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1 Introduction
In RAN4 #72bis meeting, the discussions on OTDOA positioning enhancement solutions for het-net scenarios were continued in [1-4]. Based on the TP in [5] and offline discussion in last meeting, it is recommended to further discuss the advantages and disadvantages of different approaches as below;
· Candidate solutions:
· Solutions for het-net deployments with RRH based on time separation of PRS

· Generating Different Signal Sequences from Different RRHs within a Cell
· Solution 1: RRH-specific time offset for PRS transmissions based on the same PCI
-
Option A: Positioning occasions of a cell are a union of the cell’s RRHs’ positioning occasions. Positioning occasions of different intra-frequency cells may be aligned, as in Rel-9.
-
Option B: PRS muting patterns based solution 
· Solution 2: Different RRHs transmit the same PRS in different subframes
-
Option A: Subframe level separating can be understood that different RRHs transmit PRS in different subframe within each positioning measurement occasion period. The RRH index is combined 
with a specific prs-SubframeOffset-r13 to indicate a specific RRH.
-
Option B: The RRHs with same PCID can be assigned with different PRS configuration indices. UE reports the configured PRS configuration index together with other measurement reporting (such as PCID, RSTD, or RSTD quality), e.g., in IE NeighbourMeasurementElement.
· Solution 3: Different PRS sequences for different RRHs in the same cell
-     Option A: The different PRS sequences may be based on a ‘virtual positioning’ cell ID which is associated with an RRH; such ‘virtual positioning’ cell IDs may be associated with different RRHs in the same cell

-
Option B: Associating each RRH with cell portions already specified for positioning and use cell portions identities for generating RRH-specific sequences

-
Option C: PRS sequence may be scrambled with RRH ID
·    Solution 4: New RRH-specific RSs, e.g., CSI-RS configured for positioning purpose
- 
New RRH specific RS may be introduced, e.g. CSI-RS 

-
CSI-RS could be configured for positioning purpose
So in this contribution we focus on these enhancements, and provide the detailed analysis.
2  Solution for het-net deployments with RRH based on time separation of PRS
For the time domain positioning enhancement, the assumption is to use the existing positioning reference signals (PRS) and the timing for PRS transmission on RRHs could be configured by network, that is, there may be certain Tx timing pattern to indicate the distinct PRS Tx timing for each RRH. 
· Solution 1: RRH-specific time offset for PRS transmissions based on the same PCI
	-

Different RRHs transmit PRS in RRH-specific positioning occasions
-

The same time offset may be used for a group of RRHs which are close to each other.

-

Positioning occasions of a cell are a union of the cell’s RRHs’ positioning occasions.
-
     Positioning occasions of different intra-frequency cells may be aligned, as in Rel-9.

-
     The RRHs with same PCID can be assigned with different PRS muting patterns. 


The details of this solution could be referred to [1][2].
This solution will not have impact on the current physical design for positioning signal but only some signalling shall be introduced (possible impact to RAN2/3)
The number of PRS positioning occasions as defined in TS36.133 Table 8.1.2.5.1-1 are selected in order to reduce fading channel effect on PRS receiving, and to facilitate UE implementation. If RSTD measurement period remains the same as legacy, there are not enough PRS occasions for all the RRHs and macro cells for positioning. Therefore, RSTD measurement period in deployments with RRHs depends on the number of RRHs [1].  However, when PRS period is large (e.g. 1280ms) and the number of RRHs per cluster is large (e.g. 10 according to Scenario 2a TS36.872), the RSTD measurement period might be too long to afford as shown in figure 1 and table 1.
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Figure1. PRS positioning occasions for Solution 1 
Table 1. RSTD measurement period for Solution 1 in order to maintain Rel-9 RSTD accuracy
	PRS Period (ms)
	Number of RRHs (SCE scenario 2a)
	Number of positioning occasions M(intra-frequency RSTD measurement)
	RSTD measurement period for 4/10 RRHs (s)

	160 
	4/10
	16
	10.24/25.6  (2.56 in rel-9)

	320
	4/10
	8
	10.24/25.6  (2.56 in rel-9)

	640
	4/10
	8
	19.2/48     (4.8 in rel-9)

