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Introduction
The WID on positioning for RedCap UEs is approved in [1]. 
	· 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 paper, we share our views on frequency hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning.

PRS Rx frequency hopping
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1#114, the following CR in 5.1.6.5 in 38.214 on PRS Rx hopping had been achieved.
	……
The reduced capability UE may be configured to measure and report, subject to UE capability, via [higher layer parameter] the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference using receiver frequency hopping for a DL PRS resource, with bandwidth that may be greater than the maximum reduced capability UE bandwidth, within a configured measurement gap. The reduced capability UE performing receiver frequency hopping may be configured to report via [higher layer parameter] one measurement associated with one received frequency hop or one measurement based on multiple hops of the DL PRS. [In RRC_CONNECTED mode], the reduced capability UE is expected to use a single instance of a configured measurement gap to receive all hops of the DL PRS using receiver frequency hopping. 


In RAN1 previous meeting, the following agreement on PRS Rx hopping had been achieved.
	Agreement
PRS Rx frequency hopping for RRC_INACTIVE state and for RRC_IDLE state is supported for a RedCap UE.


In RRC_INACTIVE state and RRC_IDLE state, there is no gap configuration. For PRS Rx frequency hopping for RRC_INACTIVE state and for RRC_IDLE state, UE does not need to use measurement gap for PRS reception. Therefore, we have the following proposal.
Proposal 1: Adopt the following TP for section 5.1.6.5 in TS 36.214.
	Reason for change
	In RAN1 previous meeting, the following agreement on PRS Rx hopping had been achieved.
	Agreement
PRS Rx frequency hopping for RRC_INACTIVE state and for RRC_IDLE state is supported for a RedCap UE.


In RRC_INACTIVE state and RRC_IDLE state, there is no gap configuration. For PRS Rx frequency hopping for RRC_INACTIVE state and for RRC_IDLE state, UE does not need to use measurement gap for PRS reception.

	Summary of change
	Section 5.1.6.5 in 38.214: Clarify for PRS Rx frequency hopping in RRC_INACTIVE state and RRC_IDLE state, UE does not need to use measurement gap for PRS reception.

	Consequences if not approved
	UE behavior on PRS Rx frequency hopping in RRC_INACTIVE state and RRC_IDLE state is not clear. 

	Text proposal
	TS 38.214
5.1.6.5	PRS reception procedure
************** Unchanged parts omitted**************
The reduced capability UE may be configured to measure and report, subject to UE capability, via [higher layer parameter] the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference using receiver frequency hopping for a DL PRS resource, with bandwidth that may be greater than the maximum reduced capability UE bandwidth, within a configured measurement gap. The reduced capability UE performing receiver frequency hopping may be configured to report via [higher layer parameter] one measurement associated with one received frequency hop or one measurement based on multiple hops of the DL PRS. [In RRC_CONNECTED mode], the reduced capability UE is expected to use a single instance of a configured measurement gap to receive all hops of the DL PRS using receiver frequency hopping.
************** Unchanged parts omitted**************




SRS for positioning Tx frequency hopping
SRS hopping within one resource
In RAN1#114, the following CR in 6.2.1.4 in 38.214 on SRS hopping configuration had been achieved.
	……
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.


In RAN1#114, the following agreement on SRS hopping configuration had been achieved [2].
	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


We think all SRS frequency hopping related configuration parameters need to be captured in 6.2.1.4 in 38.214. Therefore, we have the following proposal.
Proposal 2: Adopt the following TP for section 6.2.1.4 in TS 38.214.
	Reason for change
	[bookmark: OLE_LINK5][bookmark: OLE_LINK8]All SRS frequency hopping related configuration parameters need to be captured in 6.2.1.4 in 38.214. 

	Summary of change
	Section 6.2.1.4 in 38.214: Clarify SRS frequency hopping related configuration parameters.

	Consequences if not approved
	SRS frequency hopping configuration is not clear in 38.214.

	Text proposal
	TS 38.214
6.2.1.4	UE sounding procedure for positioning purposes
************** Unchanged parts omitted**************
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 provided with the following parameters:be configured via [higher layer parameter] with the starting PRB of the first frequency hop.
-       The starting PRB of the first frequency hop in [higher layer parameter]
-	The starting slot offset and starting symbol for each hop in [higher layer parameter]
-	The number of symbols in each hops in [higher layer parameter]
-	The hop bandwidth in [higher layer parameter]
-	The overlap between hops, if present, in [higher layer parameter]
-       The number of hops in [higher layer parameter].

