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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The procedure design for positioning has reached the following agreement in previous meeting,
	Agreement:
The potential physical layer procedures to support UE/gNB measurements for NR positioning may include:
1.	UE procedures for receiving DL PRS, including
a.	DL PRS timing aspects
b.	Bandwidth part operation
c.	Beam management aspects
d.	Measurement/reporting related aspects
2.	UE procedures for transmitting UL PRS, including
a.	Transmission timing and timing adjustments
b.	Power control
c.	Beam management aspects
3.	gNB procedures to support NR positioning measurements, including
a.	DL PRS configuration aspects
b.	UL PRS configuration aspects
c.   Beam management aspects
d.	Measurement/reporting related aspects

Agreement:
For intra-frequency measurements:
· The UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap.
· Select from one of the following options for the measurement bandwidth
· Option 1: The UE measurement is within the DL BWP configuration
· Option 2: The UE can measure outside the DL BWP configuration
· FFS: Scenarios when measurements gaps would need to be configured. 
· When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP.

Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, consider one or more of the following options:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter. 
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.

Agreement:
For positioning purposes, with regard to the UL SRS transmission timing, at least the following options have been identified:
· Option 1: No adjustment is made to the configured TA. That is, support only a TA configuration which is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols).
· Option 2:  The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value can be provided by the UE to the network upon request.
· Note: The adjustment value is not needed to be known at the measuring cell for the purpose of UL-AoA measurement
· Option 3: The configured TA can be adjusted for the purpose of transmitting UL SRS intended to a neighboring cell. The adjustment value is provided by the network to the UE.

Agreement:
For positioning purposes, with regards to the UL SRS transmission power, at least the following options have been identified:
· Option 1: The UL SRS Tx power is constant (i.e., no power control is supported). 
· FFS: The value of the constant Tx power and how it is determined
· Option 2: The UL SRS Tx power is based on the existing power control procedure.
· Option 3: The UL SRS Tx power is determined by modifying the existing power control procedure, for example:
· Support configuring a DL reference signal of a neighboring cell to be used for SRS path loss estimation. 
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS).
· FFS: which power control modes are supported (e.g., open loop only, or open loop and closed loop).

Agreement:
For positioning purposes, with regard to UL Beam management/alignment towards serving and neighbouring cells, consider one or more of at least the following options:
· Option 1:  Support configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· FFS: Which Reference DL RS can be used (e.g., SSB/CSI-RS/DL-PRS).
· Option 2: Support UE Tx beam-sweeping on UL SRS transmissions across multiple UL SRS Resources.
· Option 3: The Tx beam is fixed for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS: How the fixed beam is selected



In this contribution, we express our view for the issues.

2 UE reception procedure
2a BWP operation
In 38.133, there are the following description related to intra-frequency measurement, SMTC, BWP and measurement gap,
	A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSB are also the same


	The UE can perform intra-frequency SSB based measurements without measurement gaps if
-	the SSB is completely contained in the active BWP of the UE, or
-	the active downlink BWP is initial BWP.
For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in section 9.2.5.3


	SSB based measurements are configured along with one or two measurement timing configuration(s) (SMTC) which provides periodicity, duration and offset information on a window of up to 5ms where the measurements are to be performed. For intra-frequency connected mode measurements, up to two measurement window periodicities may be configured



First, it is seen that, the intra-frequency measurement is defined for SSB measurement. The PRB based intra-frequency measurement should also be defined accordingly. 

We have the following proposal:
Proposal 2a-1: A measurement is defined as a PRS based intra-frequency measurement provided the center frequency of the PRS of the serving cell indicated for measurement and the center frequency of the PRS of the neighboring cell are the same, and the subcarrier spacing of the two PRS are also the same


The current specification indicates that, for SSB based intra-frequency measurement, as long as SSB is not completely within the active BWP, the measurement is performed within the measurement gaps. It is due to the need of BWP switching of the UE. When SSB is completely within the active BWP, the measurement can be performed without the gaps. We would like to further investigate the need of the measurement gaps for PRS based intra-frequency measurement.

