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1.  

Introduction
At RAN#71 meeting, a new work item on "Further Indoor Positioning Enhancements for UTRA and LTE" was agreed [1]. The objectives of this work item include the addition of PRS-based Terrestrial Beacon Systems:


"Add support for TBS positioning based on PRS-based signals: Define physical layer design, core requirements 
and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]."
At RAN1#85, it was agreed as a starting point [2]:
· For PRS-based TBS, as a starting point for Rel-14 WI, RAN1 decides to prioritize the following:

· Support PRS-based TBS where the TPs transmit positioning reference signals with the same general design as defined for eNBs in Rel-14.

· The PRS for the TBS TPs can be configured in up to all 10 subframes within a radio frame.

· The PRS for the TBS TPs can be configured in up to all radio frames of a DL carrier.

In this contribution, we propose the corresponding positioning reference signal subframe configuration.
2. 

Positioning reference signal subframe configuration
2.1

Background

The PRS subframe configuration is essentially determined by three parameters:
1. Number of consecutive DL subframes with PRS configured, NPRS (termed "Positioning Occasion");
2. PRS configuration index IPRS;

3. Number of positioning occasions per muting pattern repetition TREP.

The PRS configuration index IPRS in turn determines the PRS periodicity TPRS and the PRS subframe offset PRS. Figure 1 below illustrates the different parameter. The PRS instances, for the first subframe of the 
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Figure 1: PRS subframe configuration.
The number of consecutive DL subframes NPRS is defined in LPP [3] and currently can take only the following values: 1, 2, 4, 6 subframes.
The PRS configuration index IPRS is defined in 36.211 [4] as follows:
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2.2

Higher Duty Rate PRS
A higher duty rate PRS (up the special case of PRS in all DL subframes) could be realized by (a) increasing NPRS, and/or (b) reducing TPRS. 
Increasing NPRS would allow better compatibility with legacy UEs since PRS TPs can use e.g., a 160 ms periodicity with extra subframes above NPRS=6 not being measured by legacy UEs. An increased NPRS would allow longer integration times per positioning occasion, where the integration could be coherent and/or non-coherent. Since muting is defined per positioning occasion, the integration for a given increased NPRS would be performed essentially under the same SINR condition. With proper muting pattern planning, longer integration times per positioning occasion could then increase hearability (the noise source may then be primarily thermal noise).   
A higher duty rate PRS can also be realized by reducing TPRS to smaller values than currently defined. A reduced TPRS would be advantageous in (e.g., shared) TBS deployments where the number of NPRS cannot easily be increased, or for TDD UL/DL configurations where the number of DL subframes in a radio frame is relatively small (e.g., when eIMTA is enabled on a carrier shared with TBS, there may be generally a smaller number of DL subframes available for PRS). A reduced TPRS would still allow to provide PRS assistance data for legacy UEs, if a multiple of the new (reduced) TPRS can describe any of the legacy PRS periodicities (e.g., 160 ms). However, muting pattern planning may be more difficult in some cases, since the legacy muting pattern with e.g., 160 ms periodicity must be a subset of actual muting pattern used with the reduced TPRS.
A full-duty cycle PRS (i.e., PRS in all DL subframes) could then be realized by setting NPRS equal to the PRS periodicity TPRS. This would maintain the definition of a "positioning occasion" also in case of PRS in all DL subframes, which would be required to support muting as currently defined. 
To allow maximum flexibility in configuring PRS subframes for TBS, the following is proposed:

Proposal 1: 
Specify the number of consecutive downlink subframes NPRS with positioning reference signals as an 


integer between 1 and 160 subframes.

Proposal 2: 
Specify additional PRS periodicities TPRS, down to 5 ms. 
The following additional PRS configuration indices IPRS are proposed:
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Proposal 3: 
Specify additional PRS configuration indices IPRS, as shown in the Table above. 

With the above, any desired PRS subframe configuration could be realized, including for example infrequent long occasions (e.g., for longer integration times and better hearability; up to 160 subframes per occasion), as well as frequent short occasions (e.g., 1 subframe every 5 ms).  
For configuring a full duty cycle PRS (where NPRS=TPRS), there would then also be multiple options. For example, it is possible to configure very frequent muting occasions (with small NPRS/TPRS) for interference averaging, or infrequent muting occasions (with large NPRS/TPRS) for longer integration times. 