************** Unchanged parts omitted**************




The time for RF retuning
In RAN1#112, the following agreement on switching time to allow RF retuning between adjacent hops had been achieved [3].
	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.


In RAN1#114, the following agreement on the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping had been achieved [4]. Both UL time window and new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/ are supported.
	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 [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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without 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.


For Option 1, similar to DL PRS measurement, the network configures periodic SRS transmission windows to the UE, and the UE can complete a SRS frequency hopping transmission using one instance of SRS transmission window, as shown in the Figure 3.2-1. During the SRS transmission window, UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. 


Figure 3.2-1: SRS transmission window
For Option 2, there are two scheduling restriction rules can be considered. 
· Restriction rules 1: No receive/send operations are performed on the first X time units (e.g. X symbols) of each SRS resource start position, and no receive/send operations are performed on the last X time units (e.g. X symbols) of each SRS resource end position, as shown in Figure 3.2-2.


Figure 3.2-2: Scheduling Restriction rules 1 for SRS hopping within one resource

· Restriction rules 2: No receive/send operations are performed on X time units (e.g. X symbols) before the start position of each hop in each SRS resource, and no receive/send operations are performed on X time units (e.g. X symbols) after the end position of each hop in each SRS resource, as shown in Figure 3.2-3.

 
Figure 3.2-3: Scheduling Restriction rules 2 for SRS hopping within one resource

On Restriction rules 1, during SRS hoping transmission, UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. On Restriction rules 2, during SRS hoping transmission, UE may expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. In order to meet the requirements of redcap positioning for SRS transmission timing, the time gap between two SRS hop is very small (e.g., <1ms). It's impossible for UE to receive/transmit other signals/channels during SRS hoping transmission. Therefore, scheduling restriction rules 1 can be considered, if SRS hopping within one resource is supported.
Proposal 3: Scheduling restriction rules before ad after SRS hopping pattern should be supported.
Proposal 4: During SRS hoping transmission, UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning.

Collision rules
In RAN1#114, the following agreement on the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping had been achieved [2].
	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 [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: 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.






Regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, it was agreed that, both introducing UL time window and new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels are supported.

UL time window
In RAN1#114, the following agreement on UL time window configuration had been achieved [2].
	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


Considering that the number of symbols occupied by different SRS resources is different, that is, the time required for UE to receive different SRS resources is different. Different SRS resources can correspond to different UL window configuration parameters, such as the time length of UL time window and start time of UL time window. Therefore, per SRS resource or per SRS resource set configuration of the UL time window parameter should be supported, as shown in Figure 3.3.1-1.


Figure 3.3.1-1: per SRS resource or per SRS resource set configuration of the UL time window parameter
Proposal 5: Per SRS resource or per SRS resource set configuration of the UL time window parameter should be supported.

· UL time window activation/deactivation
In order to reduce the negative impact of measurement gaps on system throughput, R17 has enhanced the configuration of measurement gaps, mainly including pre-configured MG pattern(s), multiple concurrent and independent MG patterns and network controlled small gap(NCSG). When the network is configured with both measurement gaps and periodic uplink time windows, it will increase the probability of UE data transmission interruption. To minimize the negative impact of uplink time windows on data transmission, it is necessary to consider designing UL time window activation/deactivation mechanisms. For example, the network can activate the uplink time window for a period of time through MAC CE or DCI, as shown in Figure 3.3.1-2.


Figure 3.3.1-2: Schematic diagram of UL time window activation/deactivation mechanism
Proposal 6: UL time window activation/deactivation mechanisms (e.g., though DCI or MAC CE) should be supported.

· Aperiodic SRS transmission
For aperiodic SRS transmission, there are several schemes to determine the uplink time window and UE can only send SRS within the UL time window.
· Scheme 1: Configure the length of the uplink transmission window through high-level parameters, and DCI indicates the starting position of the uplink transmission window.
· Scheme 2: UE sends aperiodic SRS using a periodically configured uplink time window.
· Scheme 3: UE determines the starting position and length of the uplink time window based on the SRS resource time position in the SRS resource set triggered by DCI.
For Scheme 1, network can flexibly indicate the starting position of the uplink time window (i.e. indicates a time offset relative to the end position of the DCI reception) through DCI. UE can determine the UL time window for aperiodic SRS transmission based on the time offset value and the length of UL time window, as shown in Figure 3.3.1-3. This scheme can increase the probability of SRS transmission triggered by the DCI.


