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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#112bis-e meeting [2], some agreements below for RedCap positioning were achieved.
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured (select one alternative):
· Alt 1: within one SRS for positioning resource
· Alt 2: across resources, within one SRS for positioning resource set
· Alt 3: across resource sets, with all resources in a set corresponding to the same hop sub-bandwidth
Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.
Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.
Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together
Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.
Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 
· FFS: details on the collision rules


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.
DL PRS Rx frequency hopping
PPW-based Rx frequency hopping
In Rel-17, 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 1 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 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.
· In the last meeting, to minimize specification impact, some companies proposed that PPW-based method can be limited to Type-1A PPW only and simplify BWP switching operation to RF retuning only where the switching time can be included in the PPW as MG. In our view, such enhancements will cause the PPW to lose its association with the BWP, making the PPW as a special type of MG, except that ‘such MG’ can have flexible priorities. We expect PPW to have more differentiation from MG rather than duplication. In addition, such enhancements also do not reduce specification impact. For example, the collision issues with UL transmission for half-duplex Redcap UE, the complex processing capability (N,T) and (N2,T2) for Rx hopping within PPW should also be considered.
· 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 for RedCap positioning Rx frequency hopping, there seems no such low latency requirement and scenario. The introduction of PPW-based method is unnecessary.
Proposal 1: 
· For PRS Rx frequency hopping, PPW-based method is not supported.
Report of measurement
	Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


Based on the agreement, there are 2 mechanisms for report of measurement.
· Mechanism 1: A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· Mechanism 2: One [or more] measurements where each measurement is associated with one received hop
In our view, Mechanism 1 is the basic measurement and report mechanism as long as the requirement can be met; and Mechanism 2 can be a fallback measurement and report mechanism when UE/gNB is not able to accurately provide the required measurement, e.g., PRS symbols for certain hops are punctured due to imperfect RF retuning, or some repetitions of PRS are muted. Therefore, we don’t think both mechanisms can be used together.
In addition, for the ‘FFS: indication of how many received hops/which received hops where used in the measurement report’, we believe hop index can be reported to differentiate between Mechanism 1 and Mechanism 2. For legacy Mechanism 1, no need to report hop index. For Mechanism 2, hop index can be reported along with the measurement for each hop. It should be noted that, hop index for each hop is up to UE implementation other than network configuration and different hop indices are not associated with actual hop locations, but are only used to distinguish each other.
Proposal 2: 
· For frequency hopping report, support the following
· For ‘a single measurement based on receiving multiple hops’ and ‘one [or more] measurements where each measurement is associated with one received hop’, they cannot be reported together.
· For ‘one [or more] measurements where each measurement is associated with one received hop’, support indication of hop index along with each measurement.
· Note: different hop indices are not associated with actual hop locations, but are only used to distinguish each other
· Note: the associated hop indices are up to UE implementation other than network configuration 
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, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.
Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.


Regarding hopping configured within a SRS resource, from the perspective of minimizing specification impact, e.g., minimizing the introduction of new parameters for hopping, we think the framework of MIMO SRS frequency hopping should be reused as a starting point.
Proposal 3: 
· For SRS for positioning frequency hopping within one SRS resource, support to reuse the framework of MIMO SRS frequency hopping as a starting point.
Existing MIMO SRS frequency hopping
For NR MIMO SRS, frequency hopping was supported in Rel-15. An 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 across different sets of R adjacent OFDM symbol(s) of the resource within a slot or across multiples slots, wherein, R is the repetition factor given by the field repetitionFactor. 
MIMO SRS frequency hopping is determined by parameters in the frequency domain and time domain. 
· 

In the frequency domain, frequency hopping across different sets of subcarriers (different SRS subbands) is according to the SRS hopping parameters , and . If , frequency hopping is enabled, the UE can obtain the position of SRS subband corresponding to each hop according to the following formulas and Table in TS38.211. 
	[bookmark: _Hlk134453155]The frequency-domain starting position  is defined by

where 

The frequency domain shift value  adjusts the SRS allocation with respect to the reference point grid and is contained in the higher-layer parameter freqDomainShift in the SRS-Resource IE or the SRS-PosResource IE.
[bookmark: _Hlk134457430]If , frequency hopping is enabled and the frequency position indices  are defined by

where  is given by Table 6.4.1.4.3-1,




Table 6.4.1.4.3-1: SRS bandwidth configuration.
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	62
	272
	1
	68
	4
	4
	17
	4
	1

