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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].


In this contribution, we will present our views on remaining issues on RedCap positioning.
Remaining issues on frequency hopping
In this section, we present our views on potential design of DL and UL frequency hopping.
DL PRS Rx frequency hopping
Report of measurement
Regarding DL PRS Rx frequency hopping, the following agreement in RAN1#113[2] was achieved.
	Agreement
The previous agreement is updated as follows:
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  measurement where a 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 measurement where a 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 the measurement report, an indication may be needed to distinguish measurements based on multiple hops or one hop.
Proposal 1: 
· An indication in measurement report may be needed to distinguish measurements based on multiple hops or one hop.

SRS for positioning frequency hopping
SRS for positioning frequency hopping design
Regarding SRS for positioning frequency hopping design, the following agreement in RAN1#113[2] was achieved.
	Agreement(RAN1#113)
For the SRS Tx hopping pattern configuration support at least the staircase pattern, including a wrapped staircase pattern.
· Support configuring the starting PRB of the first hop
· FFS: details of signalling of PRB overlap across consecutive hops and bandwidth of each hop
Agreement(RAN1#113)
Response to RAN4 on the need of additional switching time:
· It is RAN1’s view that for UL SRS for positioning Tx frequency hopping, switching time before the first hop and after the last hop need to be defined for the SRS for positioning with Tx frequency hopping. 
· RAN4 is kindly requested to evaluate the applicable switching time (if any) required ahead of the first hop and after the last hop, considering potential differences (in e.g. SCS, bandwidth, CP) between initial/active UL BWP and UL SRS for positioning Tx frequency hopping.


It was agreed that support configuring the starting PRB of the first hop. Based on the above agreements, it seems that the first hop here seems to be the first hop in time domain. However, in the agreed CR[4], corresponding descriptions are captured as ‘the starting PRB of the first frequency hop’. So, further clarification regarding ‘the starting PRB of the first hop’ in pervious agreement is needed. In our view, to align with the agreed CR, the agreement can be updated as ‘Support configuring the starting PRB of the first frequency hop’.
	The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode.  The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain. When the reduced capability UE is configured to perform transmit frequency hopping it expects to be configured via [higher layer parameter] with the starting PRB of the first frequency hop.


Proposal 2: 
· Clarify that ‘the first hop’ for starting PRB configuration in previous agreement is ‘the first frequency hop’.
· Update the previous agreement as the following.
	Agreement(RAN1#113)
For the SRS Tx hopping pattern configuration support at least the staircase pattern, including a wrapped staircase pattern.
· Support configuring the starting PRB of the first frequency hop
· FFS: details of signalling of PRB overlap across consecutive hops and bandwidth of each hop



Regarding SRS for positioning frequency hopping design, the following agreements [2] in RAN1#114 were achieved.
	Agreement
For the SRS Tx hopping, both hopping patterns (i.e. one cycle containing all the hops) that can span across slots or fit within one slot are supported.
· FFS: determination of the starting symbol position for each hop
· FFS: duration of each hop
Agreement
SRS for positioning with Tx hopping can be configured outside of the active UL BWP
· The configuration may include SCS, CP size and bandwidth (position and size), which can use a SCS, CP size and bandwidth different from the UL active BWP
Agreement
For SRS Tx hopping, the configuration includes:
· a hop bandwidth common to all hops
· FFS: possible values
· a single overlap value can be configured for all hops for the SRS resource
· FFS: possible values 
· The starting slot offset and starting symbol for the SRS resource with tx hopping (first hop)
· FFS: possible values  
· the starting slot offset and symbol for each of the hops following the first hop, 
· Note Up to ran2 to design signaling of the starting position for each hop, i.e. how the SRS resource configuration signaling indicates the starting slot offset and starting symbol for the hops following the first hop
· FFS: possible values 
· The number of consecutive symbols in a hop common to all hops
· FFS: possible values 
· The number of hops 
· FFS: possible values 
· UE does not expect to be configured for any hops across slot boundaries, i.e.the starting position + duration of a hop cannot exceed a slot duration
· FFS: whether/how special handling for the last hop overlap






Figure 1 Regular staircase pattern and wrapped staircase pattern of 4 hops
It was agreed in RAN1#113, SRS Tx hopping pattern supports the staircase pattern as the above figure and the following configuration was supported:
· The starting PRB of the first frequency hop
To further determine the frequency domain position of hops, in RAN1#114, the following configurations were supported:
· A hop bandwidth common to all hops
· A single overlap value can be configured for all hops for the SRS resource
· The number of hops
However, the subband index of the first hop should also be configured to determine frequency domain position of hops. Due to wrapped staircase pattern, without the subband index of the first hop, it may be hard to derive the frequency location of following hops. For the subband index of each hop, subband index#0 indicates the subband with the lowest position in the frequency domain, and increases sequentially.  
For example, to determine the starting PRB of each hop, the following equations may be considered.
	
