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At the RAN#98e meeting, the WID on expanded and improved NR positioning RP-223549 [1] was approved including the following objective related to RedCap positioning:
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].


And at the RAN1#112 meeting [2], some agreements below for RedCap positioning were achieved.
	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.
Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· FFS: the use of PPW
Conclusion
The scope for RedCap positioning includes FR1 and FR2.
Agreement
For Positioning enhancements for redcap UEs for UL SRS Tx and DL PRS Rx frequency hopping, from the RAN1 perspective, short switching time to allow RF retuning between adjacent hops may be beneficial in terms of accuracy and latency performance.
· Send an LS to RAN4 requesting feedback on the feasible values for the switching time between hops, at least when numerology and bandwidth for each hops can be the same, and the Tx/Rx antennas used in all hops can be the same.
Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 
Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources
Agreement
The draft LS in R1-2302126 is endorsed with the addition of the two agreements above. Final LS in R1-2302127.


In this contribution, we will present our views on RedCap positioning.
Potential design of DL and UL frequency hopping
In this section, we present our views on potential design of DL and UL frequency hopping.
Common considerations on frequency hopping design
Diagonal hop pattern vs staggered hop pattern
Regarding frequency hopping design, the hopping pattern should be determined. Similar to the discussion of DL PRS patterns, there may also be 2 types of hop patterns. One is diagonal pattern, that is, different hops are distributed diagonally, and adjacent hops in the time domain are also adjacent in the frequency domain and have overlapping bandwidths. Another is staggered pattern which is similar to the design of the current PRS pattern, that is, the adjacent hops in the time domain may not be adjacent in the frequency domain and the adjacent hops in the frequency domain may also not be adjacent in the time domain. The figure below is a set of examples. 



Figure 1 Diagonal hop pattern (left)  vs an example of staggered hop pattern (right)
For the staggered pattern on the right, we did not find that it has additional application scenarios compared to the diagonal pattern; moreover, the frequency hopping performance is also weaker than that of the diagonal pattern. This may be caused by the fact that the adjacent hops in the frequency domain are too far apart in the time domain, since we need to estimate and compensate the phase error through the overlapping bandwidth of adjacent hops in the frequency domain, and as the gap in the time domain increases, the estimation and compensation performance of the phase error will decrease. Further, we evaluate the performance of these two patterns in Figure 2. 
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Figure 2 Frequency hopping performance of diagonal hop pattern vs staggered hop pattern
Table 1 Evaluation results for frequency hopping with diagonal hop pattern vs staggered hop pattern
	Method
	Pattern
	50%
	67%
	80%
	90%

	Hopping with phase error compensation
	Diagonal pattern
(1 slot gap)
	0.04
	0.06
	0.07
	0.14

	
	Staggered pattern
(1 slot gap)
	0.07
	0.09
	0.11
	0.16

	
	Diagonal pattern
(4 slot gap)
	0.06
	0.1
	0.14
	0.22

	
	Staggered pattern
(4 slot gap)
	0.12
	0.15
	0.18
	0.26



It can be observed that:
Observation 1: 
· The diagonal hopping pattern has better phase error compensation performance than the staggered pattern. 
· With 1 slot time gap between adjacent hops, the diagonal hopping pattern has a slight advantage over the staggered hopping pattern;
·  And as the time gap increases, this advantage will become larger.
Proposal 1: 
· Regarding frequency hopping pattern for RedCap positioning, the diagonal hopping pattern is supported.

Overlapping bandwidth sizes between hops
In this subsection, different bandwidths of overlapping bandwidth between hops are evaluated with the assumption of  the same RS overhead for 5 hops. 
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Figure 3 Frequency hopping performance with different overlapping bandwidth
Table 2 Evaluation results for frequency hopping with different overlapping bandwidths
	Method
	Pattern
	50%
	67%
	80%
	90%

	Hopping with phase error compensation
	1PRB
	0.07
	0.1
	0.12
	0.19

	
	4PRB
	0.04
	0.06
	0.07
	0.14

	
	8PRB
	0.05
	0.06
	0.07
	0.1

	
	12PRB
	0.06
	0.07
	0.09
	0.13

	
	16PRB
	0.07
	0.09
	0.11
	0.17


Based on the evaluation results, we observe that
Observation 2: 
· In InF-SH scenario, with a small overlapping bandwidth of 1 PRB or 4 PRBs, the performance of frequency hopping is sufficient to meet the requirement of RedCap positioning.
· Under the assumption of same RS overhead, as the overlapping bandwidth increases, the accuracy will increase within a certain range (e.g., 8 PRBs) because of the increased performance of phase error compensation; but beyond this range (e.g., 8 PRBs), the accuracy will decrease due to the decrease in the bandwidth span of frequency hopping.
Proposal 2: 
· For the sizes of overlapping bandwidth for different hops, the balance between phase error compensation performance and bandwidth span of frequency hopping should be considered.
· A size smaller than 8 PRBs can be considered 

