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[bookmark: _Ref494215420]Introduction
In 3GPP RAN1 #96bis[1], the new DL PRS design for NR positioning was discussed, and the following agreements was made regarding DL PRS.
	Agreement:
· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID
· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP
· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)
· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 

Agreement:
· DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1
· FFS: cinit value for DL PRS
· QPSK modulation is used for the DL PRS signal transmitted using CP-OFDM
· FFS: Whether a DL PRS sequence generated using a different mechanism is also specified

Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern

Agreement:
DL PRS configuration including DL PRS transmission schedule is to be indicated to the UE for DL PRS positioning measurements
· The UE is not expected to perform any blind detection of DL PRS configurations

Agreement:
Number of DL PRS Sequence IDs is at least 4096

Agreement:
Support of numerologies (CP length and sub-carrier spacing) for the DL PRS is the same as for data transmissions in Rel-15. 

Agreement:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.


In this contribution, we firstly make some proposal for NR downlink new positioning reference signals design. Then, we discuss whether and which Rel-15 NR reference signals can be used for DL positioning.
NR DL positioning reference signal design 
Consideration on new DL positioning reference signal design
In RAN1 #96bis[1], a comb-N resource element pattern per DL PRS resource was supported, and the specific pattern needs further research. If necessary, we can refer to LTE PRS pattern design.
LTE PRS is well designed to support OTDOA based positioning solution early in LTE Rel-9. During the discussion on LTE positioning, various parameters were well analyzed and optimized to guarantee that the specified PRS design can achieve accurate RSTD measurement. For example, LTE PRS used a staggered pattern within a slot, there was a fixed frequency shift between adjacent OFDM symbols in order to achieve a good correlation property. We believe that a staggered pattern also need to be supported for NR PRS pattern design.
Proposal 1: A staggered pattern needs to be supported for NR PRS pattern design.
From the previous meeting, NR PRS can span N consecutive OFDM symbols (N>=1) within a slot, but the specific N value is not determined. In order to improve positioning accuracy, it is possible to configure the maximum number of OFDM symbols within a NR PRS resource to the entire slot. In order to reduce the complexity of PRS configuration, we can generate a fixed PRS pattern within an entire slot by a formula, and we can obtain a PRS pattern in Figure 1-1 where the frequency shift is equal to -1(the frequency shift can be configured to other values). In the actual transmission process, the starting symbol within a slot and time duration can be configured for a dedicated PRS, for example the starting symbol  and the duration , we can get the actual transmission PRS pattern as show in Figure 1-2.


             
Figure 1-1: A fixed NR PRS pattern within a slot           Figure 1-2: An actual NR PRS pattern 
Proposal 2: It is possible to configure the maximum number of OFDM symbols within a NR PRS resource to the entire slot
Consideration on reusing Rel-15 reference signals
Based on the WID, whether and which Rel-15 reference signals can be used for DL-only based positioning could be further discussed. We believe that if an existing Rel-15 reference signal is used as the NR positioning, the same design principle which has been described in proposal 1 should also be considered. 
As for Rel-15 NZP CSI-RS with single antenna port, it has a com-4 structure for , and the periodicity and offset are well defined for each CSI-RS. In some aspects, we believe that the CSI-RS has the possibility of being a NR positioning reference signal. However, a signal antenna port CSI-RS only occupied one OFDM symbol within a slot which cannot ensure positioning accuracy, and it can’t form a staggered structure neither.  In order to effectively reuse Rel-15 CSI-RS, some enhancement needs to be adapted.
We can use multiple NZP CSI-RS resources within a CSI-RS resource set to form an NR PRS pattern within a slot. For example, CSI-RS for positioning can be defined in CSI-RS resource set, and all the CSI-RS within the set share a common antenna port. From the LTE PRS pattern design, we know that the REs for NR-PRS should occupy different REs in different OFDM symbols and the REs in each OFDM symbol should be uniformly distributed over RBs for good correlation property. So a staggered comb-4 can be constructed with several CSI-RS resources within a set. Firstly, we can obtain the first CSI-RS RE location from CSI-RS resource mapping for the first NZP CSI-RS, while the other CSI-RS resource mapping only need to configured by a time duration and frequency shift within the CSI-RS resource set instead of using CSI-RS resource mapping IE. For example, we can obtain the PRS pattern with frequency shift of -1 and time duration of 5, as show in Figure 2.


Figure 2: A staggered comb-4 structure NR PRS combined with several CSI-RS resources
Proposal 3: NR positioning RS pattern can be formed by multiple Rel-15 CSI-RS resources within a CSI-RS resource set.

Conclusion3
In this contribution, we made the following proposal:
Proposal 1: A staggered pattern needs to be supported for NR PRS pattern design.
Proposal 2: It is possible to configure the maximum number of OFDM symbols within a NR PRS resource to the entire slot.
Proposal 3: NR positioning RS pattern can be formed by multiple Rel-15 CSI-RS resources within a CSI-RS resource set.
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