Figure 3.3.1-3: DCI indicates the starting position of UL time window
For Scheme 2, aperiodic SRS still utilizes the periodic UL time window configured by the network for SRS transmission, as shown in Figure 3.3.1-4. In this case, the SRS resource set triggered by DCI cannot fully overlap with the UL time window, resulting in unsuccessful SRS transmission triggered by DCI.


Figure 3.3.1-4: Aperiodic SRS still utilizes the periodic UL time window configured by the network for SRS transmission
For Scheme 3, UE can determine the starting position of the UL time window based on the earliest SRS resource in the time domain in the SRS resource set triggered by DCI, as shown in Figure 3.3.1-5. In addition, the network can configure the length of the UL time window or the UE can determine the end position of the UL time window based on the latest SRS resource in the time domain position in the SRS resource set triggered by DCI. This scheme can also increase the success probability of aperiodic SRS transmission.


Figure 3.3.1-5: UE determines the starting position and length of the uplink time window based on the SRS resource time position in the SRS resource set triggered by DCI

Proposal 7: For aperiodic SRS transmission, the following two schemes to determine the UL time window can be considered.
· Configure the length of the uplink transmission window through high-level parameters, and DCI indicates the starting position of the uplink transmission window.
· UE determines the starting position and length of the uplink time window based on the SRS resource time position in the SRS resource set triggered by DCI.

· Validity criteria for UL time window
For periodic UL time window configurations, some UL time transmissions may not overlap with SRS resources or may not fully overlap with SRS resources, as shown in the following Figure. In this case, UE cannot utilize these UL time windows for SRS transmission. In order to further reduce the impact of UL time window on data transmission, we need to define UL time window validity criteria, which can be used by UE to determine whether the UL time window is valid. UE can transmit to other channels within an invalid UL time window. A simple validity criterion is that a valid UL time window needs to include at least one complete SRS resource for SRS hopping transmission.


Figure 3.3.1-6: The example of timing between SRS resource and UL time window
Proposal 8: UL time window validity criteria should be defined in specification.

· Collision between UL time window and  measurement gap 
For periodic UL time windows, the UL time window configured by the network may overlap with the measurement gap in the time domain, as shown in Figure X. 


Figure 3.3.1-7: The example of timing between measurement gap and UL time window
In this case, it is necessary to define the priority of measurement gaps and UL time windows. The following two Options can be considered.
· Option 1: When the UL time window overlaps with the measurement gap, the UL time window becomes invalid.
· Option 2: When the UL time window overlaps with the measurement gap, the measurement gap becomes invalid.
For Option 1, when the UL time window overlaps with the measurement gap, the UL time window becomes invalid. In this case, there is no impact on the requirements for RRM measurement in RAN4.
For Option 2, when the UL time window overlaps with the measurement gap, the measurement gap becomes invalid. In this case, there is significant impact on the requirements for RRM measurement in RAN4. 
Therefore, we prefer that when the UL time window overlaps with the measurement gap, the UL time window becomes invalid.
Proposal 9: When the UL time window overlaps with the measurement gap, the UL time window becomes invalid.

New collision rules
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In existing specification, when the UL SRS-Pos conflicts with other uplink channels/signals (e.g., PUSCH and PUCCH), the SRS-Pos are dropped without affecting the transmission of PUSCH/PUCCH. However, for SRS hopping for redcap positioning, a single SRS transmission contains multiple SRS frequency hops. When one or more SRS frequency hops collide with other UL and DL signals/channels in once SRS transmission, it is necessary to discuss how to define collision handling rules. There are following servals  collision handling rules can be considerd.
· Collision rule 1: When one or more SRS frequency hops collide with other UL and DL signals/channels in once SRS transmission, all SRS hops are dropped.


Figure 3.3.2-1: Example of collision rule 1
· Collision rule 2: When one or more SRS frequency hops collide with other UL and DL signals/channels in once SRS transmission, only these affected SRS hops are dropped.


Figure 3.3.2-2: Example of collision rule 2
 
· Collision rule 3: If there are N non-affected SRS hops in the time domain in once SRS transmission, UE needs to perform the transmission of these N SRS hops, where N is not less than M (as shown in Figure X, M=3). M is configured by the network.