 is the frequency offset of each hop with respect to the start PRB of the first frequency hop, where
· is the subband index of the first hop (first time hop)
·  is the hop index for each hop
·  is the number of hops
·  is bandwith of each hop in PRB
·  is the overlapping bandwidth between hops in PRB


Proposal 3: 
· The subband index of the first hop (first time hop) should be configured for SRS for positioning frequency hopping.
To further determine the time domain position of hops, in RAN1#114, the following configurations were supported.
· The starting slot offset and starting symbol for the SRS resource with tx hopping (first hop)
· The starting slot offset and symbol for each of the hops following the first hop, 
· The number of consecutive symbols in a hop common to all hops
· The number of hops 
The above configurations seem sufficient to determine the time domain position of each hop. Considering these configurations, the previous framework for SRS resource in TS38.211 are not applicable anymore as the mapping is per-SRS resource basis in a slot. So, per-hop basis mapping framework should be supported, e.g., per-hop basis sequence generation, per-hop basis sequence mapping to physical resources.
The following table of ‘Relative RE offset’ is an example of per-SRS resource basis mapping in a slot  .
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


Then, for per-hop basis mapping, the Table of ‘Relative RE offset’ should be changed as the following.
Table 6.4.1.4.3-xx: The offset  for a SRS hop 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


Wherein,
 is relative RE offset for a hop,
 is the symbol index within a hop, 
 is the number of symbol for a hop.
Proposal 4: 
· For SRS for positioning frequency hopping captured in TS38.211, support per-hop basis framework, e.g., per-hop basis sequence generation, per-hop basis sequence mapping to physical resources.
Regarding the possible values for SRS for positioning frequency hopping configurations, the following can be considered.
· A hop bandwidth common to all hops
According to the following table in TS38.101-1/2, the maximum transmission bandwidth for 20MHz in FR1 can be 106, 51, 24 RBs for different SCSs, and the maximum transmission bandwidth for 100MHz in FR2 can be 132, 66 for different SCSs. Therefore, for the potential values of hop bandwidth in RB, the maximum value can be 132. Then, considering the granularity for SRS can be 4 RB, so the values of hop bandwidth can be {4,8,12,16…, 128, 132}RBs.
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1(FR1): Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	189
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	93
	107
	121
	135


Table 5.3.2-1(FR2): Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



· A single overlap value can be configured for all hops for the SRS resource
For the overlap bandwidth, as we evaluated in our previous contribution [5], the balance between phase error compensation performance and bandwidth span of frequency hopping should be considered, so that overlap bandwidth no larger than 8 RBs can be considered. So, the values of  overlap bandwidth can be {1,2,..8}RBs.
· The starting slot offset and starting symbol for the SRS resource with Tx hopping (first hop)

The values can refer to the values of slot offset and starting symbol for a SRS resource for positioning. The the values of starting slot offset can be {0,1,2…, -1}; and the values of starting symbol can be {0,1,2,…13}.
· The starting slot offset and symbol for each of the hops following the first hop

Similarly, the values can refer to the values of slot offset and starting symbol for a SRS resource for positioning. The the values of starting slot offset can be {0,1,2…, -1}; and the values of starting symbol can be {0,1,2,…13}.
· The number of consecutive symbols in a hop common to all hop
The values can refer to the values of number of symbols for a SRS resource for positioning. So, the number of consecutive symbols in a hop can be {1,2,4,8,12}.
· The number of hops
The values may be related to UE capability. We propose the potential values can be {2,3,4…6}.
· The starting PRB of the first frequency hop
The values can refer to the values {0..268} of freqDomainShift for a SRS resource. However, considering that the minimum number of hops can be 2, with the minimum bandwidth of 4 PRBs and overlap bandwidth of 3 PRBs, the maximum value of starting PRB of the first frequency hop should be 267 rather than 268. So, the values of the starting PRB of the first frequency hop can be {0..267}.
Proposal 5: 
· For the possible values of SRS for positioning frequency hopping configuration, support the following
· Hop bandwidth: {4,8,12,16…, 128, 132}RBs
· Overlap bandwidth: {1,2,..8}RBs
· The starting slot offset and starting symbol for the SRS resource with tx hopping
· 
Starting slot offset: {0,1,2…, -1} in slot
· Starting symbol: {0,1,2,…13} in symbol
· The starting slot offset and symbol for each of the hops following the first hop
· 
Starting slot offset: {0,1,2…, -1} in slot.
· Starting symbol: {0,1,2,…13} in symbol
· The number of consecutive symbols in a hop: {1,2,4,8,12}
· The number of hops: {2,3,4…6}
· The starting PRB of the first frequency hop: {0..267} in RB 
Regarding the FFS: whether/how special handling for the last hop overlap, in our view, it is up to gNB implementation to configure suitable values for frequency hopping, there is no need to introduce special handling for the last hop overlap.
Proposal 6: 
· No need to introduce special handling for the last hop overlap.

