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1.  

Introduction
At RAN1#86 meeting, additional PRS configurations for PRS-based TBS were agreed [1]. One of the remaining issues are related to the PRS transmission in MBSFN subframes, as discussed in [2]. In particular [3]: 

"FFS: Remove the current association of PRS CP length to MBSFN/PRS subframe configuration."
This contribution discusses the PRS transmission in MBSFN subframes, and proposes to remove the current configuration requirements for PRS CP length in MBSFN subframes.
2. 

Background and Proposal
Since the Release-9 specifications [4], PRS can be configured in (a) normal subframes only, (b) both, normal and MBSFN subframes, and (c) MBSFN subframes only. The PRS symbol arrangement depends on the number of PBCH antenna ports and the cyclic prefix (CP) length. Therefore, the OTDOA assistance data include information on the PRS CP length and the number of antenna ports for each assistance data cell [5], e.g.:

antennaPortConfig

ENUMERATED {ports1-or-2, ports4, ... }


cpLength



ENUMERATED { normal, extended, ... }
	antennaPortConfig

This field specifies whether 1 (or 2) antenna port(s) or 4 antenna ports for cell specific reference signals (CRS) are used in the assistance data reference cell.

	cpLength

This field specifies the cyclic prefix length of the assistance data reference cell PRS if the prsInfo field is present, otherwise this field specifies the cyclic prefix length of the assistance data reference cell CRS.


The CP length assistance information is provided per cell, i.e.:
Observation 1: All downlink subframes configured for positioning reference signal transmission of a cell use 

the same CP length for the PRS.
If PRS are configured in MBSFN subframes, the PRS CP length depends on whether PRS are configured in both normal and MBSFN subframes, or in MBSFN subframes only. In particular [4]:
"If both normal and MBSFN subframes are configured as positioning subframes within a cell, the OFDM symbols in a MBSFN subframe configured for positioning reference signal transmission shall use the same cyclic prefix as used for subframe #0. If only MBSFN subframes are configured as positioning subframes within a cell, the OFDM symbols configured for positioning reference signals in the MBSFN region of these subframes shall use extended cyclic prefix length."
Observation 2: Normal or extended CP length can be used for the PRS symbols in MBSFN subframes. 

Observation 3: The cyclic prefix length for the PRS is currently linked to the MBSFN/PRS subframe 


configuration used in the particular cell:

a. If only MBSFN subframes are configured as positioning subframes within a particular cell, extended cyclic prefix length is used for the PRS symbols in the MBSFN region of these subframes.
b. If mixed MBSFN and normal subframes are configured as positioning subframes within a particular cell, the cyclic prefix length of normal subframes in the same cell is used for the PRS (which could be either normal or extended CP; and applies to both, MBSFN-region and non-MBSFN region of these subframes).
Observation 3 ensures that all downlink subframes configured for positioning reference signal transmission of a cell have the same CP length for the PRS (e.g., in case of NPRS>1 or certain PRS/MBSFN frame periodicities, such as MBSFN radio frame period of 32-frames and PRS frame period of 16-frames) and is consistent with Observation 1 where positioning subframes are assumed to be either normal CP or extended CP, but not both. However, Observation 3 is unnecessarily restrictive, as discussed below. 
The number and locations of MBSFN subframes within a specific radio frame is determined by the network and is broadcasted to UEs via SIB2 [6]. Since a PRS-only TP does not support system information broadcast, only normal subframes are used for the TBS TPs. This is consistent with the current specification [4]:

