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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we present our views on various aspects of SRS design for NR positioning. Some related UE behaviors and physical layer procedures for UL-based positioning are discussed in our companion paper [1].
Discussion
Construction of the staggered pattern inside the SRS resource structure
	Agreement [2]:
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



Staggered SRS resource mapping was agreed in RAN1 97. As Rel. 15 supports only the non-staggered SRS resource mapping, a new SRS resource mapping equation should be agreed to support both Rel. 15 (non-staggered) and Rel. 16 (staggered) SRS resource mappings.  We believe that the first step to develop and agree on such an equation is to clarify how much flexibility is supported in the newly-agreed staggered resource mapping.  To this end, we first describe and justify the need to support three types of resource mapping: non-staggered, fully-staggered, and partially-staggered. Some examples are also provided for each type of resource mapping:
· Non-staggered resource mapping: This is Rel. 15 resource mapping. Let   and denote the transmission comb number and the number of consecutive OFDM symbols of the SRS resource, respectively. In non-staggered resource mapping, SRS is mapped to only one RE in every consecutive REs within the SRS bandwidth over all symbols of the SRS resource. Figure 1 shows two examples of non-staggered resource mapping with and  (left) and  (right). Clearly, as SRS resources with usages other than the positioning are mapped using the non-staggered resource mapping, Rel. 16 SRS resource mapping equation should support the non-staggered resource mapping. 
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[bookmark: _Ref16085752][bookmark: _Ref16085742]Figure 1: Non-staggered resource mapping with  and  (left) and  (right).
· Fully-staggered resource mapping: In fully-staggered resource mapping, SRS is mapped to all REs within the SRS bandwidth over all symbols of the SRS resource. In other words, there is no RE within the SRS bandwidth on which SRS is not mapped at least at one SRS symbol. Figure 2 shows three examples of fully-staggered resource mapping with  and  (left and middle) and and  (right). Our understanding is that there is a consensus that fully-staggered resource mapping should be supported in Rel. 16 as it provides minimal number of aliased correlation peaks over a SRS search window.  
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[bookmark: _Ref16088481]Figure 2: Fully-staggered resource mapping with  and  (left and middle) and and  (right).
· Partially-staggered resource mapping: In partially-staggered resource mapping, SRS is mapped to  REs in every consecutive REs within the SRS bandwidth over all symbols of the SRS resource where . Figure 3 shows three examples of partially-staggered resource mapping with  and  (left),  and  (middle) and and  (right). We believe that partially-staggered resource mapping should also be supported due to at least the following reasons: 
· Providing support for SRS resource mapping for all agreed  and  values: Fully staggered resource mapping is not possible when (see, for instance, the figure to the right in Figure 3). One approach to get around this problem is to configure SRS for the positioning purposes with the additional constraint of. However, this unnecessarily reduces the SRS resource mapping flexibility. Moreover, in our view, such an approach is a malpractice as the parameters that are related to the SRS resource mapping in 38.211 are usage-independent.  Alternatively, one can support partially-staggered resource mapping without any restriction on  relative to . Note that partially-staggered resource mapping shows better aliased correlation peak properties than the Rel. 15 non-staggered resource mapping.  
· Providing Rel. 15 and Rel. 16 SRS resource mapping compatibility: Partially staggered resource mapping can be used to concurrently support SRS resource mapping for both Rel. 15 usages and the Rel. 16 positioning usage. As an example, see the figure in the middle of Figure 3 where the first two SRS symbols and the second two SRS symbols of the 4-symbol partially-staggered positioning SRS resource can be treated as two 2-symbol non-staggered SRS resources with Rel.15 SRS usages. A similar argument applies to the resource mapping depicted in the left figure in Figure 3.
· Reducing SRS transmission overhead: One advantage of concurrently supporting SRS resource mapping for both Rel. 15 usages and the Rel. 16 positioning purpose is reducing the SRS transmission overhead.  For instance, consider the scenario that UE is required to send two 4-symbol SRS resources for Rel. 15 usages and one 8-symbol SRS resource for Rel. 16 positioning purpose.  Instead of sending 3 different resources that occupy overall 8+4+4=16 symbols over the three SRS transmissions, UE can be configured with one 8-symbol partially staggered SRS resource as shown at the left figure of Figure 3; resulting in 50% overhead reduction in the SRS transmission. 
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[bookmark: _Ref16086448]Figure 3: Partially-staggered resource mapping with  and  (left),  and  (middle) and and  (right).
