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Introduction
During RAN1#112bis-e, discussion was carried out on the support of frequency hopping based reception of DL PRS and transmission of UL SRS for positioning of RedCap UEs. For PRS Rx frequency hopping, it seems that most of remaining work are more related to RAN4 [1]. However, for SRS Tx frequency hopping, there are still some open issues from the perspective of RAN1.
To take a step forward, we present our views on the remaining work on PRS Rx frequency hopping and potential enhancement on UL SRS Tx frequency hopping.
Discussion on PRS Rx frequency hopping
For DL-PRS frequency hopping reception, several issues were discussed during RAN1#112bis-e meeting, including the DL PRS configuration for the support of Rx hopping, MG configuration, PPW based measurement. For the DL PRS configuration and MG configuration, companies prefer to wait for the feedback or progress from RAN4. For MG-based v.s. PPW-based/MG-less, in our opinion, the MG-based measurement for DL PRS is sufficient, so it is not necessary to introduce the PPW-based solution that may break the condition with respect to PRS BW and active DL BW. Within the measurement gap, we think the details of Rx hopping for DL PRS (e.g. Rx hopping pattern) are more related to the RAN4 RRM requirements for positioning of RedCap UEs. 
Proposal 1: Do not further consider PPW-based/ MG-less scheme for PRS Rx frequency hopping for the target UE.

Discussion on SRS Tx frequency hopping
General
For SRS frequency hopping mechanism, recall that RAN1#112 agreed to use a configuration separate from the active BWP. Furthermore, during RAN1#112bis-e, the SRS configuration level (intra/inter SRS resources), SRS configuration parameters and collision rules are discussed, and some progress have been made. Related agreements are excerpted as follows.
	RAN1#112 Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources



	RAN1#112bis-e 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 
· [bookmark: _Hlk134518451]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



[bookmark: _Hlk130397033]Observation 1: The pos-SRS configuration for positioning frequency hopping for RedCap UEs can be decoupled from the existing BWP configuration.
To facilitate SRS Tx frequency hopping for RedCap UEs, we think there are several major issues that should be handled in this meeting. 
1) The design of pos-SRS configuration for Tx frequency hopping to realize its decoupling from the existing BWP configuration
2) Potential enhancements of pos-SRS configuration to achieve Tx frequency hopping within one SRS resource
3) Collision issue between SRS and other UL&DL signals/channels

Decoupling of pos-SRS configuration from the existing BWP configuration
Recall that Rel-17 already supports INACTIVE state SRS transmission outside initial UL BWP, which could provide some initial thoughts on SRS frequency hopping transmission for RedCap UEs in INACTIVE state as well as CONNECTED state. In the following, we present our views on the design of pos-SRS configuration to realize its decoupling from the existing BWP configuration for RedCap UEs in RRC_INACTIVE and RRC_CONNECTED state, respectively.
SRS Tx hopping for RedCap UEs in RRC_INACTIVE state
For RRC_INACTIVE UE, we first made the following agreements on SRS transmission during Rel-17 RAN1#107-e. Furthermore, for Option 2 of SRS transmission in RRC_INACTIVE, a UE capability for switching time between SRS Tx and other Tx in initial UL BWP or Rx in initial DL BWP is introduced, which can be considered as a baseline for the study of fast switching of SRS Tx transmission between adjacent hops for RedCap positioning adopting frequency hopping.
	[bookmark: _Hlk114481062]Agreement
· The following options are supported for SRS for positioning transmission by RRC_INACTIVE UEs:
· Option 1:
· Subject to UE capability (which is a prerequisite for option 2), a UE may be configured with an SRS for Positioning associated with the initial UL BWP and transmitted, during the RRC_INACTIVE state, inside the initial UL BWP with the same CP and SCS as configured for initial UL BWP.
· Option 2:
· Subject to UE capability, a UE may be configured with an SRS for Positioning where the following parameters are additionally configured for the transmission of the SRS for Positioning during the RRC_INACTIVE state: frequency location and bandwidth, SCS, CP length. 
· The UE shall not transmit the SRS for Positioning when it is expected to perform UL transmissions in the initial UL BWP in RRC_INACTIVE state.



	Agreement
For Option 2 of SRS for positioning transmission in RRC_INACTIVE, the UE capability of switching time between SRS Tx and other Tx in initial UL BWP is introduced also for FDD.
· The switching time value(s) are left up to RAN4 discussion
· If the transmission of SRS for positioning with the switching time collides in time domain with other UL transmission for FDD, the SRS for positioning transmission is dropped in the symbols where the collision occurs.