Same RE offset vs different RE offsets between different hops
Frequency hopping enables UE or TRP to perform channel stitching from multiple hops to extend the effective bandwidth. After the channel stitching of different hops is completed, the frequency domain channel can be further processed by IFFT to obtain the time domain channel to estimate the arrival time of the paths. Therefore, the estimation of stitched channel from multiple hops may have impact on the accuracy of the path arrival time. 
In our view, the stitched channel from hops preferably has a uniform RE distribution for more accurate path arrival time. Therefore, for PRSs from different hops for channel stitching, they should have the same comb size and the same RE offset on the symbols used for stitching. The same limit is also used for SRS Tx hopping. The figure below shows an example where PRSs corresponding to different hops are associated with the same and different RE offsets for comb-2.



Figure 4 Same RE offset (left) vs different RE offsets (right) for different hops
Then, we provide the performance comparison of the same RE offset vs different RE offsets with the assumption of different RE offsets for comb-2 between adjacent hops and the same phase error compensation. 
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Figure 5 Frequency hopping performance of the same RE offset vs different RE offsets
Table 3 Evaluation results for frequency hopping with same RE offset vs different RE offsets
	Method
	Pattern
	50%
	67%
	80%
	90%

	Hopping with phase error compensation
	Same RE offset
	0.04
	0.06
	0.07
	0.14

	
	Different RE offsets
	0.09
	0.12
	0.16
	0.26


Observation 3: 
· For channel stitching of the symbols from different hops, the case with the same comb size and RE offset can provide better accuracy than that with the same comb size and different RE offsets.
Proposal 3: 
· For channel stitching of the symbols from different hops, the same comb size and RE offset should be supported.

DL PRS Rx frequency hopping
In RAN1#112 meeting, it was concluded that only Rx frequency hopping of the DL PRS is supported. For PRS Rx frequency hopping, the TRP can transmit PRS in a ‘wideband’ manner (e.g., 100MHz), while the RedCap UE measures different ‘PRS narrowbands’ (e.g., 20MHz) within the PRS wideband at different times by Rx frequency hopping. And from the perspective of the time domain, different hops may correspond to repeated wideband PRS transmissions, such as repeated PRS slots. This type of frequency hopping basically has no impact on current PRS transmission, and can ensure the coexistence of RedCap UE and normal UE when measuring PRS. 


Figure 6 PRS Rx frequency hopping 
MG-based Rx frequency hopping
In NR positioning, UE can perform PRS measurement through MG or PPW.
	· MG-based PRS measurement
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. 
· PPW-based PRS measurement
The UE is expected to measure the DL PRS outside the measurement gap, subject to UE capability, if the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP and is within the DL PRS processing window indicated by higher layer parameter DL-PPW-PreConfig.


For MG-based Rx frequency hopping, a straightforward alternative is to perform multiple times of Rx hopping within a MG instance as the following figure. At the beginning and end of the MG, there is still possible to have a switch time of 0.5ms or 0.25ms, which is the same as regular MG. But different from regular MG operation, within the MG for Rx frequency hopping, UE needs to perform multiple times of RF retuning for multiple Rx hops at different frequencies. Considering the maximum MG length can be 20ms, we think it is enough to cover multiple hops together with corresponding switching time, that is, a round of Rx frequency hopping.


Figure 7 One MG instance for multiple hops
Another alternative to use MG is one Rx hop corresponding to a MG instance, which needs multiple MG instances to complete a round of Rx frequency hopping, as shown in the following figure. However, the current minimum MG repetition period is 20ms, which will make the time gap between two adjacent hops unacceptable. 