BWP switching includes, the adjustment of center frequency and/or the bandwidth adaptation. The bandwidth adaptation and without the adjustment of center frequency may require a shorter time period. In R4-1702029, there is the following observation,
	–      Transition time (RF aspects) 
•       For intra-band operation, at least for sub6, the transition time can be up to 20 µs if the center frequency is the same before and after the bandwidth adaptation, regardless other conditions listed in the LS 


PRS would be configured with wider transmission bandwidth than SSB. For PRS based intra-frequency measurement, it is very possible that the active BWP may not fully cover all the PRS transmission bandwidth, and the BWP switching in this case actually doesn’t need to adjust the center frequency, instead only the RF filter bandwidth adjustment (bandwidth adaption) is needed. The new BWP for PRS measurement also includes the original (active) BWP BW.
There is a case that only one BWP is configured to the UE, and the BWP switching is through the RRC re-configuration. Then, it is possible that the DL active BWP is small before the PRS measurement.

A small time period for transition is needed for bandwidth adaptation without center frequency change. The issue is, the current agreement indicates in below that, the PRS measurement needs to be performed within the measurement gap for larger measurement bandwidth even though a small transition time period for bandwidth adaptation is required,
	Agreement:
For intra-frequency measurements:
· The UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap.
· Select from one of the following options for the measurement bandwidth
· Option 1: The UE measurement is within the DL BWP configuration
· Option 2: The UE can measure outside the DL BWP configuration
· FFS: Scenarios when measurements gaps would need to be configured. 
· When not configured with a measurement gap, the UE is only required to measure DL PRS within the active DL BWP and with the same numerology as the active DL BWP.



In other words, for intra-frequency measurement, the PRS measurement needs to be performed within the measurement gaps, if the UE wants to measure PRS which has wider transmission bandwidth than active DL BWP. If the PRS measurement is performed without gaps, the UE is limited to measure PRS within the active DL BWP.  

Assigning more measurement objects to be measured within the measurement gaps may lead to the increase of measurement gap occasions by shortening the periodicity and/or the increase of the reporting delay of the measurement. Note that the network may only provide a single per-UE measurement gap pattern for concurrent monitoring of all frequency layers.

So we would like to consider PRS based intra-frequency measurement without gaps by incorporating the short transition time for bandwidth adaption without center frequency change.
An example is given in Fig. 1, showing that when performing the neighbouring cell PRS measurement in slot N, the PDSCH duration in slot N-1 can be shortened so that the UE may have one or two symbol time for bandwidth adaption. If there is PDSCH scheduling in slot N+1, the type-B PDSCH transmission can be applied so that the UE may have one or two symbol time to switch back to the original active DL BWP.
 
  [image: ]
Figure 2a-1,

Observation 2a-1: BWP adjustment includes, the adjustment of center frequency and/or the bandwidth adaptation

Observation 2a-2: For intra-frequency measurement, the PRS measurement needs to be performed within the measurement gaps, if the UE wants to measure PRS which has wider transmission bandwidth than active DL BWP. If the PRS measurement is performed without gaps, the UE is limited to measure PRS within the active DL BWP

Observation 2a-3: A small period time for transition is needed for bandwidth adaptation without center frequency change. The current agreement indicates that, the measurement needs to be performed within the measurement gap for larger measurement bandwidth even though a small transition time period is required

Observation 2a-4: PRS based intra-frequency measurement needs to be defined

Observation 2a-5: PRS based measurement timing configuration needs to be defined

Observation 2a-6: According to 38.133, the network must provide a single per-UE measurement gap pattern for concurrent monitoring of all frequency layers if the UE does not support independent measurement gap patterns for different frequency ranges