[bookmark: _Hlk124410538]Following Option 2 INACTIVE state SRS transmission outside initial UL BWP, SRS transmission pattern can be defined independent of initial UL BWP. As illustrated in Figure 3.2.1- 1, SRS transmission for several consecutive hops could be performed regardless the initial BWP in frequency domain. Note that the switching time between SRS Tx and other Tx in initial UL BWP (switching time T0) was defined as UE capability in Rel-17, which can also be applied to SRS Tx hopping for RedCap UEs in RRC_INACTIVE. While for the switching time between SRS Tx hopping of adjacent hops (switching time T1), RAN4 provided the possible values of the switching time for UL SRS Tx frequency hopping and DL PRS Rx frequency hopping, respectively [2].
[bookmark: _Hlk124427047]Proposal 2: Following Rel-17 Option 2 of SRS for positioning transmission in RRC_INACTIVE, SRS transmission in a frequency hopping way outside the initial UL BWP is supported for RedCap UEs.
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[bookmark: _Ref130477853][bookmark: _Hlk133592310]Figure 3.2.1- 1 Illustration of time duration of a complete hopping process (i.e. five hops)

SRS Tx hopping for RedCap UEs in RRC_CONNECTED state
For RedCap UEs in RRC_CONNECTED state, the SRS Tx hopping transmission can be also achieved along the same lines as that for RRC_ INACTIVE UE. In other words, to enable frequency hopping beyond maximum RedCap UE bandwidth for positioning purpose, SRS transmission outside the active UL BWP should be allowed.
Proposal 3: Support SRS transmission outside the active UL BWP to support SRS Tx hopping based positioning of RedCap UEs in RRC_CONNECTED state.
No matter the RRC states of RedCap UEs (RRC_INACTIVE or RRC_CONNECTED), a BWP with a larger BW than that of any active UL BWP (i.e. 20MHz) should be introduced, to realize SRS Tx frequency hopping not confined in initial uplink BWP or UE active BWP. As illustrated in Figure 3.2.1- 1, the pos-SRS Tx frequency hopping pattern can be defined within a virtual BWP, which is a larger BWP beyond maximum RedCap UE bandwidth and its configuration contains the frequency resources for all hops. 
Proposal 4: Define a virtual BWP beyond maximum RedCap UE bandwidth to achieve SRS Tx frequency hopping for RedCap UEs in RRC_INACTIVE or RRC_CONNECTED state. 

Configuration enhancement for Tx hopping within one pos-SRS resource
Note that RAN1#112bis-e has reached a conclusion that SRS for positioning Tx frequency hopping is configured within one pos-SRS resource. Reviewing the current spec, we can find it is not feasible to achieve Tx hopping within one SRS resource, so some enhancements are necessary. As is shown in Figure 3.3-1, there are several essential parameters for a frequency hopping pattern. Among these, some parameters are already included in the current spec, e.g. the starting symbol (indicated by startPosition), starting frequency (indicated by freDomainShift). However, there are some important parameters without which it may fail to achieve the Tx hopping pattern within an SRS resource, for example, the frequency/time domain offset between adjacent hops, number of hops, etc.
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[bookmark: _Ref130480164]Figure 3.3- 1 Illustration of SRS Tx hopping pattern within an SRS resource
Observation 2: SRS Tx frequency hopping within one positioning SRS resource is NOT supported by the current spec.
To enable the intra-SRS resource frequency hopping, the following parameters can be considered to achieve the configuration of the intra-SRS resource frequency hopping pattern. An exemplary description for the introduced parameters is given as follows.
· Frequency Offset: Offset, in number of PRBs between adjacent hops, from the last PRB of the previous hop and the first PRB of the next hop. Negative value indicates the bandwidth of the overlap parts for two consecutive hops.
· Time Offset: Offset, in number of symbols between adjacent hops, from the last symbol of the previous hop and the first symbol of the next hop.
· Number of hops: The number of hops for the pos-SRS resource.

[bookmark: _GoBack]According to the agreement achieved in RAN1#112bis-e that the frequency hopping pattern is configured with overlapping or non-overlapping hop for UL SRS Tx hopping, we should also consider how to enable the partial overlapping between hops for frequency hopping based SRS transmission. This can be considered with the enhancement of pos-SRS configuration together. For example, if a new parameter is introduced to indicate the frequency domain offset between adjacent hops, a negative frequency domain offset could imply there are some overlap.
Additionally, discussion was carried out on whether to introduce a non-staircase like hopping pattern, i.e., at least two overlapping hops are not adjacent in the time domain. For non-staircase like SRS hopping, the positioning accuracy may be deteriorated due to the poor channel estimation performance of (time-domain) non-adjacent overlapping hops. Additionally, the non-staircase SRS hopping pattern may add additional complexity to the pos-SRS configuration to enable Tx hopping. Therefore, we think the overlapping hops should be time-domain consecutive.
Proposal 5: For the enhancement of pos-SRS configuration to achieve overlapped or non-overlapped Tx frequency hopping within one SRS resource, support introducing the following parameters:
· Time domain offsets between adjacent hops
· Frequency domain offsets between (time-domain) adjacent hops
· Number of hops for the pos-SRS resource
· Note: The overlapping hops should be adjacent in the time domain for a single SRS hopping pattern. 