Figure 8 One MG instance for one hop
In our view, no matter whether one MG instance for multiple hops or one MG instance for one hop, it seems to be the work of RAN4. In addition, regarding the detailed Rx hopping pattern within a MG instance or across multiple MG instances for Rx frequency hopping within a wideband PRS, we think this is related to the RRM requirement of RedCap positioning defined by RAN4. For example, as long as the RAN4 RRM requirement under various conditions (e.g., total hopping bandwidth, hop bandwidth, number of repetition, overlapping bandwidth, time gap between hops, etc.) for RedCap positioning can be met, there seems no restrictions on the Rx hopping behavior within a MG. The details should be discussed by RAN4. 
Therefore, we propose
Proposal 4: 
· For MG-based Rx frequency hopping, send an LS to RAN4 to determine one of the following methods and study detailed MG design
· One MG instance for multiple hops
· One MG instance for one hop
Proposal 5: 
· For MG-based PRS Rx frequency hopping, detailed Rx hopping behavior within MG depends on RRM requirement, which is up to RAN4.

PPW-based Rx frequency hopping
PPW-based PRS measurement is limited to the case where the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP and is within the PPW. PPW is pre-configured per BWP, and can be activated by the gNB when needed. Therefore, for PPW-based Rx frequency hopping, a potential solution is that PPW is still configured per BWP, and UE performs Rx frequency hopping through BWP switching. Each Rx hop is associated with a BWP and corresponding PPW. The following figure is shown as an example.


Figure 9 PPW-based Rx frequency hopping 
In our understanding, compared with MG-based Rx hopping, PPW-based Rx frequency hopping is not preferred with the following reasons.
· PPW-based method requires potential BWP switching, however, the current BWP switching mechanism cannot be used directly. For example, for DCI-based BWP switching, UE can switch to a new BWP based on the field ‘BWP indicator’ in DCI 1-1, and at the same time perform data scheduling at the new BWP. For RRC-based BWP switching, UE can switch to a new BWP after RRC reconfiguration or scell activation. For timer-based BWP switching, when the UE has no data scheduling for a period of time, it can automatically switch to the default BWP. The current BWP switching mechanism is mainly used for data transmission, and cannot be used for Rx hopping for pure positioning purposes. In addition, even if the signaling-based BWP switching can be applied between adjacent hops, the BWP switching latency and complexity are also unacceptable. Perhaps the most suitable ‘BWP switching mechanism’ for Rx hopping is the ‘automatic continuous’ BWP switching, that is, after one reception is completed, it is automatically switched to another BWP to complete another reception until a round of Rx hopping is completed. However, such ‘automatic continuous’ BWP switching will bring huge specification impact.
· For PRS Rx frequency hopping, it is sufficient to only apply MG-based method, no need to extend to PPW-based method. In Rel-17, PPW was introduced for low-latency purpose. If the DL PRS is inside the active DL BWP and has the same numerology as the active DL BWP, PPW can be applied without additional procedures of MG request and configuration, so that physical layer latency is reduced. But when Rx frequency hopping is needed, the DL PRS is always outside the active BWP, compared with MG-based method, we don’t find the need to use PPW-based method.
Proposal 6: 
· For PRS Rx frequency hopping, PPW-based method is not supported.

SRS for positioning frequency hopping
SRS for positioning frequency hopping design
Regarding SRS for positioning frequency hopping, the following agreement was achieved.
	Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources



Hopping configured within a SRS resource
Regarding hopping configured within a SRS resource, MIMO SRS frequency hopping within a SRS resource may be considered as a start point.


For NR MIMO SRS, frequency hopping was supported in Rel-15. A SRS resource can be configured with intra-slot and/or inter-slot hopping within a bandwidth part with each hop of the SRS resource mapped to different sets of subcarriers (that is, different SRS subbands) across different sets of R adjacent OFDM symbol(s) of the resource within a slot or across multiples slots, R is the repetition factor given by the field repetitionFactor. From the frequency domain, frequency hopping across different sets of subcarriers is according to the SRS hopping parameters , and ; from the time domain, frequency hopping across different sets of R adjacent OFDM symbol(s) is according to the repetition factor, the number of SRS resource symbol(s), in each slot. 



The following figure is an example for MIMO SRS frequency hopping. A SRS resource is configured within a UL BWP. When the SRS resource is configured with frequency hopping, the frequency position of the SRS subband corresponding to each hop (e.g., mimoSRS hop in the figure) can be divided based on the frequency domain position of the wideband SRS (e.g., SRS wideband configuration in the figure), and the bandwidth of the wideband SRS is not actually used for the full bandwidth of the SRS transmission, but more as a reference for determining the frequency location of each SRS subband. The relationship between the wideband SRS and SRS subbands can be determined in combination with the SRS bandwidth configuration table in TS38.211 (Table 4) and frequency hopping parameters  , and .


