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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:
For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item as the starting point [RAN1]

b) Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]
At RAN1#84bis, as a starting point for Rel-14 work item, RAN1 decided to prioritize OTDOA enhancements for the shared Cell-ID scenario. In particular, it was agreed [2]:

· Support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP

· Support virtual cell ID per TP

· FFS: How to generate PRS sequence/v_shift with the virtual cell ID per TP until RAN1#85
At RAN1#85, it was agreed to define a 
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for PRS sequence generation [3]:
· For OTDOA same PCI, RAN1 decides to:

· Define
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 for PRS sequence/vshift generation per TP

· With  
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 values ranging FFS

In this contribution, we propose the value range for 
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between 0 and 4095. 
2. 

PRS Sequence Generation
2.1

Background

The PRS sequence is generated with a length-31 Gold sequence generator, as specified in section 7.2 of TS 36.211, and illustrated in Figure 1 below. 
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Figure 1: Pseudo-random sequence generation.
The top register is filled with x1(0)=1 (MSB), and x1(1)=….=x1(30)=0.
The lower register is filled with the initialization sequence 
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 (which depends on the application of the sequence):
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For PRS, the pseudo-random sequence generator (lower register) is initialised with
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at the start of each OFDM symbol where 
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and
ns
slot number within a radio frame, ns=0..19.

l
OFDM symbol number within the slot; l=0..6 for normal CP, and l=0..5 for extended CP.
Therefore, the final PRS sequence is completely determined by the initial seed cinit; and this initial seed is completely determined by the slot number within a frame ns, OFDM symbol number within a slot l, and the PCI 
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2.1

Maximal value for 
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The highest value for cinit for any given 
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occurs when ns=19 and l=6 (and NCP=1). This highest value for cinit must be ≤ 31-bits. This condition alone would result in a maximum possible value for
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. With
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, and ns=19 and l=6, cinit = 2147296185, or binary ‘1111111111111010010001110111001’ (length 31-bits). 

Note:
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would also result in a cinit with ≤ 31-bits in some cases, but not for all possible ns 


and l values.

However, with an
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, two cells with different 
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 might have the same scrambling seed. For example, the two cells with 
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would have the same scrambling seed in slots 19 symbol 2, and slots 0 symbol 2, respectively:
· 
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, ns=19, l=2 (Ncp=1) : cinit = 11275341
· 
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, ns=0, l=2 (Ncp=1) : cinit = 11275341
If two cells with different 
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have the same scrambling seed cinit in certain OFDM symbols, and if these symbols overlap at the receiver, the two symbols (cells) cannot be distinguished in code domain, and may disturb the overall PRS correlation result (SNR reduction).  Although, the above example may not create a problem in practice (since the two cells would have the same sequence in OFDM symbols which are in different subframes), there are other examples where the duplicated PRS sequences of two cells would occur in adjacent symbols in the same time slot. For example: 
· 
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, ns=0, l=1 (Ncp=1) : cinit = 75514881
· 
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, ns=0, l=0 (Ncp=1) : cinit = 75514881
The table below shows the first 10 configurations where two cells with different 
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would result in the same scrambling seed:

	cinit
	Cell #1
	Cell #2
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	ns
	l
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	ns
	l

	11275341
	38
	19
	2
	550
	0
	2

	11848837
	66
	11
	2
	578
	0
	2

	12627153
	104
	7
	2
	616
	0
	2

	15973061
	354
	2
	0
	866
	0
	1

	16006683
	269
	3
	0
	781
	0
	2

	17218737
	88
	12
	3
	600
	0
	6

	18164979
	121
	9
	2
	633
	0
	6

	19154065
	72
	17
	2
	584
	1
	1

	19995375
	375
	2
	4
	887
	0
	3

	20021155
	465
	1
	6
	977
	0
	2



Observation 1: 
Increasing
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to values ≥ 549 can result in configurations where two cells 




with different 
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have the same scrambling seed cinit in certain time slots/OFDM symbols.