Collision rules of SRS for positioning frequency hopping
	Agreement
the RAN1#113 agreement is amended as follow
	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, support both of the following options 
· Option 1: UL time window where the UE is not expected to 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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without [or outside] UL time window (i.e. option 1)
· FFS: details on the collision rules
· Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.



Agreement
The UL time window for UL SRS for positioning with Tx hopping can be configured to be periodic with configurable starting SFN, slot and symbol number, periodicity, duration
· FFS values for starting SFN, slot and symbol number, periodicity and duration


One remaining issue for Option 2 is whether it can apply outside UL time window. This issue depends on whether SRS frequency hopping outside the UL time window is allowed if UL time window is configured. The motivation is not clear for the case where one part of hops is within a higher priority UL time window, while the other part of hops is outside the window and has lower priority. In our view, if the UL time window is configured, the UL time window should contain all hops, and the same priority and collision rule should be kept across all hops.
Proposal 7: 
· The UE is not expected to perform SRS for positioning frequency hopping outside UL time window if the UL time window is configured.
· Regarding collision between SRS for positioning frequency hopping and other signals/channels, Option 2 cannot apply outside UL time window.
Another remaining issue is the details of Option 2. Option 2 provides more flexibility for the network to handle SRS FH with other signal/channel priorities, which treats SRS as low priority, consistent with the SRS priority in Rel-16/17. 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, in general, SRS for positioning is a low priority and dropped. The following descriptions are examples for SRS for positioning collision handling.
	TS38.214 SRS for positioning collides with scheduled PUSCH
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. 

	TS38.214 SRS for positioning collision rules in RRC_INACTIVE
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.
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 paired spectrum or SUL band, subject to UE capability, collides in time domain with UL signals or channels on the same carrier, the SRS for positioning transmission is dropped in the symbol(s) where the collision occurs.

	TS 38.213 For TDD, SRS collides with dynamic scheduled CSI-RS or PDSCH
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	....  
-	The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .

	TS 38.213 For TDD, SRS collides with downlink or flexible symbols(s) indicated by SFI
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	…. 
-	The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .

	TS 38.213 For HD-FDD, SRS collides with dynamic scheduled CSI-RS or PDSCH
If a HD-UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH in a set of symbols and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	….
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH.


For Option 2, low priority SRS should be supported. However, for SRS for positioning frequency hopping, the dropping rules with other UL and DL signals/channels may have some differences compared to legacy dropping rules of SRS for positioning. For legacy dropping 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, there may be two alternatives that can be considered for SRS for positioning frequency hopping.
· Alt 1: UE drop the collision symbols considering the switching time 
· Alt 2: UE drop all the SRS hops
Alt 1 is a more straightforward way, which is similar to current dropping rule for SRS transmission outside the initial BWP in RRC_INACTIVE state along with the swiching time. 
However, Alt 1 has the following problems.
Firstly, dropping part of hops/symbols may lead phase discontinuity between hops, the performance gain of frequency hopping will be largerly reduced as shown in the following figure.


Figure 2 Only part of hops/symbols is dropped for Alt 1

[image: ]
Figure 3 Frequency hopping performance of phase discontinuity
Secondly, refer to the following figure, if only part of symbols of a hop is not affected, does it necessary that the UE switches back to perform remaining SRS frequency hopping from the active BWP, espacially considering larger switch time from/to active BWP (e.g., 0.5ms)? The benefit of dropping only part of symbols of hops is not clear in this case and needs further clarified by the proponents.