Observation 2a-7: Assigning more measurement objects to be measured in the measurement gaps may lead to the increase of measurement gap by shortening the periodicity and/or the longer reporting delay of the measurement

Proposal 2a-1: A measurement is defined as a PRS based intra-frequency measurement provided the center frequency of the PRS of the serving cell indicated for measurement and the center frequency of the PRS of the neighboring cell are the same, and the subcarrier spacing of the two PRS are also the same

Proposal 2a-2: For measuring wider PRS transmission bandwidth than active DL BWP, consider the mechanism to facilitate PRS based intra-frequency measurement without gaps by incorporating the short transition time for bandwidth adaption without center frequency change 


2b DL PRS timing
The NR DL PRS time domain behaviour at least supports periodic configuration. In LTE, the starting symbol is symbol 3 (index from 0) for PRS transmission in a subframe. By considering the property of multiple symbols transmission for PRS and the orthogonal transmission between different TPs, we propose the following transmission timing in NR,
· Support the PRS transmission to start from symbol 0
· Allow multiple pre-configured starting positions for transmission in a slot to facilitate TDM transmission among TPs
Note that through the proper TDM among multiple transmissions, the interference level observed at the UE can be reduced and therefore there is no need to configure longer PRS duration. So multiple starting positions, instead of one, are feasible.

Proposal 2b-1: Support the PRS transmission to be able to start from symbol 0

Proposal 2b-2: Allow multiple pre-configured starting positions for transmission in a slot to facilitate TDM transmission among TPs 

2c Beam management aspect
In previous meeting, there is the following agreement related to the DL beam management,
	Agreement:
For positioning purposes, to assist UE to perform Rx beamforming, consider one or more of the following options:
· Option 1: The DL PRS can be configured to be QCLed Type D with a DL Reference Signal from a serving or neighboring cell.
· Discuss further which DL reference signal can be used (e.g., SSB, CSI-RS, DL-PRS).
· Option 2: The UE may perform a Rx beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter.
· Option 3: The UE may use a fixed Rx beam to receive DL PRS resources which are transmitted with different downlink spatial domain transmission filter. 
· FFS: Whether this option can be achieved by Option 1
· FFS on specification impacts.



For option 1, it can be explained at that whether it is feasible to configure QCL source to provide type-D (RSRP) measurement for PRS acting as QCL target. In our view, the coarse timing should have been acquired based on the non-optimized RX filter coefficients (coarse beam), and the further RX filter coefficients adjustment (refined beam) can be conducted based on the known timing. So basically, the receive beam adjustment is meaningless if there is no timing information. From UE perspective, the timing search and beam adjustment are iteratively performed.

To configure type-D QCL for PRS, the prerequisite is that the timing should have been identified. The PRS signal itself can also be used for the receive beam adjustment. The suitable QCL source for PRS, should be SSB which is able to simultaneously provide type-C and type-D measurement, if detectable. 

It is good to have SSB as type-C and type-D QCL source, but there are some conditions to prohibit this,
· In LTE, the number of PRS IDs is increased to 4096 for considering the TBS of PRS only transmission. In NR, the SSB ID number is 1008 and if the PRS ID number equal to 4096 is also considered, the QCL source for PRS may not be defined for all the IDs
· The PRS transmission from a cell can be protected under the slot without data transmission for all the coordinated cells, and with the PRS muting from some cells in order to improve the hearability. So it is very likely that the PRS can be received whereas the SSB can’t even be detectable, from the same neighbouring cell

So, the QCL relation can be defined under the condition that if SSB is detectable.
[bookmark: _GoBack]For option 2, a PRS source (a beam) may consist of reference signal allocated in several symbols for transmission. So it is up to UE implementation for the further beam refinement. Such autonomous beam refinement has no specification impact

Option 3 is the UE behaviour to realize the DL angle based measurement. Fig. 2c-1 shows the example, where each UE uses the same RX beam to receive multiple TX beams for RSRP measurement, and the measured number of RSRPs provides the signature to identify the direction between the TP to the UE.