Based on the above discussion, we propose the following:
Proposal 1: Support both partially-staggered and fully-staggered SRS resource mappings in Rel. 16.
For a given pair of and , fully-staggered resource mapping may be realized in multiple ways. For instance, see the left figure and the middle figure in Figure 2 that show two different realizations of the fully-staggered resource mapping for  and . In the left figure of Figure 2, starting from the first SRS symbol, every consecutive symbols have the same SRS mapping in the frequency domain. In other words, starting from the first SRS symbol, the same set of resource elements are occupied by the SRS sequence in every consecutive symbols.  In turn, in the middle figure of Figure 2, every symbol has a SRS mapping in the frequency domain that is different from the immediately preceding symbol (i.e. ). Note that each of the two resource mappings to the left and in the middle of Figure 2 has their own particular advantages: The resource mapping depicted at the left figure of Figure 2 () may be more appropriate in scenarios where the time domain averaging of the measurements over the same SRS resource results in a better estimation of the channel properties. This includes the high speed UE scenario.  Moreover, starting from the first SRS symbol, each of the two consecutive SRS symbols at the left figure of Figure 2 can be treated as a 2-symbol SRS resource for Rel. 15 usages.  In turn, the resource mapping depicted in the middle figure of Figure 2 ) may be used for fine tracking of the channel in the frequency domain as the SRS mapping in the frequency domain is repeated every 4 symbols within the SRS resource. Above discussion justifies the need for a configurable  in Rel. 16 SRS resource mapping design. 
A very similar argument as above also applies to the partially-staggered resource mapping; in particular, justifying the need for a configurable . Note also that without a configurable, it may not be possible to provide a partially-staggered resource mapping for some values of  and . For instance, a partially-staggered resource mapping can be realized by selecting  for  and   (see the middle figure in Figure 3) while selecting  for  and  results in a fully-staggered resource mapping.   
Finally, note that  can be selected to support Rel. 15 non-staggered resource mapping as, in such a case, starting from the first SRS symbol, all consecutive symbols would have the same SRS mapping in the frequency domain. 
In fact, for a given pair of and , non-staggered, partially-staggered, and fully-staggered resource mappings can be supported only by selecting different values for . This, of course, excludes “infeasible” cases, for instance, fully-staggered mapping with or partially-staggered mapping with  . Figure 4 shows non-staggered, partially-staggered, and fully-staggered resource mappings for  and  . As can be observed, non-staggered resource mapping (top left figure) is realized by selecting partially-staggered resource mappings (top middle and top right figures) are realized by selecting  and fully-staggered resource mappings (bottom figures) are realized by selecting . 
Above discussions show that, in Rel. 16 SRS mapping, a configurable  should be supported where, starting from the first SRS symbol, every consecutive symbols have the same SRS mapping in the frequency domain within the SRS resource. As discussed, reasons to support such a configurable  are as follows:
1) A configurable provides a flexibility in the staggered resource mappings for a given pair of and . Typically,  smaller values of  realize the resource mappings that are more appropriate for a fine tracking of the channel in the frequency domain while larger values of  realize the resource mappings that are more appropriate for measurement averaging in the time domain.
2) A configurable  provides the possibility of supporting partially-staggered resource mappings for various and . The need for supporting partially-staggered resource mappings is explained earlier in this section. 
3) A configurable  can support fully-staggered, partially-staggered, and non-staggered (Rel. 15) resource mappings for a given pair of and . This facilitates a single resource mapping equation for all supported SRS resource mapping types in Rel. 15 and Rel.16.  
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[bookmark: _Ref16154132]Figure 4: Non-staggered (top left), partially-staggered (top middle and right), and fully-staggered (bottom) resource mapping using different values of for  and 
Note that although the configurable should satisfy , it may be required to further constrain the acceptable values of  For instance,   should divide  to exclude the resource mappings wherein all symbol bundles in the SRS resource except the last bundle have the size  and the last symbol bundle has a size less than    Similarly, when intra-slot hopping is enabled,  may need to divide the repetitionFactor 
Based on the above discussion, we propose the following:
Proposal 2: To support non-staggered, partially-staggered, and fully-staggered resource mappings, starting from the first SRS symbol, every consecutive symbols have the same SRS mapping in the frequency domain where is a configurable parameter and 
· FFS: Further constraints on 