	63
	272
	1
	16
	17
	8
	2
	4
	2


· In the time domain, frequency hopping is across different sets of R adjacent OFDM symbol(s), wherein different sets of R symbols are from the same slot or different slots (e.g., different periodic SRS instances). Each hop in the time domain is determined by the quantity , which counts the number of SRS transmissions for each SRS symbol described in TS 38.211 as the following. According to , the SRS subband position for each symbol can be further determined via  and the frequency position indices 
	[bookmark: _Hlk134455064]The quantity  is the OFDM symbol number within the SRS resource.
[bookmark: _Hlk134455097]The quantity  counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by  within the slot in which the  symbol SRS resource is transmitted. The quantity  is the repetition factor given by the field repetitionFactor if configured, otherwise .
For the case of an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, the SRS counter is given by






[bookmark: _Hlk500773276]for slots that satisfy . The periodicity  in slots and slot offset  are given in clause 6.4.1.4.4.


We briefly give an example of MIMO SRS frequency hopping as follows, with =1,=0, R=2, that is, the total bandwidth of frequency hopping is 272PRBs, and each hop occupies 2 repeated symbols and 68 PRBs.


Figure 2 An example of MIMO SRS frequency hopping within a SRS resource, with =1,=0, R=2
SRS for positioning frequency hopping is also determined by parameters in the frequency domain and time domain. In our view, most of the framework of MIMO SRS frequency hopping can be reused, but unlike MIMO SRS, SRS for positioning hopping needs to additionally consider the impact of overlapping bandwidth and time gap as shown in the following figure.


Figure 3 Existing mimoSRS frequency hopping (left) vs posSRS frequency hopping (right) within an SRS resource
Regarding how to reuse the mechanism of MIMO SRS frequency hopping, firstly, we summarize the parts that can be reused and need to be updated (marked by red) in MIMO SRS frequency hopping as the following table.
[bookmark: _Hlk134554245]Table 1 The frequency hopping components comparison between MIMO SRS and SRS for positioning
	
	Components for MIMO SRS frequency hopping
	Components for SRS for positioning frequency hopping

	Frequency domain design
	freqDomainShift: 
	Reuse

	
	
freqHopping:, and 
	Reuse

	
	freqDomainPosition: 
	Reuse

	
	Frequency hopping enable mechanism: ‘’
	Reuse
e.g., configure 

	
	Active UL BWP for SRS transmission 
	Introduce ‘virtual UL BWP’

	
	Table of ‘SRS bandwidth configuration’ 
	Slightly update rows, considering number of hops, hop bandwidth, frequency hopping total bandwidth, overlapping bandwidth between adjacent hops in freqeuency domain

	
	Frequency hopping offset function

	Slightly update to subtract the effect of overlapping bandwidth


	Time domain design
	Intra-slot frequency hopping

	
	The quantity of OFDM symbol number within a slot for an SRS resource: 
	Reuse

	
	Repetition factor R 
	Reuse
to denote that one hop occupies R adjacent OFDM symbols

	
	Table of the  (the table of relative RE offset)
	Reuse

	
	/
	Introduce symbol-level ‘time gap’ within an SRS resource

	
	Number of consecutive OFDM symbols within a slot:  
	Should be updated considering time gap between hops
: number of consecutive OFDM symbols within a slot

	
	Symbol position within a slot for an SRS resource: 
	Should be updated considering ‘time gap’ which denotes the actual symbol position within a slot for an SRS resource