Collision issue between pos-SRS and other UL&DL signals/channels
Regarding the collision issue between other UL and DL signals/channels and the UL SRS with frequency hopping, there are two candidate solutions on the table.
· 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.
· Option 2: Additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels

We think Option 1 is too aggressive due to its large impact on data/other signal transmission, which may considerably affect the communication experience. Therefore, we prefer to Option 2 where a collision rule can be introduced to keep the impact of SRS hopping on communication at a minimum. 
Recall that the switching time between SRS Tx and other Tx in initial UL BWP (switching time T0 as in Figure 3.2.1- 1) was introduced in Rel-17 and defined as UE capability, which can also be applied to SRS Tx hopping for RedCap UEs in RRC_INACTIVE. To minimize the impact of SRS hopping on communication, the following collision rule could be considered based on the “virtual BWP” defined in Proposal 4.
[bookmark: _Hlk133596395]If the FH interval between the adjacent hops is smaller than the total required switching time from the virtual BWP to the data-BWP and back to the virtual BWP, the UE stays in the virtual BWP to perform SRS Tx hopping; otherwise, the UE is required switch to the data-BWP to transmit or receive other UL/DL signals (if any).

Illustratively, as shown in Figure 3.4- 1 (a), the UE stays in the virtual BWP to continue the transmission of SRS since the FH interval is smaller than the total switching time from the virtual BWP to data-BWP and back. In this case, D1 (other UL&DL signals/channels) may be dropped. While in Figure 3.4- 1 (b), with a large FH interval, there may be enough time for UE to switch from the virtual BWP to the data-BWP to transmit or receive D2, and switch back to the virtual BWP to continue SRS frequency hopping transmission.
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[bookmark: _Ref133596054]Figure 3.4- 1 Illustration of collision rule between pos-SRS and other UL&DL signals/channels

Proposal 6:  Consider introducing the following collision rule between SRS and other UL&DL signals/channels.
· To ensure the transmission of two adjacent SRS hops not collide with other signals/channels in the active UL BWP, if the sum of the retuning time to the active UL BWP after the first hop, and the retuning time from the active UL BWP prior to the second hop is larger than the configured time domain offsets, UE is not required to switch to the active UL BWP; otherwise UE is required to switch to the active UL BWP.

MIMO SRS with frequency hopping
For RedCap UEs, it may not support positioning SRS but use MIMO-SRS, which is mandatory for RedCap UE anyhow, for the purpose of positioning is possible. From networks implementation perspective, there could be scenarios where only MIMO-SRS is used for both communication and positioning purpose. Therefore, frequency hopping should also be supported for the MIMO-SRS in the larger BWP beyond the maximum RedCap UE bandwidth for the purpose of SRS Tx frequency hopping. 
In this regard, there is no such need to change the MIMO-SRS configuration, since MIMO-SRS already supports frequency hopping.
[bookmark: _Hlk134199419]Proposal 7: Subject to UE capability, within a virtual BWP with bandwidth beyond maximum RedCap UE bandwidth to achieve SRS Tx frequency hopping, MIMO SRS can also be configured.
· The existing SRS-Resource IE can be reused.

Conclusion
In this contribution, we present our views on the support of PRS frequency hopping and SRS frequency hopping for RedCap positioning. Based on the above analysis, we have the following observations and proposals.
Observations:
Observation 1: The pos-SRS configuration for positioning frequency hopping for RedCap UEs can be decoupled from the existing BWP configuration.
Observation 2: SRS Tx frequency hopping within one positioning SRS resource is NOT supported by the current spec.

Proposals:
Proposal 1: Do not further consider PPW-based/ MG-less scheme for PRS Rx frequency hopping for the target UE.
Proposal 2: Following Rel-17 Option 2 of SRS for positioning transmission in RRC_INACTIVE, SRS transmission in a frequency hopping way outside the initial UL BWP is supported for RedCap UEs.
Proposal 3: Support SRS transmission outside the active UL BWP to support SRS Tx hopping based positioning of RedCap UEs in RRC_CONNECTED state.
Proposal 4: Define a virtual BWP beyond maximum RedCap UE bandwidth to achieve SRS Tx frequency hopping for RedCap UEs in RRC_INACTIVE or RRC_CONNECTED state. 
Proposal 5: For the enhancement of pos-SRS configuration to achieve overlapped or non-overlapped Tx frequency hopping within one SRS resource, support introducing the following parameters:
· Time domain offsets between adjacent hops
· Frequency domain offsets between (time-domain) adjacent hops
· Number of hops for the pos-SRS resource
· Note: The overlapping hops should be adjacent in the time domain for a single SRS hopping pattern. 
Proposal 6:  Consider introducing the following collision rule between SRS and other UL&DL signals/channels.
· To ensure the transmission of two adjacent SRS hops not collide with other signals/channels in the active UL BWP, if the sum of the retuning time to the active UL BWP after the first hop, and the retuning time from the active UL BWP prior to the second hop is larger than the configured time domain offsets, UE is not required to switch to the active UL BWP; otherwise UE is required to switch to the active UL BWP.
Proposal 7: Subject to UE capability, within a virtual BWP with bandwidth beyond maximum RedCap UE bandwidth to achieve SRS Tx frequency hopping, MIMO SRS can also be configured.
· The existing SRS-Resource IE can be reused.
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