	1280
	4/10
	8
	37.12/92.8  (9.28 in rel-9)


Comparing the RSTD measurement period for solution 1 with the one for Rel-9 in table 1, it seems RAN4 will need to specify new requirements for solution1 anyway. Either reduce positioning occasions and increase UE implementation complexity, or limit the RRHs number or PRS period for het-net scenario. 
· Solution 2: Different RRHs transmit the same PRS in different subframes
	-
Option A: Subframe level separating can be understood that different RRHs transmit PRS in different subframe within each positioning measurement occasion period. The RRH index is combined 
with a specific prs-SubframeOffset-r13 to indicate a specific RRH.
-
Option B: The RRHs with same PCID can be assigned with different PRS configuration indices. UE reports the configured PRS configuration index together with other measurement reporting (such as PCID, RSTD, or RSTD quality), e.g., in IE NeighbourMeasurementElement.


Subframe level separating can be understood that different RRHs transmit PRS in different subframes within each positioning measurement occasion period. The details of this solution could be referred to [2][3].

Similar as solution 1, this solution will not have impact on the current physical design for positioning signal but only some signalling shall be introduced (possible impact to RAN2/3).

Different subframe offsets of PRS are only used for inter-frequency RSTD measurement currently, and therefore it shall be extended to intra-frequency case to support subframe level separation. If OAM configures that cells on the same carrier can transmit PRS at different subframes within a PRS occasion periodicity, it might low interference subframe for positioning. Without increasing LIS, some RRHs transmit PRS while other cells transmit normal data traffics as shown in figure 2. This interference to PRS can be minimized if the macro cells have flexibility of avoiding the data traffics on other RRHs when target RRH is transmitting PRS. However, this method will seriously reduce throughput. As shown in figure 2, in order to avoid interference from the serving cell, RRHs and macro cell in serving cell shall transmit PRS on different subframes within each PRS occasion and these PRS subframes shall be all LIS. If RRH numbers are 10, and PRS bandwidth is 6RB, the total traffic subframe loss could be 11*6=66 subframes. The total traffic subframe loss could be (RRH_numbers_per_cluster* clusters_per_cell +1)*bandwidth_dependent_PRS_number. If RRH numbers per cluster are 10, clusters per cell are 2, and PRS bandwidth is 6RB, the total throughput lost could be (10*2+1)*6 = 126 subframes. If the T_PRS is 160ms in a certain cell, it is almost impossible to run this positioning functionality.
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Figure2. Extra interference for solution 2, red link is PRS, yellow links are normal traffic
3 Generating Different Signal Sequences from Different RRHs within a Cell
· Solution 3: Different PRS sequences for different RRHs in the same cell
	-
   Option A: The different PRS sequences may be based on a ‘virtual positioning’ cell ID which is associated with an RRH; such ‘virtual positioning’ cell IDs may be associated with different RRHs in the same cell
-
   Option B: Associating each RRH with cell portions already specified for positioning and use cell portions identities for generating RRH-specific sequences
-
   Option C: PRS sequence may be scrambled with RRH ID


The details of this solution could be referred to [1].

Option A will not have impact on the current physical design for positioning signal. It won’t impact the legacy RSTD measurement period. However, although it claims that option A won’t need any new signalling [1], a careful examination does suggest new signalling is required.

In TS36.355 6.5.1.5, it suggests that, the RSTD reference cell may or may not be the same as the assistance data reference cell provided in OTDOA-ReferenceCellInfo. 

When target UE changes its serving cell, the RSTD reference cell might change according to UE decision. In this case, UE may measure PSS, SSS and CRS to decide PCI of the new reference cell, however UE will find that PCI is different from the one sent by the E-SMLC. Since RSTD measurement method is up to UE implementation, UE might cause confusion about PCI of reference cell in this case. In order to avoid this confusion, new signalling which indicates ‘virtual positioning’ setting is needed.

Moreover, new signalling should be introduced in OTDOA INFORMATION REQUEST or OTDOA INFORMATION RESPONSE in TS36.455 to indicate ‘virtual positioning’ setting and the relationship between ‘virtual PCI’ and ‘actual PCI’. Otherwise, either eNB or E-SMLC will be confused by unclear PCI.