	
	Inter-slot frequency hopping

	
	/
	Introduce inter-slot repetition within an SRS resource

	
	Function of 


	Should be updated considering inter-slot repetition within an SRS resource

	[bookmark: _Hlk134555307]T/F hopping mapping
(hopping pattern)
	Function of 

	Reuse

	
	Function of 

	Reuse


Then, regarding this Table, details are described below.
Frequency domain design 

As shown in Figure 3, when the SRS-PosResource is configured with frequency hopping, the frequency position of the posSRS subband corresponding to each hop  (e.g., posSRS hop in the figure) can be divided based on the frequency domain position of the virtual wideband SRS configuration (e.g., 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 within a CC. 
[bookmark: _GoBack]From the perspective of frequency domain, compared to MIMO SRS, overlapping bandwidth should be additionally considered for SRS for positioning frequency hopping. Specifically, based on the framework of MIMO SRS frequency hopping, SRS for positioning may include the following:
1) Introduce ‘virtual BWP’ within CC, similar to the ‘SRS only BWP’ in RRC_INACTIVE, which can be used as a frequency reference point for hopping, and provide SCS/CP length for SRS transmission.
2) Reuse the parameter ‘freqDomainShift’ as frequency domain shift value which adjusts the SRS allocation with respect to the reference point grid. 
3) Reuse the Table of ‘SRS bandwidth configuration’, and slightly update rows including bandwidth configuration of SRS for positioning frequency hopping, considering number of hops, hop bandwidth, frequency hopping total bandwidth, overlapping bandwidth between adjacent subbands. 
· 
The following Table is an example with additional rows of  >63, where  is the bandwidth of wideband SRS for frequency hopping (frequency hopping total bandwidth),  is the bandwidth of SRS subband (hop bandwidth), and  is also the number of subbands for frequency hopping (number of hops). Different with MIMO SRS, for SRS for positioning hopping considers the overlapping bandwidth between hops.
· 
 If ‘non-overlapping hops’ are configured, the current rows of  of (0,1,…63) can be used.
· 
According to the table, with the indication of , there is no need to explicitly configure hop bandwidth and number of hops.
Table 6.4.1.4.3-1: SRS bandwidth configuration.
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4) 

Reuse the frequency hopping parameters freqHopping , and , and ‘frequency hopping enable mechnism’ of ‘’ for SRS for postioning frequency hopping.
· 
 is the index of ‘SRS bandwidth configuration’ used to determine the wideband bandwidth and subband bandwidth configuration. 
· 
and  are used for frequency hopping enable, and if , SRS for positioning frequency hopping is enabled. To enable SRS for positioning frequency hopping, can be equal to 0, can be equal to 1 (). It is enough to divide the wideband SRS only once, without multi-level division(e.g., ).
5) Reuse the parameter freqDomainPosition , which is a higher-layer configured frequency offset for frequency hopping
6) Update the following formula for frequency hopping offset calculation, subtracting the effect of overlapping bandwidth. E.g., the following formula can be considered.

Proposal 4: 
· For frequency domain design of SRS for positioning frequency hopping, support the following.
· Reuse following parameters and mechanism for MIMO SRS frequency hopping
· freqDomainShift: 
· freqHopping:, and 
· freqDomainPosition: 
· Frequency hopping enable mechanism: ‘’, e.g., 
· Introduce ‘virtual UL BWP’ for hopping, similar to ‘SRS only BWP’ in RRC_INACTIVE state
· Slightly update rows of Table ‘SRS bandwidth configuration’ in TS38.211, considering number of hops, hop bandwidth, frequency hopping total bandwidth, overlapping bandwidth, e.g., 
Table 6.4.1.4.3-1: SRS bandwidth configuration.
	