"A subset of the downlink subframes in a radio frame on a carrier supporting PDSCH transmission can 
be configured as MBSFN subframes by higher layers."
Observation 4: No MBSFN subframes can be configured on a PRS-only TP.
Given Observation 2, it is unclear why the PRS CP length in MBSFN subframes must be extended CP if PRS are configured in MBSFN subframes only. Indeed, this current CP length requirement can result in an inefficient system. 
The current CP length requirement can result in a mixed PRS CP length deployment. If not all neighbour cells/TPs have MBSFN-only subframes with PRS configured (e.g., no MBSFN subframes in some neighbour cells/TPs), cells/TPs with different PRS CP lengths may be needed/present for OTDOA. For example, the cells/TPs with MBSFN-only subframes with PRS configured would use extended CP for the PRS, but the neighbour cells/TPs (e.g., TBS-TPs or small cells) without MBSFN subframes may use normal CP for PRS subframes. Since the symbol boundaries are not aligned for subframes using different CP lengths, the PRS transmission from neighbouring cells/TPs using different CP lengths are not orthogonal (even if different frequency offsets are applied to the PRS symbols in the two cells/TPs), as illustrated in Figure 1 below. If the PRS in the MBSFN-only subframes would use normal CP instead, the PRS occasions for all neighbour cells could use the same CP length. 


[image: image1.emf]Normal CP PRS Subframe (14 OFDM Symbols)

Extended CP PRS Subframe (12 OFDM Symbols)



Figure 1: Relative OFDM symbol boundaries for normal and extended CP subframes. The shaded 
symbols indicate PRS symbols for 1-or-2 PBCH antenna ports.
The current CP length requirement can result also in mixed CP subframes. Currently, in normal CP cells, if only MBSFN subframes are configured as positioning subframes, normal CP would be used for the 1 or 2 control symbols at the start of these subframes. A gap of less than one symbol would follow the 1 or 2 control symbols, after which there would be 11 (for 1 control symbol) or 10 (for 2 control symbols) extended CP symbols containing the PRS symbols. This does "waste" transmission energy (i.e., a transmission gap and less number of PRS symbols compared to normal CP). If a subframe uses a mixed CP, the starting positions of the OFDM symbols configured for positioning reference signal transmission shall be identical to those in a subframe in which all OFDM symbols have the same cyclic prefix length as the OFDM symbols configured for positioning reference signal transmission [4]. If the normal CP cells with MBSFN-only positioning subframes could use normal CP for the PRS as well, mixed CP subframes could be avoided. 
Observation 5: The current CP length requirement can result in a mixed PRS CP length OTDOA deployment 

and in mixed CP subframes, which can result in an inefficient system.
The current linkage of the cyclic prefix length for the PRS to the MBSFN subframe configuration is irrelevant from the UE point of view. As mentioned above, the CP length of the PRS for each OTDOA cell is provided in the assistance data. The MBSFN subframe configuration information is usually not available for all OTDOA neighbour cells. For example, SIB3 can indicate whether not all neighbour cells have the same MBSFN subframe allocation as the serving cell, or whether the MBSFN subframe allocations of all neighbour cells are identical to or subsets of that in the serving cell, or whether no MBSFN subframes are present in all neighbour cells [6]. The neighbour cells in SIB3 may not be the same as the OTDOA assistance data neighbour cells. Therefore, a UE would usually not be able to e.g., cross-check whether the PRS CP length provided in the assistance data is consistent with the current CP length requirement in MBSFN subframes, and would have to use the CP length information provided in the assistance data anyhow. 
Observation 6: The current linkage of the cyclic prefix length for the PRS to the MBSFN subframe 


configuration is irrelevant from the UE point of view, since the PRS CP length for each 


OTDOA cell is provided in the assistance data.
The observations 1-5 above lead to the following proposal:

Proposal 1: 
Remove the current association of PRS CP length to MBSFN/PRS subframe configuration. 