Figure 4 Only part of hops/symbols are dropped for Alt 1
Lastly, 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. 
Observation 1: 
· Alt 1 (UE drops affected SRS symbols) will bring higher UE complexity and require higher UE capability without potential performance gain.
For Alt 2, the UE treats multiple hops as a whole transmission rather than independent transmissions, such as multiple hops within a UL time window, 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) and the UE switches from one hop to the next hop directly. 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/power requirement, the RedCap 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. Therefore, dropping all SRS hops is more friendly to complexity/power reduction and more consistent with UE capability for RedCap UE.
Observation 2: 
· Alt 2 (UE drops all the SRS hops) is more complexity/power friendly and more consistent with UE capability for RedCap UE.
Therefore, comparing Alt 1 and Alt 2, at least Alt 1 should be supported.
Proposal 8: 
· For Option 2: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels, support UE dropping all the SRS hops when collision happens.
In our view, the detailed collision rule of Alt 2 should focus on higher-layer configured SRS frequency hopping v.s. dynamic scheduled PUSCH, dynamic scheduled PDSCH/CSI-RS (for TDD or HD-FDD) and dynamic scheduled DL/flexible symbols (in TDD). And other cases such as higher-layer configured SRS frequency hopping v.s. higher-layer configured RS/channels, or dynamic scheduled SRS frequency hopping v.s. dynamic scheduled RS/channels should be treated as error case, since the collision can be avoided based on Network implementation.
Regarding details of dropping all SRS hops, it may include the following cases. It should be noted that the changed part marked in red.
· Case 1: For SRS frequency hopping collides with scheduled PUSCH, the following descriptions should be adopted in TS38.214.
	For operation on the same carrier, if an SRS for positioning frequency hopping along with switching time for the reduced capability UE collides with a scheduled PUSCH, the SRS symbols across all hops are dropped.


· Case 2: For SRS frequency hopping collision rules in RRC_INACTIVE, the following descriptions should be adopted in TS38.214.
	If the transmission of SRS for positioning frequency hopping for the reduced capability UE 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) across all hops.
If the transmission of SRS for positioning frequency hopping for the reduced capability UE in RRC_INACTIVE mode along with the switching time, indicated in higher layer parameter [switchingTimeSRS-TX-OtherTX], in paired spectrum or SUL band, subject to UE capability, collides in time domain with UL signals or channels on the same carrier, the SRS for positioning transmission is dropped in the symbol(s) across all hops.


· Case 3: For the operation of TDD, for SRS frequency hopping collides with dynamic scheduled CSI-RS or PDSCH, the following descriptions should be adopted in TS 38.213.
	[bookmark: _Hlk131515778]For operation on a single carrier in unpaired spectrum, if a reduced capability UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then
-	The UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops. 
 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .




Figure 5 An example of dropping all the SRS hops (Case 3~5)
· Case 4: For the operation of TDD, for SRS frequency hopping collides with DL symbols or flexible symbols indicated by SFI, the following descriptions should be adopted in TS38.213.
	If a reduced capability UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	The UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops.
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .


· Case 5:For the operation of HD-FDD, for SRS frequency hopping collides with dynamic scheduled CSI-RS or PDSCH, the following descriptions should be adopted in TS 38.213.
	If a HD-UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH.


Proposal 9: 
· For UE dropping all the SRS hops, the descriptions of case1~5 should be adopted into the specification.
· Case 1: For SRS frequency hopping collides with scheduled PUSCH, the following descriptions should be adopted in TS38.214.
	For operation on the same carrier, if an SRS for positioning frequency hopping along with switching time for the reduced capability UE collides with a scheduled PUSCH, the SRS symbols across all hops are dropped.


· Case 2: For SRS frequency hopping collision rules in RRC_INACTIVE, the following descriptions should be adopted in TS38.214.
	If the transmission of SRS for positioning frequency hopping for the reduced capability UE 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) across all hops.
If the transmission of SRS for positioning frequency hopping for the reduced capability UE in RRC_INACTIVE mode along with the switching time, indicated in higher layer parameter [switchingTimeSRS-TX-OtherTX], in paired spectrum or SUL band, subject to UE capability, collides in time domain with UL signals or channels on the same carrier, the SRS for positioning transmission is dropped in the symbol(s) across all hops.


· Case 3: For the operation of TDD, for SRS frequency hopping collides with dynamic scheduled CSI-RS or PDSCH, the following descriptions should be adopted in TS 38.213.
	For operation on a single carrier in unpaired spectrum, if a reduced capability UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then
-	The UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops. 
 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .


· Case 4: For the operation of TDD, for SRS frequency hopping collides with DL symbols or flexible symbols indicated by SFI, the following descriptions should be adopted in TS38.213.
	If a reduced capability UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	The UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops.
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .


· Case 5:For the operation of HD-FDD, for SRS frequency hopping collides with dynamic scheduled CSI-RS or PDSCH, the following descriptions should be adopted in TS 38.213.
	If a HD-UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH.


Conclusion
In this contribution, we discuss remaining issues on RedCap positioning with the following observation and proposals.
Observation 1: 
· Alt 1 (UE drops affected SRS symbols) will bring higher UE complexity and require higher UE capability without potential performance gain.
Observation 2: 
· Alt 2 (UE drops all the SRS hops) is more complexity/power friendly and more consistent with UE capability for RedCap UE.
Proposal 1: 
· An indication in measurement report may be needed to distinguish measurements based on multiple hops or one hop.
Proposal 2: 
· Clarify that ‘the first hop’ for starting PRB configuration in previous agreement is ‘the first frequency hop’.
· Update the previous agreement as the following.
	Agreement(RAN1#113)
For the SRS Tx hopping pattern configuration support at least the staircase pattern, including a wrapped staircase pattern.
· Support configuring the starting PRB of the first frequency hop
· FFS: details of signalling of PRB overlap across consecutive hops and bandwidth of each hop


Proposal 3: 
· The subband index of the first hop (first time hop) should be configured for SRS for positioning frequency hopping.
Proposal 4: 
· For SRS for positioning frequency hopping captured in TS38.211, support per-hop basis framework, e.g., per-hop basis sequence generation, per-hop basis sequence mapping to physical resources.
Proposal 5: 
· For the possible values of SRS for positioning frequency hopping configuration, support the following
· Hop bandwidth: {4,8,12,16…, 128, 132}RBs
· Overlap bandwidth: {1,2,..8}RBs
· The starting slot offset and starting symbol for the SRS resource with tx hopping
· 
Starting slot offset: {0,1,2…, -1} in slot
· Starting symbol: {0,1,2,…13} in symbol
· The starting slot offset and symbol for each of the hops following the first hop
· 
Starting slot offset: {0,1,2…, -1} in slot.
· Starting symbol: {0,1,2,…13} in symbol
· The number of consecutive symbols in a hop: {1,2,4,8,12}
· The number of hops: {2,3,4…6}
· The starting PRB of the first frequency hop: {0..267} in RB 
Proposal 6: 
· No need to introduce special handling for the last hop overlap.
Proposal 7: 
· The UE is not expected to perform SRS for positioning frequency hopping outside UL time window if the UL time window is configured.
· Regarding collision between SRS for positioning frequency hopping and other signals/channels, Option 2 cannot apply outside UL time window.
Proposal 8: 
· For Option 2: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels, support UE dropping all the SRS hops when collision happens.
Proposal 9: 
· For UE dropping all the SRS hops, the descriptions of case1~5 should be adopted into the specification.
· Case 1: For SRS frequency hopping collides with scheduled PUSCH, the following descriptions should be adopted in TS38.214.
	For operation on the same carrier, if an SRS for positioning frequency hopping along with switching time for the reduced capability UE collides with a scheduled PUSCH, the SRS symbols across all hops are dropped.


· Case 2: For SRS frequency hopping collision rules in RRC_INACTIVE, the following descriptions should be adopted in TS38.214.
	If the transmission of SRS for positioning frequency hopping for the reduced capability UE 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) across all hops.
If the transmission of SRS for positioning frequency hopping for the reduced capability UE in RRC_INACTIVE mode along with the switching time, indicated in higher layer parameter [switchingTimeSRS-TX-OtherTX], in paired spectrum or SUL band, subject to UE capability, collides in time domain with UL signals or channels on the same carrier, the SRS for positioning transmission is dropped in the symbol(s) across all hops.


· Case 3: For the operation of TDD, for SRS frequency hopping collides with dynamic scheduled CSI-RS or PDSCH, the following descriptions should be adopted in TS 38.213.
	For operation on a single carrier in unpaired spectrum, if a reduced capability UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then
-	The UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops. 
 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .


· Case 4: For the operation of TDD, for SRS frequency hopping collides with DL symbols or flexible symbols indicated by SFI, the following descriptions should be adopted in TS38.213.
	If a reduced capability UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	The UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops.
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .


· [bookmark: _GoBack]Case 5:For the operation of HD-FDD, for SRS frequency hopping collides with dynamic scheduled CSI-RS or PDSCH, the following descriptions should be adopted in TS 38.213.
	If a HD-UE is configured by higher layers to transmit SRS for positioning frequency hopping along with switching time in a set of symbols across all hops and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the set of symbols across all hops. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH.
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