	

	

	

	


	
	

	

	

	

	

	

	

	


	…
	…
	…
	…
	…
	…
	…
	…
	…

	63
	272
	1
	16
	17
	8
	2
	4
	2

	…
	…
	…
	…
	…
	…
	…
	…
	…

	64
	A1
	1
	B1
	C1
	/
	/
	/
	/

	65
	A2
	1
	B2
	C2
	/
	/
	/
	/

	…
	…
	…
	…
	…
	…
	…
	…
	…


· Slightly update frequency hopping offset function in TS38.211 to subtract the effect of overlapping bandwidth, e.g., 

Time domain design
From the perspective of time domain, compared to MIMO SRS, time gap between adjacent hops should be additionally considered for SRS for positioning frequency hopping. Specifically, based on the framework of MIMO SRS frequency hopping, SRS for positioning may include the following:
For intra-slot frequency hopping, it may include the following:
1) Intra-slot time gap between adjacent hops within a SRS resource should be introduced. With the introduction of intra-slot time gap, the following should be considered.
· Indication of symbol-level ‘time gap’
· Update the following concept of , since OFDM symbols for an SRS resource are not fully consecutive due to ‘time gap’ between hops.
	-	 consecutive OFDM symbols given by the field nrofSymbols contained in the higher layer parameter resourceMapping


· Reuse quantity , which is the OFDM symbol number within a slot for the SRS resource
· Update the quantity ‘’ considering ‘time gap’ which denotes the actual symbol position within a slot for a SRS resource. 
e.g., the quantity ‘’ as the following used for SRS resource mapping should be updated

2) Reuse the repetition factor R to denote that one hop occupies R adjacent OFDM symbols
· The quantity R can be used to calculate the quantity , which counts the number of SRS transmissions. Additionally, it can help to determine the position of time gap within a slot.
· If intra-slot frequency hopping is configured, the quantity R can be given by repetitionFactor. If intra-slot frequency hopping is not supported or not configured, R=, which is the number of OFDM symbols within a slot for a SRS resource
3) Reuse the Table of the quantity  (that is, the table of relative RE offset), if there is no change towards the quantity . 
Table 6.4.1.4.3-2: The offset  for SRS as a function of  and .
	
	

	
	
	
	
	
	

	2
	0
	0,1
	0,1,0,1
	-
	-

	4
	-
	0, 2
	0, 2, 1, 3
	0, 2, 1, 3, 0, 2, 1, 3
	0, 2, 1, 3, 0, 2, 1, 3, 0, 2, 1, 3

	8
	-
	-
	0, 4, 2, 6
	0, 4, 2, 6, 1, 5, 3, 7
	0, 4, 2, 6, 1, 5, 3, 7, 0, 4, 2, 6


The following figure is an example of intra-slot frequency hopping, where =4, , R=2 and , =2 symbols.


Figure 4 4-symbol SRS resource within a slot for intra-slot frequency hopping
For some cases with larger switching time, larger comb size and symbol number for the SRS resource, or multiple SRS resources within a slot, frequency hopping cannot be completed within a slot and inter-slot frequency hopping should be supported. 
For inter-slot frequency hopping, it may include the following:
1) Inter-slot repetition within a SRS resource should be introduced.
· The inter-slot repetition mechanism of DL PRS can be reused.
2) Update the following function of the quantity  to further consider inter-slot repetition within a SRS resource, since it only considers inter-slot hopping across different periodical SRS instances.


Proposal 5: 
· For intra-slot time domain design of SRS for positioning frequency hopping, support the following:
· Reuse following parameters and mechanism for MIMO SRS frequency hopping
· The quantity of OFDM symbol number within a slot for an SRS resource: 
· Table of the   (the table of relative RE offset)
· Repetition factor R
· Introduce symbol-level ‘time gap’ within an SRS resource 
· Update the existing concept of for ‘concecutive OFDM symbols’, considering symbol-level ‘time gap’
· Update symbol position within a slot for an SRS resource:, considering symbol-level ‘time gap’
· For inter-slot time domain design of SRS for positioning frequency hopping, support the following:
· Introduce inter-slot repetition within an SRS resource
· Update the function of  the quantity considering inter-slot repetition within an SRS resource

Time and frequency domain hopping mapping (frequency hopping pattern)
In addition to the time and frequency design above, time and frequency domain hopping mapping (frequency hopping pattern) should also be considered.
For MIMO SRS time and frequency domain mapping, the following 2 functions are used for mapping, that is, to determine the mapping relationship between the frequency position index  associated with each hop and the counting number of SRS transmission  associated with each hop. It is observed that  is associated with  via a time-varying frequency hopping function . In other words,  determines the frequency hopping pattern of MIMO SRS.
	If , frequency hopping is enabled and the frequency position indices  are defined by

where  is given by Table 6.4.1.4.3-1,



For SRS for positioning frequency hopping, we think above functions to determine the frequency hopping pattern can also be reused. 
Assuming that , according to the above functions, when the number of hops is 4 and 5, the corresponding hop patterns are as follows.