Figure 10 An example of mimoSRS frequency hopping within a SRS resource
Table 4 SRS bandwidth configuration (Table 6.4.1.4.3-1 in TS38.211)
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Therefore, considering the existing MIMO SRS frequency hopping framework, if SRS for positioning frequency is configured within a SRS resource, the framework in MIMO can also be reused. As shown in the following figure, when the SRS-PosResource is configured with frequency hopping, the frequency position of the posSRS subband corresponding to each hop  (e.g., actual posSRS hop in the figure) can be divided based on the frequency domain position of the virtual wideband SRS (e.g., a virtual SRS wideband configuration such as SRS bandwidth configuration when =0 within a virtual UL BWP in the following figure), and the full bandwidth of the virtual wideband SRS is not actually used for the full bandwidth of the SRS transmission, but more as a reference to determine the frequency location of SRS subbands. Wherein, the bandwidth of each posSRS subband does not exceed RedCap UE capability (e.g., 20MHz) and adjacent subbands have overlapping bandwidth; the adjacent posSRS hops have a gap large than the hop switch time; the virtual wideband SRS bandwidth can be larger than RedCap UE capability (e.g., 20MHz) and configured within a virtual UL BWP with the bandwidth also larger than RedCap UE capability, which can be configured by serving cell and mainly for posSRS hop position determination instead of full bandwidth transmission. 



Figure 11 current mimoSRS frequency hopping (left) vs posSRS frequency hopping (right) within a SRS resource
For SRS for positioning frequency hopping within a SRS resource, the potential specification impact may include the following.
· Virtual UL BWP configuration in a serving cell
· Potential adaptive modification on the Table of SRS bandwidth configuration in TS38.211(Table 4), considering SRS for positioning configurations, such as hop bandwidth, hop number and overlapping bandwidth, etc.
· Potential adaptive modification on the formulas of SRS resource mapping in TS38.211 (e.g., the calculation of the frequency position of the SRS subband corresponding to each hop) based on the framework of MIMO SRS frequency hopping, considering SRS for positioning hopping configurations
· New SRS pattern considering time gap within a slot, if intra-slot frequency hopping is introduced
· Inter-slot repetition for a SRS resource to support inter-slot frequency hopping
Observation 4: 
· For SRS frequency hopping configured within a SRS resource, large specification impact will be introduced.

Hopping configured across multiple SRS resources
Then, regarding hopping configured across multiple SRS resources, there may be 3 options.
· Option 1: hopping is configured across multiple SRS resources within a SRS resource set. Each SRS resource is associated with a hop and each hop includes at least one SRS resource.
For Option 1, frequency hopping can be supported as the following figure. In this option, a SRS resource set consists of SRS resources in different frequency domain locations. In addition, the UE can be configured with a ‘virtual BWP’ as a reference for the frequency domain position of SRS resources, which is similar to the ‘BWP configuration’ as the following for SRS outside initial UL BWP in RRC_INACTIVE, including frequency location and bandwidth, subcarrier spacing, and CP length for transmission of the SRS.
	TS38.331
SRS-PosRRC-InactiveConfig-r17 ::=       SEQUENCE {
    srs-PosConfigNUL-r17                    SRS-PosConfig-r17                                                   OPTIONAL,    -- Need R
    srs-PosConfigSUL-r17                    SRS-PosConfig-r17                                                   OPTIONAL,    -- Need R
    bwp-NUL-r17                             BWP                                                                 OPTIONAL,    -- Need S
    bwp-SUL-r17                             BWP                                                                 OPTIONAL,    -- Need S
    inactivePosSRS-TimeAlignmentTimer-r17   TimeAlignmentTimer                                                  OPTIONAL,    -- Need M
    inactivePosSRS-RSRP-ChangeThreshold-r17 RSRP-ChangeThreshold-r17                                            OPTIONAL     -- Need M
}