2.2

Modified cinit to allow an increased value range for 
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With the current design of the scrambling sequence initialization seed cinit, the number of PRS-IDs 
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is limited, which could create difficulties in dense networks where the UE can potentially hear many cells, and many candidate neighbour cells exist in the assistance data list (e.g., assistance data list of up to 72 cells [4]). PCI ambiguity problems can already be observed in ideal simulations scenarios where ~10 small cells per cluster are simulated [5]. In addition, with RRHs, small cells, and PRS-TBS transmission points (TPs), it may be beneficial for the network planning and operation to assign dedicated PRS‑ID value ranges to certain classes of PRS TPs; e.g., macro eNBs with 
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, RRHs, small cells, PRS‑TBS TPs with 
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. A PRS-ID value range for a certain class of TPs could also be used to identify the TP class. E.g., the UE could know from the PRS-ID whether the TP is a PRS-TBS TP, and therefore, may not expect PSS/SSS/CRS/PBCH being present. If OTDOA support on the additional TPs (e.g., RRHs, small cells, TBS-TPs) are "switched on", the legacy PCI network planning would not need to be changed (i.e., positioning would not affect PCI planning), since additional PRS-IDs would be available to configure the PRS on these additional TPs. 
The cinit consists of 4 parts, as illustrated in Figure 2 below: 

1. 1-bit CP length indication (LSB at 20):
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2. 9-bit (V-)PCI (LSB at 21):
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3. 18-bit field (LSB at 210)
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4. 3-spare bits with value zero (LSB at 228).
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Figure 2: Structure of cinit.
The (V-)PCI 
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) is part of the 9-bit and 18-bit field. Increasing the (V-)PCI to > 511 would affect both, the 9‑bit Cell‑ID field and the 18-bit field, which would result in the behaviour observed in section 2.1 above.
However, for creating orthogonal PRS sequences, the 18-bit field does not need to be increased when (V-)PCI >511. The currently 3-spare bits (bits 28-31) can be used to increase the
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from currently 9-bits to 12-bits. This would result in a 12-bit (V-PCI), or
[image: image41.wmf]4095

PRS

ID

£

N

; i.e., an 8 times increase of possible (V-)PCI values. 

For backwards compatibility, the structure of cinit as illustrated in Figure 2 above cannot be changed (e.g., the simplest solution may be to shift the 18-bit field 3-bits to the left). Therefore, the 12-bit (V-)PCI 
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need to be split into 9-bit LSBs and 3-bit MSBs, and the 3-bit MSBs can be used to fill the currently 3-spare bits 28-31, as illustrated in Figure 3 below.
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Figure 3: Structure of cinit with increased (V-)PCI range. 
The 4 parts of cinit would then consist of: 

1. 1-bit CP length indication (LSB at 20):
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2. 9-bit LSBs of V-PCI (LSB at 21):
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3. 18-bit field (LSB at 210)
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4. 3-bit MSBs of V-PCI (LSB at 228):
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The above is backwards compatible with the PCI value range of 0…503; i.e., all 4 fields above result in the same value as currently defined.
In summary:
	6.10.4.1
Sequence generation

The reference-signal sequence 
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 is defined by
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where 
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 is the slot number within a radio frame, 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 is defined in clause 7.2. The pseudo-random sequence generator shall be initialised with 
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at the start of each OFDM symbol where 
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The quantity 
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 unless configured by higher layers.
6.10.4.2
Mapping to resource elements
[…] the cell-specific frequency shift is given by 
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With the introduction of the PRS-ID, the PRS generation is now decoupled from the PCI of a cell. This allows various new use cases, e.g.:

1. Shared Cell-ID scenario.
Heterogeneous network deployment with additional TPs (e.g., low power RRHs) within the macrocell coverage, and where these additional transmission points have the same cell ID as the macro cell.

Each TP can have a different PRS-ID assigned, independent of the PCI. Therefore, the additional TPs can now be exploited for RSTD measurements.
2. PCI ambiguity in dense networks.
In dense urban networks (e.g., with many small cells) and proper muting pattern planning, a UE may potentially hear many neighbour cells, and the assistance data neighbour cell list may contain many candidate cells with the same PCI. 

Each cell can have a different PRS-ID assigned, independent of the PCI. Therefore, even if a PCI ambiguity problem would exist, a PRS-ID ambiguity problem can be avoided due to a sufficient number of available values for the PRS‑ID. 
3. PRS-based Terrestrial Beacon System (TBS).
The PRS-based TBS TPs would be additional TPs (similar to e.g., small cells) which additionally contribute to the PCI ambiguity problem (item 2 above). 
Each PRS-TBS TP can have a different PRS-ID assigned, which is different from any "normal cell" in the network. 
3.

Summary

In this contribution we investigated the value range for the PRS-ID
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. The following is proposed:

Proposal 1: Define the value range for 
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 between 0 and 4095. 


Proposal 2: Inform RAN2 and RAN3 of the RAN1 agreement.
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