The behaviour of “use the same RX beam to receive multiple TX beams for RSRP measurement” needs to be described in the specification. For the UE to be able to perform RSRP measurement, a coarse wide RX beam has been formed for reception. The basic timing search and energy detection have also been done. So the UE has known which TX beam can be received with better power. 

For the following multiple-beam RSRP measurement, the RX beam needs to at least receive the best TX beam which is identified in previous stage. Different UE may see different best TX beam, and it may not be possible that all the UEs can detect all the TX beams.

We consider the following wordings to describe the behaviour,
· For DL-AoD measurement, the UE shall not assume that the PRS resources for measurement are transmitted with the same downlink spatial domain transmission filter. The UE may also assume that the PRS resources for measurement are quasi co-located with 'QCL-TypeD' for each other
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Fig. 2c-1, 

Observation 2c-1: No spec impact on the RX beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter

Proposal 2c-1: Define SSB as type-C and type-D QCL source for PRS, with transmission from the same cell and if SSB is detectable

Proposal 2c-2: To address the behaviour of “use the same RX beam to receive multiple TX beams for RSRP measurement”, the following wordings are proposed: “For DL-AoD measurement, the UE shall not assume that the PRS resources for measurement are transmitted with the same downlink spatial domain transmission filter. The UE may also assume that the PRS resources for measurement are quasi co-located with 'QCL-TypeD' for each other”

3 Conclusion
Based on the above, we have,

Observation 2a-1: BWP adjustment includes, the adjustment of center frequency and/or the bandwidth adaptation

Observation 2a-2: For intra-frequency measurement, the PRS measurement needs to be performed within the measurement gaps, if the UE wants to measure PRS which has wider transmission bandwidth than active DL BWP. If the PRS measurement is performed without gaps, the UE is limited to measure PRS within the active DL BWP

Observation 2a-3: A small period time for transition is needed for bandwidth adaptation without center frequency change. The current agreement indicates that, the measurement needs to be performed within the measurement gap for larger measurement bandwidth even though a small transition time period is required

Observation 2a-4: PRS based intra-frequency measurement needs to be defined

Observation 2a-5: PRS based measurement timing configuration needs to be defined

Observation 2a-6: According to 38.133, the network must provide a single per-UE measurement gap pattern for concurrent monitoring of all frequency layers if the UE does not support independent measurement gap patterns for different frequency ranges

Observation 2a-7: Assigning more measurement objects to be measured in the measurement gaps may lead to the increase of measurement gap by shortening the periodicity and/or the longer reporting delay of the measurement

Observation 2c-1: No spec impact on the RX beam sweeping on DL PRS resources which are transmitted with the same downlink spatial domain transmission filter

Proposal 2a-1: A measurement is defined as a PRS based intra-frequency measurement provided the center frequency of the PRS of the serving cell indicated for measurement and the center frequency of the PRS of the neighboring cell are the same, and the subcarrier spacing of the two PRS are also the same

Proposal 2a-2: For measuring wider PRS transmission bandwidth than active DL BWP, consider the mechanism to facilitate PRS based intra-frequency measurement without gaps by incorporating the short transition time for bandwidth adaption without center frequency change

Proposal 2b-1: Support the PRS transmission to be able to start from symbol 0

Proposal 2b-2: Allow multiple pre-configured starting positions for transmission in a slot to facilitate TDM transmission among TPs

Proposal 2c-1: Define SSB as type-C and type-D QCL source for PRS, with transmission from the same cell and if SSB is detectable

Proposal 2c-2: To address the behaviour of “use the same RX beam to receive multiple TX beams for RSRP measurement”, the following wordings are proposed: “For DL-AoD measurement, the UE shall not assume that the PRS resources for measurement are transmitted with the same downlink spatial domain transmission filter. The UE may also assume that the PRS resources for measurement are quasi co-located with 'QCL-TypeD' for each other”
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