Figure 12 posSRS frequency hopping across multiple SRS resources within a SRS resource set
When configuring multiple hops on the network side, the time gap between adjacent SRS resources associated with different hops should not be less than the hop switching time, and at the same time, the adjacent hops in the frequency domain may have overlapping bandwidths. Compared with SRS frequency hopping configured within a SRS resource, Option 1 has almost no modification to TS38.211, and realizes frequency hopping through network configuration.
Regarding the association of SRS resource with hop, we give an exemplary information element structure ‘SRS-PosFrequencyHopping’ as the following.
	SRS-PosFrequencyHopping ::=       SEQUENCE {
virtual-BWP                             BWP                                                                 OPTIONAL,    
    srs-PosResourceSetToReleaseList SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSetId-r16 OPTIONAL,-- Need N
    srs-PosResourceSetToAddModList  SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSet-r16  OPTIONAL,
    srs-PosResourceToReleaseList    SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResourceId-r16      OPTIONAL,
srs-PosResourceToAddModList     SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResource-r16        OPTIONAL 
}

SRS-PosResourceSet-r16 ::=                  SEQUENCE {
    srs-PosResourceSetId-r16                    SRS-PosResourceSetId-r16,
    srs-PosResourceIdList-r16                   SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-PosResourceId-r16
                                                                                                           OPTIONAL, -- Cond Setup
    ...
}

SRS-PosResource-r16::=                  SEQUENCE {
srs-PosResourceId-r16                   SRS-PosResourceId-r16,
[bookmark: _GoBack]    srs-HopId                               SRS-HopId,
    ...
}



· Option 2: hopping is configured across multiple SRS resource sets within a SRS resource set list. Each SRS resource set is associated with a hop, and each hop includes at least one SRS resource set. 
For Option 2, frequency hopping can be supported as the following figure. In this option, a SRS resource set list consists of SRS resource set in different frequency domain locations. In addition, the UE can be configured with a ‘virtual BWP’ as a reference for the frequency domain position of SRS resources, which is similar to the ‘BWP configuration’ for SRS outside initial UL BWP in RRC_INACTIVE, including frequency location and bandwidth, subcarrier spacing, and CP length for transmission of the SRS.. 


Figure 13 posSRS frequency hopping across multiple SRS resource set within a SRS resource set list
When configuring multiple hops on the network side, the time gap between adjacent SRS resources in the different SRS resource sets associated with different hops should not be less than the hop switching time, and at the same time, the adjacent hops in the frequency domain may have overlapping bandwidths. Compared with SRS frequency hopping configured within a SRS resource, Option 2 has almost no modification to TS38.211, and realizes frequency hopping through network configuration.
Regarding the association of SRS resource set with hop, we give an exemplary information element structure ‘SRS-PosFrequencyHopping’ as the following.
	SRS-PosFrequencyHopping ::=       SEQUENCE {
virtual-BWP                             BWP                                                                 OPTIONAL,    
    srs-PosResourceSetToReleaseList SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSetId-r16 OPTIONAL,-- Need N
    srs-PosResourceSetToAddModList  SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSet-r16  OPTIONAL,
    srs-PosResourceToReleaseList    SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResourceId-r16      OPTIONAL,
srs-PosResourceToAddModList     SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResource-r16        OPTIONAL 
}

SRS-PosResourceSet-r16 ::=                  SEQUENCE {
    srs-PosResourceSetId-r16                    SRS-PosResourceSetId-r16,
    srs-PosResourceIdList-r16                   SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-PosResourceId-r16
                                                                                                           OPTIONAL, -- Cond Setup
    srs-HopId                       SRS-HopId,
    ...
}



· Option 3: hopping is configured across multiple SRS resource set/resource lists. Each SRS resource set/resource list is associated with a hop, and each hop includes a SRS resource set/resource list.
For Option 3, frequency hopping can be supported as the following figure. In addition, the UE can be configured with multiples ‘virtual BWPs’ with each corresponds to a hop as a reference for the frequency domain position of SRS resources, which are similar to the ‘BWP configuration’ for SRS outside initial UL BWP in RRC_INACTIVE, including frequency location and bandwidth, subcarrier spacing, and CP length for transmission of the SRS. Therefore, Option 3 can be regarded as multiple transmissions of SRS outside UL initial BWP.