Additional values of SRS symbols in SRS resource
	Agreement [2]:
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



In Rel. 15 NR, the number of consecutive OFDM symbols in an SRS resource can be 1, 2, or 4. To increase the SRS coverage for positioning purposes,  were agreed to also be supported in RAN1 97. Moreover, supporting  was left for further studies. We do not see a strong justification to support . However, as the supported maximum value of  is 12, configuring a SRS resource with  in UL slots can further increase the SRS coverage. 
Proposal 3: Support the number of consecutive OFDM symbols of  . 
Additional comb sizes and cyclic shifts in SRS resource
	Agreement [2]:
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)



Combed SRS transmission is used to increase the SRS capacity and facilitate more UEs to transmit SRS on the same time resources. To further increase the SRS capacity for positioning purposes, in addition to the Rel. 15 comb sizes (transmission comb numbers) of , comb size of  has been agreed to be supported in RAN1 97 with additional comb sizes of  left FFS.  We do not see any strong justification to support.  Comb sizes of   and   provide additional SRS capacity compared to the Rel. 15 values of . However,  comb size of   already provides more SRS capacity gain than   and the additional SRS capacity gain provided by   does not seem to be necessary for positioning purposes considering the combined effects of currently-supported comb sizes and the available cyclic shifts on increasing the SRS capacity. Moreover, SRS sequences of length smaller than 36 are only available with lengths {6, 12, 18, 24, 30} ([3] Clause 5.2.2.2). However, if   is supported, new SRS sequences of lengths {4, 8, 16, 20, 28, 32} need to be designed. Similarly, if   is supported, efforts need to be made to design SRS sequences of lengths {8, 16, 32}. Overall, considering the limited remaining time in Rel. 16 WI, we do not see a compelling argument to support  which entails additional discussions regarding the SRS sequence design.
Proposal 4: SRS comb size of  is not supported. New SRS sequences of length less than 36 should be studied if SRS comb sizes of are supported.
Cyclic shifts are used to facilitate assigning time-delayed versions of the same SRS sequences to different ports and/or users on the same time-frequency resources; effectively increasing the SRS capacity. Maximum number of the available cyclic shifts should be determined so that when two UEs send two different cyclically-shifted versions of the same SRS sequence, they are distinctly received at a common target receiver. To guarantee that the above condition is satisfied, should be upper-bounded by  where  is the transmission comb number,  is the sub-carrier spacing of the SRS, and  is the maximum delay of the channel (including the propagation delay) experienced by either of the two UEs. 
In RAN1 97,  has been agreed for positioning purposes in additional to the Rel. 15 values of  . Note also that, in contrary to Rel. 15 usages, SRS for positioning may need to be detected at neighboring cells whose distance to the UE are typically far larger than that of the serving cell to the UE. The combined effects of a longer maximum delay spread of the channel  and a larger   negatively impacts the maximum number of available cyclic shifts . While system-level simulations may need to be carried out to determine  for  used in positioning, considering the fact that  for , it seems that  for  would be a reasonable value. 
Proposal 5: Support the maximum number of cyclic shifts for the transmission comb number of .
SRS beam management/alignment 
	Agreement [2]:
For positioning purposes, for UL Beam management/alignment towards serving and neighbouring cells, the following is supported (in addition to UE TX beam sweeping):
· Configuration of a spatial relation between a reference DL RS from serving or neighbouring cells and the target SRS.
· Reference DL RS that can be used include at least SSB. FFS on CSI-RS, DL-PRS.
· A fixed Tx beam for UL SRS transmissions across multiple UL SRS Resources, for both FR1 and FR2.
· FFS how the fixed beam is selected.
· FFS on specification impacts.
· Note: In Rel-16, UE is not expected to transmit multiple SRS resources with different spatial relations in the same OFDM symbol (Rel-15 behaviour)