With Observation 6, Proposal 1 would be backwards compatible. Note, extended CP for PRS configured in MBSFN subframes only (e.g., in a normal CP cell) would still be possible, if desired, since it could now be decided by eNB/TP implementation and deployment scenario.
Since the CP-length information included in the OTDOA assistance data provide the CP length of the PRS (assuming PRS is always configured for OTDOA), there may be no information on the CP-length for the CRS available at the UE, as observed in [7]. As discussed above, in a normal CP cell and PRS configured in MBSFN subframes only, the CP length for the 1 or 2 control symbols would be normal CP, and the CP length for the PRS could be extended CP (also with Proposal 1). That is, the UE would currently not know the CP length of the CRS from the assistance data (e.g., may only know the CRS CP length for the UE serving cell). However, in an MBSFN subframe, cell-specific reference signals shall only be transmitted in the non-MBSFN region of the MBSFN subframe [4]. Therefore, no CRS would be present in the MBSFN-region of a PRS subframe (if PRS is configured in MBSFN subframes). Adding the CRS CP length to the OTDOA assistance data as proposed in [7] appears not to be sufficient, since a UE cannot expect CRS in positioning subframes if PRS are configured in MBSFN subframes. The MBSFN subframe configuration may need to be provided in the OTDOA assistance data as well. If PRS are configured in MBSFN subframes only, a 1-bit flag may be sufficient to indicate to the UE that no CRS are present in the MBSFN-region of the subframe.  
Observation 7: Providing the CRS CP length in the OTDOA assistance data for PRS usage together with CRS 

may not be sufficient. Information about the 
MBSFN subframe configuration may need to be 

provided in addition.

If PRS are configured in MBSFN subframes, the CRS region in the MBSFN-region of the subframe would be wasted (i.e., no symbol transmission). Similar as for PRS-only TBS TPs, it would be beneficial to transmit PRS symbols also in the CRS (and at least partly) in the control region of a subframe, as proposed in [8], and illustrated in Figure 2 below. 
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Figure 2: Example of Extended PRS Pattern, with PRS in control- and CRS REs (extended CP) indicated in red.
Observation 8: An extended PRS pattern with PRS symbols in CRS REs and/or control REs would be 


beneficial not only for PRS-only TPs, but also for PRS configured in MBSFN subframes.
3. 

Summary
In this contribution, we discussed the PRS transmission in MBSFN subframes. The observations are repeated below.
Observation 1: All downlink subframes configured for positioning reference signal transmission of a cell use 

the same CP length for the PRS.
Observation 2: Normal or extended CP length can be used for the PRS symbols in MBSFN subframes. 

Observation 3: The cyclic prefix length for the PRS is currently linked to the MBSFN/PRS subframe 


configuration used in the particular cell:

c. If only MBSFN subframes are configured as positioning subframes within a particular cell, extended cyclic prefix length is used for the PRS symbols in the MBSFN region of these subframes.
d. If mixed MBSFN and normal subframes are configured as positioning subframes within a particular cell, the cyclic prefix length of normal subframes in the same cell is used for the PRS (which could be either normal or extended CP; and applies to both, MBSFN-region and non-MBSFN region of these subframes).
Observation 4: No MBSFN subframes can be configured on a PRS-only TP.

Observation 5: The current CP length requirement can result in a mixed PRS CP length OTDOA deployment 

and in mixed CP subframes, which can result in an inefficient system.
Observation 6: The current linkage of the cyclic prefix length for the PRS to the MBSFN subframe 


configuration is irrelevant from the UE point of view, since the PRS CP length for each 


OTDOA cell is provided in the assistance data.
Observation 7: Providing the CRS CP length in the OTDOA assistance data for PRS usage together with CRS 

may not be sufficient. Information about the 
MBSFN subframe configuration may need to be 

provided in addition.

Observation 8: An extended PRS pattern with PRS symbols in CRS REs and/or control REs would be 


beneficial not only for PRS-only TPs, but also for PRS configured in MBSFN subframes.
Therefore, it is proposed:
Proposal 1: 
Remove the current association of PRS CP length to MBSFN/PRS subframe configuration.
Proposal 2: 
Define an extended PRS mapping to resource elements, such that PRS symbols can also be 

transmitted in the control- and/or CRS region of a subframe.
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