Figure 3.3.2-3: Example of collision rule 3


Figure 3.3.2-4: Example of collision rule 3
For collision rule 1, the probability of SRS transmission will significantly decrease. In some cases, even if some SRS hop collides with other UL and DL signals/channels in once SRS transmission, sending SRS using non colliding SRS hop resources can still meet the requirements of positioning accuracy.
For collision rule 2, it will cause invalid SRS transmission, thereby wasting UE power.
For collision rule 3, it is a compromise between collision rule 1 and collision rule 2. The network can configure the value of M based on positioning accuracy requirements.
We prefer supporting collision rule 3.
Proposal 10: For Option 2, the new collision rule should be defined as follow:
· If there are N non-affected SRS hops in once SRS transmission, UE needs to transmit SRS using the N non-affected SRS hops, where N is not less than M,  otherwise, all hops are dropped. M is configured by the network.

Conclusion
In this contribution, we provided views on Redcap positioning. In summary, we have following observations and proposals:
Proposal 1: Adopt the following TP for section 5.1.6.5 in TS 36.214.
	Reason for change
	In RAN1 previous meeting, the following agreement on PRS Rx hopping had been achieved.
	Agreement
PRS Rx frequency hopping for RRC_INACTIVE state and for RRC_IDLE state is supported for a RedCap UE.


In RRC_INACTIVE state and RRC_IDLE state, there is no gap configuration. For PRS Rx frequency hopping for RRC_INACTIVE state and for RRC_IDLE state, UE does not need to use measurement gap for PRS reception.

	Summary of change
	Section 5.1.6.5 in 38.214: Clarify for PRS Rx frequency hopping in RRC_INACTIVE state and RRC_IDLE state, UE does not need to use measurement gap for PRS reception.

	Consequences if not approved
	UE behavior on PRS Rx frequency hopping in RRC_INACTIVE state and RRC_IDLE state is not clear. 

	Text proposal
	TS 38.214
5.1.6.5	PRS reception procedure
************** Unchanged parts omitted**************
The reduced capability UE may be configured to measure and report, subject to UE capability, via [higher layer parameter] the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference using receiver frequency hopping for a DL PRS resource, with bandwidth that may be greater than the maximum reduced capability UE bandwidth, within a configured measurement gap. The reduced capability UE performing receiver frequency hopping may be configured to report via [higher layer parameter] one measurement associated with one received frequency hop or one measurement based on multiple hops of the DL PRS. [In RRC_CONNECTED mode], the reduced capability UE is expected to use a single instance of a configured measurement gap to receive all hops of the DL PRS using receiver frequency hopping.
************** Unchanged parts omitted**************


Proposal 2: Adopt the following TP for section 6.2.1.4 in TS 38.214.
	Reason for change
	All SRS frequency hopping related configuration parameters need to be captured in 6.2.1.4 in 38.214. 

	Summary of change
	Section 6.2.1.4 in 38.214: Clarify SRS frequency hopping related configuration parameters.

	Consequences if not approved
	SRS frequency hopping related configuration is not ckear.

	Text proposal
	TS 38.214
6.2.1.4	UE sounding procedure for positioning purposes
************** Unchanged parts omitted**************
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 provided with the following parameters:be configured via [higher layer parameter] with the starting PRB of the first frequency hop.
-       The starting PRB of the first frequency hop in [higher layer parameter]
-	The starting slot offset and starting symbol for each hop in [higher layer parameter]
-	The number of symbols in each hops in [higher layer parameter]
-	The hop bandwidth in [higher layer parameter]
-	The overlap between hops, if present, in [higher layer parameter]
-       The number of hops in [higher layer parameter].

************** Unchanged parts omitted**************


Proposal 3: Scheduling restriction rules before ad after SRS hopping pattern should be supported.
Proposal 4: During SRS hoping transmission, UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning.
Proposal 5: Per SRS resource or per SRS resource set configuration of the UL time window parameter should be supported.
Proposal 6: UL time window activation/deactivation mechanisms (e.g., though DCI or MAC CE) should be supported.
Proposal 7: For aperiodic SRS transmission, the following two schemes to determine the UL time window can be considered.
· Configure the length of the uplink transmission window through high-level parameters, and DCI indicates the starting position of the uplink transmission window.
· UE determines the starting position and length of the uplink time window based on the SRS resource time position in the SRS resource set triggered by DCI.
Proposal 8: UL time window validity criteria should be defined in specification.
Proposal 9: When the UL time window overlaps with the measurement gap, the UL time window becomes invalid.
Proposal 10: For Option 2, the new collision rule should be defined as follow:
· If there are N non-affected SRS hops in once SRS transmission, UE needs to transmit SRS using the N non-affected SRS hops, where N is not less than M,  otherwise, all hops are dropped. M is configured by the network or predefined.
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