Configuration details regarding SRS beam management/alignment are discussed in our companion paper [1]. In this section, we only provide brief overview on our related proposals in [1]. 
In RAN1 97, it was agreed that at least SSB from the serving and neighboring cells is used as the spatialRelationInfo RS for the positioning SRS. As explained in [1], both CSI-RS and DL-PRS from the serving and neighboring cells should also be supported to be used as the spatialRelationInfo RS for the positioning SRS. We have proposed in [1] the following:
Proposal 6: For positioning purposes, in addition to SSB, support configuring CSI-RS and DL-PRS from the serving and the neighboring cells as a spatialRelationInfo RS.
· Send this agreement in an LS to RAN2. 

In [1], we also have an extensive discussion on the required parameters to uniquely identify and the used protocol to indicate the spatialRelationInfo RS where we have proposed the following.
Proposal 7: spatialRelationInfo RS is configured in RRC and the spatialRelationInfo RS configuration at least includes the DL reference signal (SSB, CSI-RS, or DL-PRS) resource ID and the Cell ID of the transmitting serving/neighboring cell.
· FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a spatialRelationInfo RS. 
· Send this agreement in an LS to RAN2. 

Finally, considering the fact that the spatialRelationInfo RS may be transmitted from the neighboring cells, it is advisable to agree on some UE fallback behavior in the case that a spatialRelationInfo RS is configured but is not detected. The following proposal from [1] addresses this concern.
Proposal 8: If a spatialRelationInfo RS is configured but not detected, UE uses the following as a substitute spatialRelationInfo RS: 
· If the cell that transmits the spatialRelationInfo RS is a serving cell, the substitute spatialRelationInfo RS is the SSB used to obtain MIB.
· If the cell that transmits the spatialRelationInfo RS is a neighboring cell, the substitute spatialRelationInfo RS is the detected SSB from that cell with the highest RSRP. 
SRS power control 
	Agreement [2]:
For positioning purposes, with regards to the UL SRS transmission power, support at least the following in addition to the existing Rel-15 behaviour:
· Support configuring a DL reference signal of a neighbouring cell to be used as DL path loss reference for the purpose of SRS power control.  
· FFS: Which reference signals can be used (e.g. a CSI-RS, or a SSB, or DL PRS). 
· Study further the UE configuration signalling and procedure.
· FFS on a fallback procedure if the UE is not able to obtain the pathloss reference.
· FFS on number of measurements for pathloss.



Details regarding SRS power control are discussed in our companion paper [1]. In this section, we only provide brief overview on our related proposals in [1]. 
Since the SRS target cell may be a neighboring cell in Rel. 16 positioning, it was agreed in RAN1 97 that a DL reference signal from a serving or a neighboring cell can be configured as a SRS pathlossReferenceRS where the type of the DL reference signal remained as FFS. In [1], we have explained the reasons to support configuring SSB and CSI-RS from the serving and neighboring cells as a pathlossReferenceRS and proposed the following: 
Proposal 9: For positioning purposes, support configuring SSB and CSI-RS from the serving and the neighboring cells as a pathlossReferenceRS.
· Send this agreement in an LS to RAN2. 