Figure 14 posSRS frequency hopping across multiple SRS resource set/resource lists
When configuring multiple hops on the network side, the time gap between adjacent SRS resources associated with different hops should not be less than the hop switching time, and at the same time, the adjacent hops in the frequency domain may have overlapping bandwidths. Compared with SRS frequency hopping configured within a SRS resource, Option 3 has almost no modification to TS38.211, and realizes frequency hopping through network configuration.
Regarding the association of SRS resource set/resource list with hop, an exemplary information element structure ‘SRS-PosFrequencyHopping’ is shown as the following.
	SRS-PosFrequencyHopping ::=       SEQUENCE {
SRS-PosConfigHopList                  SEQUENCE (SIZE(1..maxNrofSRS-PosConfigHop)) OF SRS-PosConfigHop OPTIONAL,
}

SRS-PosConfigHop ::=               SEQUENCE {
srs-HopId                       SRS-HopId,
virtual-BWP                     BWP                                                                 OPTIONAL,    
    srs-PosResourceSetToReleaseList SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSetId-r16 OPTIONAL,-- Need N
    srs-PosResourceSetToAddModList  SEQUENCE (SIZE(1..maxNrofSRS-PosResourceSets-r16)) OF SRS-PosResourceSet-r16  OPTIONAL,
    srs-PosResourceToReleaseList    SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResourceId-r16      OPTIONAL,
srs-PosResourceToAddModList     SEQUENCE (SIZE(1..maxNrofSRS-PosResources-r16)) OF SRS-PosResource-r16        OPTIONAL 
}


It should be noted that the SRS resource IDs are configured per SRS resource list with the value of (1…maximum number of SRS resources), and the SRS resource set IDs are configured per SRS resource set list with the value of (1…maximum number of SRS resource set). 
Observation 5: 
· Compared to SRS frequency hopping configured within a SRS resource, SRS frequency hopping configured across multiple SRS resources has almost no modification to TS38.211, and can realize frequency hopping through network configuration.
Observation 6: 
· For SRS frequency hopping across multiple SRS resources, the following options can be considered
· Option 1: hopping is configured across multiple SRS resources within a SRS resource set. Each SRS resource is associated with a hop and each hop includes at least one SRS resource.
· Option 2: hopping is configured across multiple SRS resource sets within a SRS resource set list. Each SRS resource set is associated with a hop, and each hop includes at least one SRS resource set.
· Option 3: hopping is configured across multiple SRS resource set/resource lists. Each SRS resource set/resource list is associated with a hop, and each hop includes a SRS resource set/resource list.
Then, regarding the 3 options, Option 3 is preferred. For Option 1 and Option 2, they may break the legacy framework of SRS resource and SRS resource set configuration. Different SRS resources in the SRS resource set are generally used for the same or different Tx beams, but if frequency hopping in Option 1 is configured within the set, it will cause some beam-related functions to no longer apply, e.g., current Tx beam sweeping across SRS resources will not be supported anymore, since hopping is configured in the resource set and different SRS resources associated with different hops should use the same spatial relations. Then, generally, different SRS resource set in the SRS resource set list are applied separately, which may be used for different time domain behaviors, different periods, different functions etc. But for frequency hopping in Option 2, different SRS resource sets should be applied together. In contrast, Option 3 is a simpler and more straightforward approach. Firstly, the current framework of SRS resources and SRS resource sets is still reused in each hop. Then, when performing operations related to multiple hops, the same resource set ID and resource ID in different hops can be easily associated and indicated.
Proposal 7: 
· SRS for positioning frequency hopping configured across SRS resources is supported, including the following.
· Hopping configured across multiple SRS resource set/resource lists
· Each SRS resource set/resource list is associated with a hop, and each hop includes a SRS resource set/resource list.
· Each SRS resource set/resource list is configured with a ‘virtual BWP’, similar to the ‘BWP configuration’ of SRS outside initial BWP in RRC_INACTIVE