Figure 5 frequency hopping pattern based on existing frequency hopping function 
It can be seen that based on existing frequency hopping function , the frequency hopping pattern can be staggered pattern. Then, for a certain hop, other hops that overlap with it in the frequency domain may not be time domain adjacent. Compared to the the diagonal frequency hopping pattern as the following, the staggered pattern may lead to a degradation in phase error estimation performance due to longer distances for overlapping bandwidth. However, based on our evaluation in previous contribution [3], it is observed that even under the condition of 4 slot gap, the staggered pattern only causes little accuracy drop, which is enough to meet the accuracy requirement. 



Figure 6 Diagonal frequency hopping pattern 
In addition, from the perspective of UE multiplexing capacity, staggered frequency hopping pattern will have a clear advantage over diagonal frequency hopping pattern. 
In our view, staggered frequency hopping pattern is preferred. So, there is no need to limit the overlapping hops to be adjacent in the time domain and introduce new function for diagonal hopping pattern. Regarding staggered frequency hopping pattern, the existing time-varying frequency hopping function  can be reused. 
Proposal 6: 
· For time and frequency mapping (frequency hopping pattern) of SRS for positioning frequency hopping, support the following
· Don’t limit the overlapping hops to be adjacent in the time domain. 
· Reuse the time-varying frequency hopping function  in TS 38.211 for staggered frequecny hopping pattern

· Reuse the functionof the frequency position indices  in TS 38.211

Switching time between hops
Based on RAN4 LS [4], for RedCap positioning frequency hopping, the switching time between hops can be the following. 
	· For RedCap UE UL SRS Tx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point
· SRS Tx frequency hopping range can be up to 100MHz.
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed.
· For UL SRS Tx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point
· SRS Tx frequency hopping range can be up to 400MHz
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed


From UE perspective, current values of switching time may be too challenging. For example, in FR1, with the SCS of 30kHz, the UE needs to complete the switching within 4 symbols at most; while with the SCS of 15kHz, the UE has to complete the switching within 2 symbols. Considering low power and low complexity features of RedCap UEs, larger switching time should be introduced up to UE capability, such as 210us, 500us for FR1, 210us for FR2.
Proposal 7: 
· For RedCap positioning frequency hopping switching time, the following values should be additional supported.
· 210us, 500us for FR1
· 210us for FR2
· Send an LS to RAN4 to confirm above values
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. 
[image: ]
Figure 7 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 1: 
· 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 8: 
· 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 

Collision rules of SRS for positioning frequency hopping
	Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 
· FFS: details on the collision rules


For Option 1, it seems that SRS along with the switching time always has higher priority than other signals/channels. However, this is inconsistent with our previous dropping rule. In Rel-16/17, regardless of whether it is in the RRC_CONNECTED state or the RRC_INACTIVE state, whether along with switching time or not, SRS has always been a low priority and dropped. In Rel-18, for SRS frequency hopping, we don’t find enough motivation to set SRS to always be high priority.
	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. 

	If the transmission of SRS for positioning outside the initial BWP in RRC_INACTIVE mode along with the switching time, indicated in higher layer parameter switchingTimeSRS-TX-OtherTX, in unpaired spectrum, subject to UE capability, collides in time domain with other DL signals or channels or UL signals or channels, the SRS for positioning transmission is dropped in the symbol(s) where the collision occurs.