New schemes should be introduced to network planning in order to avoid PRS collision among RRHs, which include a large number of ‘virtual PCI’.
· Observation: ‘virtual positioning’ cell ID method does require new signalling in order to avoid confusion among UE, eNBs and E-SMLC. . 
Option B will not have impact on the current physical design for positioning signal but only some signalling shall be introduced. It won’t impact the legacy RSTD measurement period. However, the number of cell portions specified for positioning limit the RRH number for positioning significantly.
For Option C, the current existing cell specific RS could be PRS, and the scrambling sequence is derived from the RRH index, as shown in figure 3. The details of RRH specific scrambling sequence could be studied in RAN1.
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Figure 3. Existing cell specific RS scrambled by RRH specific sequence
After scrambling the PRS by RRH specific sequence, the RS transmitted on diverse RRHs are different in an identical cell and UE can identify the specific RRH if it was notified the relationship between RRH index and the scrambling sequence. Then UE can report the positioning measurement results with both RRH index and PCI to the network for location calculation. A feasible approach is the scrambling sequence can be deduced from RRH index directly by UE itself, like UE can deduce PRS sequence from PCI.
As the new ID or index might be introduced for scrambling, Solution 3 Option C will not only have impact on the current physical design for positioning signal (possible impact to RAN1) and also some signalling shall be introduced (possible impact to RAN2/3). It won’t impact the legacy RSTD measurement period.

· Solution 4: New RRH-specific RSs, e.g., CSI-RS configured for positioning purpose
	- 
New RRH specific RS may be introduced, e.g. CSI-RS 

-
CSI-RS could be configured for positioning purpose


The details of this solution could be referred to [3] and [4].

The existing RRH specific RS (CSI-RS) was not designed for positioning purpose actually, that is, signalling is needed to let ESMLC or eNB configure RRH specific RS to UE for positioning purpose.  ESMLC can ask eNB about the CSI-RS status of its RRHs or ESMLC might request eNB to configure the CSI-RS to RRHs for OTDOA positioning. ESMLC will send the CSI-RS information to UE instead of PRS assistance data, which might include the timing information, port information, CSI-RS configuration and etc.
By using RRH specific CSI-RS, UE is able to identify the specific RRH, and then UE can perform positioning measurement based on RRH specific RS and report to the network for location calculation. It will introduce new measurement quantity of CSI-RS based ToA in RAN1, but it doesn’t need more identifiers for RRH in signalling. Signalling only focus on the measurement configuration and reporting. 
Solution 4 will not reduce the positioning occasions available for each cell. Therefore, it won’t impact the legacy RSTD measurement period.
4 Summary

Based on the analysis in above sections, the priority and related groups for candidate enhancement could be summarized as,
Table 2. Summary of candidate enhancement
	Candidate enhancements
	Measurement Time Duration
	Number of RRH supports
	New requirement
	New signaling 


	Proposed priority
	Positioning signal

	Solution 1
	Subject to RRH number
	Depend on tolerant of measurement  duration 
	Yes
	Yes
	High
	PRS

	Solution 2
	Subject to RRH number
	Depend on tolerant of the throughput loss

	Yes
	Yes
	Low
	PRS

	Solution 3

Option A
	Legacy
	Unlimited
	No
	Yes
	Low
	PRS

	Solution 3

Option B
	Legacy
	Depend on cell portions number
	No
	Yes
	Low
	PRS

	Solution 3

Option C
	Legacy
	Unlimited
	Yes
	Yes
	Low
	Scrambled PRS

	Solution 4
	Legacy
	Unlimited
	Yes
	Yes
	High
	CSI-RS


5 Conclusion
In this contribution, we further analyze the candidate solutions based on the last meeting discussion. The priorities of each solution are proposed for future stage
(1) For het-net scenarios, the usage of RRH can be beneficial for OTDOA performance, provided there are methods to distinguish the measured signals from different RRHs
(2) RRH-specific time domain positioning solution for PRS transmissions and RRH-specific CSI-RS positioning solution could be studied in the future stage.
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