Moreover, we have discussed the configuration details of the pathlossReferenceRS in [1] and provided the following proposal:
Proposal 10: pathlossReferenceRS is configured in RRC and the pathlossReferenceRS configuration at least includes the DL reference signal (SSB or CSI-RS) resource ID and the Cell ID of the transmitting serving/neighboring cell.
· FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a pathlossReferenceRS. 
· Send this agreement in an LS to RAN2. 

Indicating a pathlossReferenceRS in SRS configuration is not mandatory in Rel. 15. If   pathlossReferenceRS is not configured, UE uses the SSB that is used to obtain MIB as the substitute pathlossReferenceRS [4]. In Rel. 16 positioning, SRS target cell may be a neighboring cell. In such a case, a different fallback behavior should be defined when the pathlossReferenceRS is not configured or is configured but not detected. In [1], we have proposed a fallback behavior that is also brought below:
Proposal 11: If a pathlossReferenceRS is not configured or is configured but not detected, UE uses the following detected SSB from the target cell as pathlossReferenceRS: 
· If the target cell is a serving cell, the substitute pathlossReferenceRS is the SSB used to obtain MIB (Rel. 15 behavior).
· If the target cell is a neighboring cell, the substitute pathlossReferenceRS is the SSB with the highest RSRP. 

In Rel. 16 positioning, SRS target cell may be a neighboring cell and, as discussed in [1], due to the high latency of the inter-gNB communication, it may not be always feasible to update the SRS power control adjustment state based on TPC command values in a DCI as the message that determines the TPC command value needs to be originated from the target neighboring cell.  As such, we have proposed [1]: 
Proposal 12: For positioning purposes, support configuring a binary field to enable/disable the closed loop SRS power control mechanism indicated by PowerControlAdjustmentStates.
· FFS: Binary indicator is configured in DCI or RRC.  

Finally, as explained in [1], if the closed loop SRS power control mechanism is enabled, the same mechanism as in Rel. 15 can be used to update the SRS power control adjustment state with the following exception: When the target cell of the SRS is a neighboring cell, the SRS power control adjustment state should not follow the PUSCH power control adjustment state as the PUSCH power control adjustment state is meant to adjust the power of the uplink channel that is sent to a serving cell. The following proposal from [1] supports above observation.
Proposal 13: For positioning purposes, when the closed loop SRS power control is enabled and the target cell of SRS is a neighboring cell, PowerControlAdjustmentStates is set to separateClosedLoop.
[bookmark: _Ref15986697]Maximum number of configured SRS resource sets in a BWP
As discussed in [1], the maximum number of configured SRS resources in a BWP is equal to 16 in Rel. 15. Note that, in contrast to Rel. 15 SRS usages, target neighboring cells also measure SRS resources for positioning purposes. Different SRS resource sets may need to be configured for the purpose of measurement at different target neighboring cells due to, for instance, different power control and/or spatial transmission filter requirements. As such, we believe that the number of configurable SRS resource sets in a BWP should be increased in Rel. 16. Supporting at least 16 additional SRS resource sets for the purpose of positioning measurements at the target neighboring cells seems to be reasonable. 
Proposal 14: Increase the maximum number of configured SRS resource sets in a BWP from 16 to N>= 32.
· FFS: N

SRS positioning usage 
In Rel. 15 NR, SRS resources were grouped into SRS resource sets. Four different usages are introduced for SRS resource sets [6][7]: “BeamManagement” to train and determine the UL transmission beam, “codebook” and “noncodebook” to respectively determine appropriate codebook-based and noncodebook-based UL precoders and “antennaSwitching” for the purpose of DL CSI acquisition. Note that some SRS configurations, UE behaviors, and physical layer procedures are different for different usages [6]. In RAN1 97, multiple agreements were reached regarding SRS configuration for Rel. 16 positioning purposes. These agreements in RAN1 97 may be classified into two categories: 
A. Agreements related to the SRS sequence design and resource mapping: These agreements are primarily reflected in 38.211 and include an increased number of consecutive OFDM symbols in a SRS resource, an increased number of supported comb sizes, and the support for a staggered SRS resource mapping. 
B. Agreements related to the UE behaviour and procedure: These agreements are primarily reflected in 38.213 and 38.214 and include configuring a spatial relation between a DL reference signal from a neighboring cell and the  SRS resource and configuring a DL reference signal of a neighboring cell as a pathloss reference for the purpose of SRS power control. 