The PRS muting configuration is defined by a periodic PRS muting sequence with periodicity TREP, where TREP is counted in the number of PRS positioning occasions (currently, 2, 4, 8, or 16 which is the length of the muting bit string that represents the PRS muting sequence) [3]. With the above proposed additional measurement occasions per 10.24 seconds SFN range (0-1023), longer muting pattern bit strings (TREP) would be possible. A longer muting pattern would allow to orthogonalize more neighbour cells/TPs in time. For example, with 4096 PRS-IDs [5] and a vshift reuse of 6, each vshift group would have in total 683 colliding members. A muting pattern ≥683 could produce fully orthogonal measurements for all PRS-IDs. With the short PRS periodicities TPRS, longer muting pattern are possible to implement (within the 10.24 seconds SFN-cycle length).
Longer muting pattern are also desired for better supporting legacy UEs. If a UE does not support the additional PRS configurations (e.g., a legacy UE, or a UE without "PRS-based TBS capability"), assistance data for a TP which has one of the additional PRS configuration options configured can still be provided to this UE, since the legacy configuration options are a special case of the additional options. However, the e.g., legacy UE would then (of course) not "see" the additional PRS subframes.  For example:

A TP has PRS configured every 20 ms with NPRS = 5 subframes, and PRS=2 subframes. Therefore, IPRS=2417, and NPRS=5. If the target UE does not support the additional PRS configuration options, the location server could provide a corresponding legacy PRS configuration in the assistance data to this UE. For example, IPRS=2, and NPRS=4. Therefore, the legacy UE would "see" every 8th occasion, and could use the 4 subframes (of actual 5 subframes) of each occasion. For providing the muting pattern for this legacy UE, the ON/OFF bit and TREP of the provided  legacy muting pattern must correspond to actual ON/OFF bit used for the actual configured higher duty rate PRS muting pattern. If the higher duty rate PRS TP would use a 16-bit muting pattern, TREP would be 16×20ms = 320 ms in the example above. The corresponding muting pattern for the legacy UE (which would see a PRS periodicity of 160 ms) would then only be 2-bits long (i.e., bit 1 and 8 of the 16-bit TREP), which may affect the performance of the legacy UE. If the actual TP with IPRS=2417 would use a 128-bit muting pattern instead (i.e., TREP=128×20 ms = 2.56 seconds), the equivalent muting pattern for the legacy UE could be 16-bits: 16×160 ms = 2.56 seconds (i.e., every 8th bit of the actual 128-bit pattern). 

Proposal 4: 
Specify additional PRS muting bit string lengths (TREP): 32, 64, 128, 256, 512, and 1024 bits.
Per current specification, the cyclic prefix length (normal or extended) for the PRS is linked to the subframe configuration used in the particular cell [4]: If only MBSFN subframes are configured as positioning subframes within a particular cell, extended cyclic prefix length is used for the PRS symbols; 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). This association of CP length to subframe configuration is unnecessarily restrictive (in particular, since the PRS CP length for each cell is provided in the OTDOA assistance data anyhow). 
If not all neighbour cells/TPs have MBSFN-only subframes with PRS configured (e.g., no MBSFN subframes in some neighbour cells), cells with different PRS CP lengths may be needed/present for OTDOA. For example, the cells with MBSFN-only subframes with PRS configured would use extended CP for the PRS, but the neighbour cells (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). 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. 


Proposal 5:
Remove the current association of PRS CP length to MBSFN/PRS subframe configuration.

Note, Proposal 5 above should still be backwards compatible, since (as mentioned above) the PRS CP length for each cell (reference and neighbour) is provided in the OTDOA assistance data anyhow [3]. 
With Proposal 5, positioning subframes with a mixed CP could also be avoided. 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). With Proposal 5, normal CP cells with MBSFN-only positioning subframes could use normal CP for the PRS as well. Note, extended CP for PRS in this case would still be possible, if desired, since it could now be decided by eNB/TP implementation and deployment scenario.
3.

Summary

In this contribution, we proposed the PRS subframe configuration to support a "high-duty rate" PRS, up to a "full-duty cycle" PRS configuration. The following is proposed:

Proposal 1: 
Specify the number of consecutive downlink subframes NPRS with positioning reference signals as an 


integer between 1 and 160 subframes.

Proposal 2: 
Specify additional PRS periodicities TPRS, down to 5 ms. 


Proposal 3: 
Specify additional PRS configuration indices IPRS, as follows:
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Proposal 4: 
Specify additional PRS muting bit string lengths (TREP): 32, 64, 128, 256, 512, and 1024 bits.


Proposal 5:
Remove the current association of PRS CP length to MBSFN/PRS subframe configuration.


Proposal 6: 
Inform RAN2 and RAN3 of the RAN1 agreement.
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