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Introduction
A new work item on “NR positioning support” was approved in RAN#83 and the following agreements were made in RAN1#97 [1] and RAN1#98 [2].
Agreement:
SRS transmissions for positioning are realized with staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· FFS: construction of the pattern inside the SRS resource structure

Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15


Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset  range of {0,1,…,13}.

Agreement:
For positioning, with regard to UL Beam management/alignment towards serving and neighbouring cells, at least the following (option 2 from prior agreement) can be used:
· UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources
· FFS: other options

Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15).
Agreement:
· The RE pattern of an SRS resource for positioning is configured with a comb offset for the first symbol in an SRS resource. 
· The relative RE offsets of following symbols are defined relative to the comb offset of the first symbol in the SRS resource. 
· A relative RE offset of each of the following symbols is derived from the configured number of symbols for an SRS resource, the comb size for the SRS resource and the SRS symbol index within the SRS resource.
· FFS: The use of the following for deriving the relative offset in addition to the above
· A configurable number of consecutive symbols with the same offset
· Repetition factor
· No additional parameters will be considered

Conclusion:
No additional comb sizes for SRS for positioning purposes will be introduced in Rel-16 beyond those already agreed.

Conclusion:
No additional number of symbols per SRS resource other than the values already agreed is supported
In this contribution, we discuss the UL reference signals design for NR positioning as well as the design principles for DL&UL based positioning schemes.
NR UL PRS design
1 
2 
2.1 
2.2 
UL PRS pattern
The specific PRS pattern is determined by relative RE offset of the following symbols to the RE Offset in frequency domain of the first symbol. The number of symbols in one PRS resource, denoted as Ns, can be different for different UEs. However, in order to maintain the orthogonality between these PRS from different UEs, for the same symbol the PRS pattern should keep unchanged. In such a case, we can adopt the simple diagonal PRS pattern with relative RE offset always fixed to 1. However, PRS should be uniformly distributed in the frequency domain as much as possible. Simple diagonal PRS pattern cannot fulfill this requirement. In such a case, we can adopt the pattern shown in Fig. 1. One benefit of such pattern is that when the number of symbols is equal to the comb size, denoted as Nc, PRS occupies all the subcarriers. 
[image: ]
Fig. 4 Uniform PRS pattern (Ns=4, Nc=4)

Proposal 1: The following Alts for PRS pattern should be supported and there is no need to consider additional parameters
· Alt1: diagonal PRS pattern with RE offset relative to the first symbol of the PRS resource as below


· Alt2: uniform PRS pattern with RE offset relative to the first symbol of the PRS resource as below


[bookmark: _GoBack]where v0 is the RE offset of the first symbol and 0<i<Ns.
BWP configuration
A UE can be configured with up to 4 BWPs but only one BWP can be activated at one time. Even though UE might be capable of operating outside the BWP, it is not required to do so. As aforementioned, one of the main benefits for positioning using SRS is that SRS is an existing and well defined reference signal in NR thus the specification effort is minimal. SRS can be used for positioning without disturbing the data/control information transmission by the UE. In this regard, the simplest solution is to configure the SRS in the active BWP for arrival time difference measurement. Another benefit of such solution is that different UEs may have different BWPs with different frequency location so that the interference from other UEs can be mitigated or randomized. However, similar to OTDOA, the time difference measurement accuracy may depend on many factors such as available bandwidth, subcarrier spacing and carrier frequency. The BWPs configured to a single UE may have different numerology, bandwidth, etc. With larger subcarrier spacing and shorter symbol duration, the timing measurement step gets smaller and it will generally lead to improved positioning accuracy. It might be necessary to configure a wider bandwidth or subcarrier spacing to meet the positioning accuracy target. In this regard, a BWP different from current active BWP, e.g., the BWP with the largest bandwidth or subcarrier spacing, can be configured to the UE for arrival timing measurement to achieve more accurate positioning. Such BWP can either be from the existing BWPs or a new dedicated BWP.
Proposal 2: For the BWP configuration of NR UL PRS, e.g. SRS, both solutions as follows should be supported
· Alt1: SRS is configured within the active UL BWP;
· Alt2: SRS is configured in a dedicated BWP with the largest bandwidth or subcarrier spacing.
Cyclic shift
It has been agreed in [1] that the SRS comb size set is extended from {2,4} to {2,4,8}. In Rel-15, the max number of cyclic shifts for comb-2 and comb-4 is 8 and 12 respectively, while the max number of cyclic shifts for comb-8 is undefined. An example possible value for the max number of cyclic shifts of comb-8 can be 6. 
Proposal 3: The max number of cyclic shifts of comb-8 is 6.
Other enhancements
Physical layer procedures may need to be further enhanced to guarantee the measurement of UL PRS. In our companion contribution [3], we have discussed power control, timing advance and beam sweeping and alignment with the following proposals.  
Proposal 4: In order to improve the hearability of UL PRS, both open loop and closed loop power control can be considered
· For open loop power control, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier;
· For closed loop power control, UE can receive multiple TPCs from multiple TRPs/gNBs and adjust its transmission power based on the received TPCs, e.g., maximum power, average power;
· The number of measurements for pathloss should not be limited.
· A fall-back mechanism where UE always transmits with maximum power should also be supported, where the UE transmit with its maximum transmission power.
Proposal 5:  The propagation delay difference between the serving cell and the neighbor cells can be handled in the following ways.
· Adjustment of measurement window;
· Adjustment of TA value based on multiple propagation delays and such adjustment should be indicated by the network.
NR DL&UL positioning
For gNB measurement, UL PRS, e.g., SRS, is configured by the serving gNB but should be measured not only by the serving gNB but also the neighboring gNBs. The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
Proposal 6: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS..
Conclusions 
In this contribution, we discussed the UL reference signals design for NR positioning as well as the design principles for DL&UL based positioning schemes. Our observations and proposals are summarized below.
Proposal 1: The following Alts for PRS pattern should be supported and there is no need to consider additional parameters
· Alt1: diagonal PRS pattern with RE offset relative to the first symbol of the PRS resource as below


· Alt2: uniform PRS pattern with RE offset relative to the first symbol of the PRS resource as below


where v0 is the RE offset of the first symbol.
Proposal 2: For the BWP configuration of NR UL PRS, e.g. SRS, both solutions as follows should be supported
· Alt1: SRS is configured within the active UL BWP;
· Alt2: SRS is configured in a dedicated BWP with the largest bandwidth.
Proposal 3: The max number of cyclic shifts of comb-8 is 6.
Proposal 4: In order to improve the hearability of UL PRS, both open loop and closed loop power control can be considered
· For open loop power control, UE can transmit based on the weakest link of surrounding TRPs/gNBs as long as it is lower than the maximum allowed transmit power per carrier;
· For closed loop power control, UE can receive multiple TPCs from multiple TRPs/gNBs and adjust its transmission power based on the received TPCs, e.g., maximum power, average power;
· The number of measurements for pathloss should not be limited.
· A fall-back mechanism where UE always transmits with maximum power should also be supported, where the UE transmit with its maximum transmission power.
Proposal 5:  The propagation delay difference between the serving cell and the neighbor cells can be handled in the following ways.
· Adjustment of measurement window;
· Adjustment of TA value based on multiple propagation delays and such adjustment should be indicated by the network.
Proposal 6: The configuration of UL PRS should be exchanged between serving gNB and neighboring gNBs via X2 interface so that the neighboring gNBs know when and where exactly to measure UL PRS.
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