Agreements in category A may also be applicable to the Rel. 15 SRS usages and, as such, may be reflected in the specifications without being restricted to the SRS for positioning purposes. However, agreements in category B are not applicable to the Rel. 15 usages and need to be restricted to the positioning purposes when reflected in the specifications. Due to this fact and to facilitate a proper reflection of other possible future agreements in the specifications, SRS positioning usage should be supported in Rel. 16. 
Proposal 15: Support SRS “positioning” usage.
SRS sequence generation 
In Rel. 15, the SRS sequence is based on the Zadoff-Chu sequence given by , where  and  are respectively the sequence group and sequence number in the group that jointly determine the root of the Zadoff-Chu sequence [3].  and  depend on the value of the higher layer parameter groupOrSequenceHopping and their calculation formulae are brought in Table 1 that is a snippet of Clause 6.4.1.4.2 in [3].  As can be observed from Table 1, both  (if  and  are functions of the higher layer parameter sequenceId  . The length of  is limited to 10 in Rel. 15, i.e., the total number of different SRS sequences of the same length is limited to 1024. This may be enough for UEs within one cell. However, the requirement is different for NR positioning where each cell is expected to receive SRS from a UE in the coverage area of other neighboring cells and, therefore, SRS sequence distinction is needed within a wider range than a single cell coverage. As such, increasing the available number of SRS sequences is beneficial in terms of reducing SRS collision and further mitigating the UL interference. 
[bookmark: _Ref7091273]Table 1: Sequence group and sequence number calculation 
	The sequence group  and the sequence number  in clause 5.2.2 depends on the higher-layer parameter groupOrSequenceHopping in the SRS-Config IE. The SRS sequence identity  is given by the higher layer parameter sequenceId in the SRS-Config IE and  is the OFDM symbol number within the SRS resource.
· if groupOrSequenceHopping equals 'neither', neither group, nor sequence hopping shall be used and 

-	if groupOrSequenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.
-	if groupOrSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used and

	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame.



The gold sequence that is used to determine  and  in Table 1 is initialized by setting   to . As described in Clause 5.2.1 of [3],  is a 31-bit sequence and setting   to   underutilizes  by setting its last 21 MSBs to zero. Therefore, increasing the length of  to any binary sequence with the length less than or equal to 31 bits does not result in any overflow of  or any other specification impact. Note that the same gold sequence   is also used to generate UL DMRS and is initialized by a 16-bit sequence ID. 
Based on the above analysis, we conclude that increasing the length of  to support more distinct SRS sequences does not require any other RAN1 specification change. In our view, a value of 16 bits should be more than enough. Therefore, we have the following proposal:
Proposal 16: Increase the bit width of the parameter sequenceId of the SRS resource configuration to [16] bits. 
[bookmark: _Ref16274328]SRS configuration protocol 
Following the same approach as LTE, the Rel. 15 NR SRS is configured by the serving gNB and is sent to the UE using RRC signaling. However, there has been a proposal that LMF would configure NR positioning SRS and send the configuration to the UE using LPP. In our view, such an approach for NR positioning SRS configuration has a few drawbacks as follows:
1) Collision with other SRS resources: If the LMF configures the positioning SRS, the gNB still needs to provide virtually all SRS-Config fields to assist the LMF to properly configure the positioning SRS. For instance, to avoid a collision with other SRS resources with Rel. 15 NR usages that are configured for the same or other UEs, the gNB needs to provide the LMF with a suggested sequenceId, SRS frequency domain configuration parameters including BW, transmission comb, and possible frequency hopping pattern, and SRS time domain configuration parameters such as slot offset and periodicity. Furthermore, the gNB needs to share the configured BWPs of the UE as well as the information regarding UL beam alignment and power control. It is also unclear how SP-SRS/AP-SRS can be activated/triggered by the LMF. 
2) Collision with other uplink channels: Unless positioning SRS is only configured in dedicated time-frequency resources similar to the approach used to configure DL PRS, it is not clear how SRS can be configured by LMF without colliding with UL channels of the same or other UEs. 
3) SRS reusability:  As the Rel. 15 NR SRS is configured by the gNB and is sent to the UE using RRC signalling, it is not clear how a positioning SRS may be reused for other Rel. 15 NR usages or how a NR Rel. 15 SRS resource may be reused for the positioning purpose if the positioning SRS is configured by LMF. 
4) Benefit: Apart from above problems, the potential advantages of using the LMF instead of the gNB to configure the positioning SRS are unclear. 