Collision rules of SRS for positioning frequency hopping
For SRS for positioning frequency hopping, the collision rules with other UL and DL signals/channels may be different from legacy collision rules of SRS for positioning.
For legacy collision rules of SRS for positioning, the SRS is generally dropped in the symbols where the collision occurs, e.g., for operation on the same carrier, if an SRS configured by the higher parameter SRS-PosResource collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs.
But for SRS for positioning frequency hopping, it may not be suitable for UE to only drop the affected symbols when collision happens in some cases.
· Alt 1: UE drops all the SRS hops
One case is that the UE treats multiple hops as a whole transmission rather than independent transmissions, which is similar to PRS reception in PPW, so the dropping rule is also applied to multiple hops. For example, the UE needs to perform continuous frequency hopping in a short period of time (e.g, in a slot), the gap between hops is only used for hop switching. When collision with other DL or UL signals/channels happens in a subset of symbols of frequency hopping, it is natural to drop all the SRS hops.
Or, due to insufficient UE capability or low complexity requirement, the UE cannot accept switching from frequency hopping transmission to active BWP for other signals/channels reception/transmission, and then switching back to frequency hopping transmission again, so that when collision happens, it is better to drop all the SRS hops.
Or, the collision symbols may largely affect the performance of frequency hopping, which makes it unnecessary for other hops to be transmitted, so all the SRS hops can be dropped. For example, one hop is an intermediate hop, which is very important for compensating phase errors. If the symbols in this hop are affected, it will cause a huge performance loss for frequency hopping.
· Alt 2: UE drops affected hops
Alt 2 may be applied to the case where multiple hops are relative independent, but within a hop, UE treats multiple SRS symbols as a whole transmission, so the dropping rule is applied to each hop. When collision happens, the UE only drop affected hops, instead of all hops. For example, DL or UL signals/channels in active BWP can be interspersed between adjacent hops. In addition, dropping the affected hops to receive/transmit other signals/channels does not increase the complexity of the UE and within the UE capability. So, there is no need to drop all the SRS hops.
Or, the collision symbols have minor impact on the performance of frequency hopping. For example, one hop is the last hop within multiple hops, even without this hop, other hops can be used to estimate the phase error and get sufficient performance. So, only the affected hops can be dropped.
· Alt 3: UE drops affected symbols
Alt 3 is the most flexible, which is the same as current dropping rule for SRS transmission. However, it may bring higher UE complexity and require higher UE capability. For example, symbol-level dropping may cause UE to frequently switch from active BWP to SRS hops, which is not complexity and power saving friendly.
In addition, the other signals/channels which may collide with SRS for positioning frequency hopping can include:
· Other UL signals/channels 
· DL signals/channels in TDD
· DL signals/channels for HD-FD UEs in FDD
Proposal 8: 
· For SRS for positioning frequency hopping collides with other DL/UL reception/transmission, the following aspects should be considered.
· The dropping rules should include at least one of the following
· Alt 1: UE drops all the SRS hops
· Alt 2: UE drops affected hops
· Alt 3: UE drops affected symbols
· The other DL/UL reception/transmission should include other UL signals/channels, DL signals/channels in TDD, DL signals/channels for half-duplex UE (HD-UE) in FDD
Other considerations on RedCap positioning 
In this section, some other issues independent of frequency hopping for RedCap positioning are discussed.
For RedCap UEs, carrier aggregation and dual connectivity are not supported for RedCap UEs. Therefore, in positioning, some features related to CA or DC cannot be supported anymore. The type of processing window may be updated regarding the description of per UE/band, since there is no difference between them when CA is not supported. Therefore, for RedCap UE, the type of PPW can be limited to Type 1A and Type 2.
	PRS processing window type
· Type 1A refers to the determination of prioritization between DL PRS and other DL signals/channels in all OFDM symbols within the PRS processing window. The DL signals/channels from all DL CCs (per UE) are affected across LTE and NR
· Type 1B refers to the determination of prioritization between DL PRS and other DL signals/channels in all OFDM symbols within the PRS processing window. The DL signals/channels from a certain band are affected 
· Type 2 refers to the determination of prioritization between DL PRS and other DL signals/channels only in DL PRS symbols within the PRS processing window 


[bookmark: _Hlk131514757]In addition, in Rel-17, the collision issues between PPW and UL transmissions in TDD were discussed. However, no conclusions were reached as companies believed that PPW was only for DL symbols. For RedCap UEs, in TDD, we think the conclusion of no collision rules specified for PPW can be reused. But for a half-duplex UE (HD-UE) in FDD, the collision issue between PPW and UL transmissions may arise, and the UE is not capable of simultaneous transmissions and receptions on a serving cell with paired spectrum. So, the collision rules needs to be considered. It is also noted that, in TS38.213, the collison rule between higher configured DL reception and low layer indicated UL transmission was specified by Rel-17 RedCap WI, including the descriptions of DL PRS. However, whether it can still be suitable for PPW especially for type 1A/1B PPW should be further discussed. For example, whether to consider PRS and UL collision timeline in PPW for a HD-UE in FDD.
	If a HD-UE is configured by higher layers to receive a PDCCH, or PDSCH, or CSI-RS, or DL PRS in a set of symbols, the HD-UE receives the PDCCH, or PDSCH, or CSI-RS, or DL PRS if the HD-UE does not detect a DCI format that indicates to the HD-UE to transmit a PUSCH, or PUCCH, or PRACH, or SRS in at least one symbol of the set of symbols; otherwise, the HD-UE does not receive the PDCCH, or PDSCH, or CSI-RS, or DL PRS in the set of symbols. 