The collision rules of R16/17 should be reused as much as possible, and corresponding enhancements considering the new issues for frequency hopping should be made based on this. So, Option 2 is preferred. 
For SRS for positioning frequency hopping, the collision rules with other UL and DL signals/channels may have some differences compared to 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 9: 
· For SRS for positioning frequency hopping collides with other DL/UL reception/transmission, Option 2 is supported with the following aspects.
· The dropping rules should include the following based on different scenarios and UE capabilities
· 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
Conclusion
In this contribution, we discuss RedCap positioning with the following observation and proposals.
Observation 1: 
· 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 1: 
· For PRS Rx frequency hopping, PPW-based method is not supported.
Proposal 2: 
· For frequency hopping report, support the following
· For ‘a single measurement based on receiving multiple hops’ and ‘one [or more] measurements where each measurement is associated with one received hop’, they cannot be reported together.
· For ‘one [or more] measurements where each measurement is associated with one received hop’, support indication of hop index along with each measurement.
· Note: different hop indices are not associated with actual hop locations, but are only used to distinguish each other
· Note: the associated hop indices are up to UE implementation other than network configuration 
Proposal 3: 
· For SRS for positioning frequency hopping within one SRS resource, support to reuse the framework of MIMO SRS frequency hopping as a starting point.
Proposal 4: 
· For frequency domain design of SRS for positioning frequency hopping, support the following.
· Reuse following parameters and mechanism for MIMO SRS frequency hopping
· freqDomainShift: 
· freqHopping:, and 
· freqDomainPosition: 
· Frequency hopping enable mechanism: ‘’, e.g., 
· Introduce ‘virtual UL BWP’ for hopping, similar to ‘SRS only BWP’ in RRC_INACTIVE state
· Slightly update rows of Table ‘SRS bandwidth configuration’ in TS38.211, considering number of hops, hop bandwidth, frequency hopping total bandwidth, overlapping bandwidth, e.g., 
Table 6.4.1.4.3-1: SRS bandwidth configuration.
	

	

	

	

	


	
	

	

	

	

	

	

	

	


	…
	…
	…
	…
	…
	…
	…
	…
	…

	63
	272
	1
	16
	17
	8
	2
	4
	2

	…
	…
	…
	…
	…
	…
	…
	…
	…

	64
	A1
	1
	B1
	C1
	/
	/
	/
	/

	65
	A2
	1
	B2
	C2
	/
	/
	/
	/

	…
	…
	…
	…
	…
	…
	…
	…
	…


· Slightly update frequency hopping offset function in TS38.211 to subtract the effect of overlapping bandwidth, e.g., 

Proposal 5: 
· For intra-slot time domain design of SRS for positioning frequency hopping, support the following:
· Reuse following parameters and mechanism for MIMO SRS frequency hopping
· The quantity of OFDM symbol number within a slot for an SRS resource: 
· Table of the   (the table of relative RE offset)
· Repetition factor R
· Introduce symbol-level ‘time gap’ within an SRS resource 
· Update the existing concept of for ‘concecutive OFDM symbols’, considering symbol-level ‘time gap’
· Update symbol position within a slot for an SRS resource:, considering symbol-level ‘time gap’
· For inter-slot time domain design of SRS for positioning frequency hopping, support the following:
· Introduce inter-slot repetition within an SRS resource
· Update the function of  the quantity considering inter-slot repetition within an SRS resource
Proposal 6: 
· For time and frequency mapping (frequency hopping pattern) of SRS for positioning frequency hopping, support the following
· Don’t limit the overlapping hops to be adjacent in the time domain. 
· Reuse the time-varying frequency hopping function  in TS 38.211 for staggered frequecny hopping pattern

· Reuse the function of the frequency position indices  in TS 38.211

Proposal 7: 
· For RedCap positioning frequency hopping switching time, the following values should be additional supported.
· 210us, 500us for FR1
· 210us for FR2
· Send an LS to RAN4 to confirm above values
Proposal 8: 
· 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 9: 
· For SRS for positioning frequency hopping collides with other DL/UL reception/transmission, Option 2 is supported with the following aspects.
· The dropping rules should include the following based on different scenarios and UE capabilities
· 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
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