Based on the above discussion, we propose the following. 
Proposal 17: The SRS for NR positioning is configured in RRC by the serving gNB.
SRS bandwidth and configured UL BWPs 
The NR UE is configured with up to 4 UL BWP per serving cell. Each active serving cell has only one active UL BWP at a time that can be dynamically switched by a DCI.  Each configured UL BWP can contain a SRS-Config IE that configures one or multiple SRS resource sets each of which further consisting of one or multiple SRS resources. For an active serving cell, the UE can only transmit SRS resources that are configured in the active UL BWP 0. Note that, using the SRS carrier switching feature, the SRS can be transmitted in a cell that is not configured for a PUSCH transmission. SRS transmission in the dynamically switchable active UL BWP along with the SRS carrier switching feature provides a substantial flexibility in the SRS transmission bandwidth in Rel. 15 NR. 
We believe that Rel. 15 NR SRS configuration and transmission with respect to UL BWPs should be carried over to the SRS configuration and transmission for positioning purposes and the support for a further flexibility is not required. Any modification in the current relation between SRS BW and UL BWPs requires a substantial specification work with an unclear potential advantage, hampers positioning SRS reusability for other SRS usages, and, finally and more importantly, is at odds with the very purpose of introducing UL BWP in Rel. 15 NR. As such, we propose the following. 
Proposal 18: The configuration of SRS for positioning per UL BWP follows the Rel. 15 NR specification. 
Proposal 19: For positioning, the SRS transmission in the active UL BWP of an active cell and SRS carrier switching feature follow the Rel. 15 NR specification.
Aperiodic SRS transmission 
	Agreement [5]:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration



In LTE, the UL-based positioning include the UL information request procedures and the UL positioning information update procedure among eNB, UE, and LMU [8] shown in the Appendix. We do not see much change in NR if the periodic or semi-persistent SRS is used for UL positioning, except changing the LMU to TMF subject to RAN3 discussion.
In our view, supporting aperiodic SRS for UL positioning has the following potential problems:
· Large signalling overhead per measurement, since every time the serving gNB decides to trigger an aperiodic SRS, it has to forward the SRS information to the LMF and to the neighbouring gNBs via LMF only for a single-shot measurement
· Low accuracy due to a single-shot measurement
· The possibility that the neighbouring gNB does not receive SRS configuration before the single-shot AP-SRS transmission from the UE.
· Aperiodic SRS is triggered by DCI and may be missed by UE.
· Additional work in RAN2/RAN3 to specify the aperiodic SRS information transfer in addition to periodic/semi-persistent SRS.
Therefore, in our view, the support of aperiodic SRS should be transparent to NRPPa, which means that from the perspective of LMF and neighbouring gNBs, SRS is periodic. The reception of aperiodic SRS should only be limited to the serving cell.
 Proposal 20: Aperiodic SRS for positioning is only sent to the serving gNB(s). 