Proposal 9: 
· For RedCap positioning without frequency hopping, the following aspects related to PPW should be further considered.
· The type of PPW can be limited to Type 1A and Type 2.
· The collision rules between PPW and UL transmission for a half-duplex UE (HD-UE) in FDD.
For SRS transmission without frequency hopping, in our view, the collision rules in current specification can be reused including the collision rules with DL signals/channels with operations in unpaired spectrum and operations for half-duplex UE in paired spectrum.
Conclusion
In this contribution, we discuss RedCap positioning with the following observations and proposals.
Observation 1: 
· The diagonal hopping pattern has better phase error compensation performance than the staggered pattern. 
· With 1 slot time gap between adjacent hops, the diagonal hopping pattern has a slight advantage over the staggered hopping pattern;
·  And as the time gap increases, this advantage will become larger.
Observation 2: 
· In InF-SH scenario, with a small overlapping bandwidth of 1 PRB or 4 PRBs, the performance of frequency hopping is sufficient to meet the requirement of RedCap positioning.
· Under the assumption of same RS overhead, as the overlapping bandwidth increases, the accuracy will increase within a certain range (e.g., 8 PRBs) because of the increased performance of phase error compensation; but beyond this range (e.g., 8 PRBs), the accuracy will decrease due to the decrease in the bandwidth span of frequency hopping.
Observation 3: 
· For channel stitching of the symbols from different hops, the case with the same comb size and RE offset can provide better accuracy than that with the same comb size and different RE offsets.
Observation 4: 
· For SRS frequency hopping configured within a SRS resource, large specification impact will be introduced.
Observation 5: 
· Compared to SRS frequency hopping configured within a SRS resource, SRS frequency hopping configured across multiple SRS resources has almost no modification to TS38.211, and can realize frequency hopping through network configuration.
Observation 6: 
· For SRS frequency hopping across multiple SRS resources, the following options can be considered
· Option 1: hopping is configured across multiple SRS resources within a SRS resource set. Each SRS resource is associated with a hop and each hop includes at least one SRS resource.
· Option 2: hopping is configured across multiple SRS resource sets within a SRS resource set list. Each SRS resource set is associated with a hop, and each hop includes at least one SRS resource set.
· Option 3: hopping is configured across multiple SRS resource set/resource lists. Each SRS resource set/resource list is associated with a hop, and each hop includes a SRS resource set/resource list.
Proposal 1: 
· Regarding frequency hopping pattern for RedCap positioning, the diagonal hopping pattern is supported.
Proposal 2: 
· For the sizes of overlapping bandwidth for different hops, the balance between phase error compensation performance and bandwidth span of frequency hopping should be considered.
· A size smaller than 8 PRBs can be considered 
Proposal 3: 
· For channel stitching of the symbols from different hops, the same comb size and RE offset should be supported.
Proposal 4: 
· For MG-based Rx frequency hopping, send an LS to RAN4 to determine one of the following methods and study detailed MG design
· One MG instance for multiple hops
· One MG instance for one hop
Proposal 5: 
· For MG-based PRS Rx frequency hopping, detailed Rx hopping behavior within MG depends on RRM requirement, which is up to RAN4.
Proposal 6: 
· For PRS Rx frequency hopping, PPW-based method is not supported.
Proposal 7: 
· SRS for positioning frequency hopping configured across SRS resources is supported, including the following.
· Hopping is configured across multiple SRS resource set/resource lists
· Each SRS resource set/resource list is associated with a hop, and each hop includes a SRS resource set/resource list.
· Each SRS resource set/resource list is configured with a ‘virtual BWP’, similar to the ‘BWP configuration’ of SRS outside initial BWP in RRC_INACTIVE
Proposal 8: 
· For SRS for positioning frequency hopping collides with other DL/UL reception/transmission, the following aspects should be considered.
· The dropping rules should include at least one of the following
· Alt 1: UE drops all the SRS hops
· Alt 2: UE drops affected hops
· Alt 3: UE drops affected symbols
· The other DL/UL reception/transmission should include other UL signals/channels, DL signals/channels in TDD, DL signals/channels for half-duplex UE (HD-UE) in FDD
Proposal 9: 
· For RedCap positioning without frequency hopping, the following aspects related to PPW should be further considered.
· The type of PPW can be limited to Type 1A and Type 2.
· The collision rules between PPW and UL transmission for a half-duplex UE (HD-UE) in FDD.
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