PRS”
For Alt.4

· For different CP case:

· Add text in section 7.1 or 9.1.4:
“UE is not required to monitor EPDCCH in the subframe where the UE is configured to receive PRS using different cyclic prefix length from subframe #0”
· For same CP case:

· Add text in section 7.1:
“A UE may assume that positioning reference signals are not present in resource elements in which it shall monitor an EPDCCH candidate when the UE decodes the EPDCCH”
Observation:

Alt.3 is simplest solution from specification impact point of view.
3 Conclusion

We discussed open points in the WF [1] and made observations below:
Observation:

· We don’t see essential/beneficial use case to support transmission / reception (monitoring) of EPDCCH in PRS resources.
· With respect to waste of resources, no significant difference is observed among alternatives.

· Alt.3 is simplest solution from specification impact point of view
From these observations, we’ve made proposal below:

Proposal:

Adopt either of Alt.2 or Alt.3

· Alt 2: UE is not required to monitor EPDCCH candidate overlapping with the PRB pair containing PRS. Meanwhile, the UE monitors EPDCCH candidate which is not overlapped with PRB pair containing PRS. 
· This means to prioritize the reception of PRS in overlapped PRB pairs by UE.

· Alt 3: UE is not required to monitor EPDCCH in the subframe with PRS transmission configured.
· This means to prioritize the reception of PRS in the overlapped subframe by UE.
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5 Annex
5.1 Reference Signal Time Difference (RSTD)
6.1.1 Intra-Frequency Accuracy Requirement
Table 9.1.10.1-1: RSTD measurement accuracy [4]

	Accuracy
	Conditions

	
	PRS Ês/Iot
	Minimum PRS bandwidth, which is minimum of serving cell channel bandwidth and the PRS bandwidths of the reference cell and the measured neighbour cell i Note 6
	Minimum number of available measurement subframes among the reference cell and the measured neighbour cell i
	Io Note 1 range

	
	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	Ts Note 2
	dB
	RB
	
	
	dBm/15kHz
	dBm/BWChannel

	(15
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	≥ 6
	6
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	-50

	
	
	
	
	9, 42, 43
	-120
	-50

	
	
	
	
	28
	-119.5
	-50

	
	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	-50

	
	
	
	
	26
	-118.5 Note 4
	-50

	
	
	
	
	3, 8, 12, 13, 14, 17, 20, 22, 29 Note 7
	-118
	-50

	
	
	
	
	25
	-117.5
	-50

	(6
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 25
	≥ 2
	Note 5
	Note 5
	Note 5

	(5
	(PRS Ês/Iot)ref ≥-6dB

and

(PRS Ês/Iot)i ≥-13dB
	( 50
	≥ 1
	Note 5
	Note 5
	Note 5

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
Ts is the basic timing unit defined in TS 36.211 [16].

NOTE 3:
PRS bandwidth is as indicated in prs-Bandwidth in the OTDOA assistance data defined in [24].

NOTE 4:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 5:
The same bands and the same Io conditions for each band apply for this requirement as for the corresponding requirement with the PRS bandwidth ≥ 6 RB.
NOTE 6:
The serving cell, the reference cell, and the measured neighbour cell i are on the same carrier frequency.

NOTE 7:
Band 29 is used only for E-UTRA carrier aggregation with other E-UTRA bands.