[bookmark: _Ref129681832]Conclusions
Proposal 1: Support both partially-staggered and fully-staggered SRS resource mappings in Rel. 16.
Proposal 2: To support non-staggered, partially-staggered, and fully-staggered resource mappings, starting from the first SRS symbol, every consecutive symbols have the same SRS mapping in the frequency domain where is a configurable parameter and 
· FFS: Further constraints on 

Proposal 3: Support the number of consecutive OFDM symbols of  .
Proposal 4: SRS comb size of  is not supported. New SRS sequences of length less than 36 should be studied if SRS comb sizes of are supported.
Proposal 5: Support the maximum number of cyclic shifts for the transmission comb number of .
Proposal 6: For positioning purposes, in addition to SSB, support configuring CSI-RS and DL-PRS from the serving and the neighboring cells as a spatialRelationInfo RS.
· Send this agreement in an LS to RAN2. 

Proposal 7: spatialRelationInfo RS is configured in RRC and the spatialRelationInfo RS configuration at least includes the DL reference signal (SSB, CSI-RS, or DL-PRS) resource ID and the Cell ID of the transmitting serving/neighboring cell.
· FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a spatialRelationInfo RS. 
· Send this agreement in an LS to RAN2. 

Proposal 8: If a spatialRelationInfo RS is configured but not detected, UE uses the following as a substitute spatialRelationInfo RS: 
· If the cell that transmits the spatialRelationInfo RS is a serving cell, the substitute spatialRelationInfo RS is the SSB used to obtain MIB.
· If the cell that transmits the spatialRelationInfo RS is a neighboring cell, the substitute spatialRelationInfo RS is the detected SSB from that cell with the highest RSRP. 

Proposal 9: For positioning purposes, support configuring SSB and CSI-RS from the serving and the neighboring cells as a pathlossReferenceRS.
· Send this agreement in an LS to RAN2. 

Proposal 10: pathlossReferenceRS is configured in RRC and the pathlossReferenceRS configuration at least includes the DL reference signal (SSB or CSI-RS) resource ID and the Cell ID of the transmitting serving/neighboring cell.
· FFS: Other required parameters to configure a DL reference signal from neighbouring cells as a pathlossReferenceRS. 
· Send this agreement in an LS to RAN2. 

Proposal 11: If a pathlossReferenceRS is not configured or is configured but not detected, UE uses the following detected SSB from the target cell as pathlossReferenceRS: 
· If the target cell is a serving cell, the substitute pathlossReferenceRS is the SSB used to obtain MIB (Rel. 15 behavior).
· If the target cell is a neighboring cell, the substitute pathlossReferenceRS is the SSB with the highest RSRP. 

Proposal 12: For positioning purposes, support configuring a binary field to enable/disable the closed loop SRS power control mechanism indicated by PowerControlAdjustmentStates.
· FFS: Binary indicator is configured in DCI or RRC.  

Proposal 13: For positioning purposes, when the closed loop SRS power control is enabled and the target cell of SRS is a neighboring cell, PowerControlAdjustmentStates is set to separateClosedLoop.
Proposal 14: Increase the maximum number of configured SRS resource sets in a BWP from 16 to N>= 32.
· FFS: N

Proposal 15: Support SRS “positioning” usage.
Proposal 16: Increase the bit width of the parameter sequenceId of the SRS resource configuration to [16] bits.
Proposal 17: The SRS for NR positioning is configured in RRC by the serving gNB.
Proposal 18: The configuration of SRS for positioning per UL BWP follows the Rel. 15 NR specification. 
Proposal 19: For positioning, the SRS transmission in the active UL BWP of an active cell and SRS carrier switching feature follow the Rel. 15 NR specification.
Proposal 20: Aperiodic SRS for positioning is only sent to the serving gNB(s). 
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Appendix
The procedures in LTE to enable neighboring eNB to receive SRS, including uplink information request procedure and uplink positioning information update procedure, are given by Figure 5 and Figure 6, respectively.
For periodic SRS, a single message would trigger LMU to receive multiple SRS occasions given by the higher layer parameter number of transmissions.


[bookmark: _Ref7160192]Figure 5 Uplink information request procedure

[bookmark: _Ref7160628]Figure 6 Uplink positioning information update procedure
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