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Introduction
During RAN2#112, the support of frequency hopping based reception of DL PRS and transmission of UL SRS for positioning of RedCap UEs has been discussed, and considerable progress has been made [1].  For PRS Rx frequency hopping, we think no further discussion is required from the perspective of RAN1 for now. For SRS Tx frequency hopping, it seems that there are still some open issues. To take a step forward, we present our views on the potential enhancement and spec impacts on SRS Tx frequency hopping.

Discussion on PRS Rx frequency hopping
For DL-PRS frequency hopping reception, several issues were discussed during RAN1#112 meeting. The first issue being the down selection of Rx hopping and Tx hopping for DL PRS, and conclusion has been made that only Rx frequency hopping is supported. The second issue would be the measurement for DL PRS, and MG-based measurement on DL PRS with Rx frequency hopping for RedCap UEs is supported. Additionally, we also discuss the configuration level of DL PRS Rx hopping reception, and UE hops within a DL PRS resource is agreed. Related agreements are listed as follows.
	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.

Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· FFS: the use of PPW

Agreement
For positioning for RedCap UEs with DL PRS Rx Hopping, the UE hops within a DL PRS resource
· FFS: whether there is specification update needed for RAN1
· FFS: remaining details 



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 breaks 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 MG-less/PPW-based scheme for PRS Rx frequency hopping for the target UE.
[bookmark: _Hlk130313332]Additionally, during RAN1#112 meeting, a LS [2] was sent to RAN4 for inquiring the switching time for DL PRS or UL SRS frequency hopping for RedCap UEs, which is relevant to the discussion of a single or multiple instances of MGs. For now, we think no further RAN1 discussion is needed until the LS from RAN4 is received.
Proposal 2: RAN1 should wait the reply LS from RAN4 for further discussion on PRS Rx hopping reception.

Discussion on SRS Tx frequency hopping
General
For SRS frequency hopping mechanism, the major controversial issue during last meeting should be whether to using BWP switching (one SRS configuration per BWP for each hop) or using a configuration separate from the active BWP. Considering the switching time delay of the existing BWP switching mechanism, the following agreement is achieved.
	Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources



[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, there are two sub-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 an SRS resource or across SRS resources

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. 
[bookmark: _Hlk124427047]Proposal 3: 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]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 4: 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) can 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 larger BWP. 
Proposal 5: To achieve SRS Tx frequency hopping for RedCap UEs in RRC_INACTIVE or RRC_CONNECTED state, the configuration includes frequency location and bandwidth, SCS, and CP length for a larger BWP containing the frequency resources for all hops. 

Configuration level of SRS Tx frequency hopping
Recall that RAN1#112 has reached a conclusion that the scope for RedCap positioning includes FR1 and FR2. For FR2, different SRS resources are used to support different Tx beams since the spatial relation is per SRS resource. It will cause problems if Tx beams and frequency hops are bundled together.
Observation 2: Different SRS resources (in FR2) are used to associate with different Tx beams, and frequency hopping is better configured within an SRS resource to support combination of frequency hopping and Tx beam sweeping.
With regards to configuring Tx hopping within an SRS resource, we can find it is not feasible to achieve that. In this light, we think some enhancements should be considered to realize the SRS Tx hopping pattern within an SRS resource. 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, repetition factor, etc.
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[bookmark: _Ref130480164]Figure 3.3- 1 Illustration of SRS Tx hopping pattern within an SRS resource

Observation 3: 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 a single transmission occasion.
Proposal 6: Study the enhancement of pos-SRS configuration to achieve SRS Tx frequency hopping within an SRS resource, e.g., introducing the frequency/time domain offset between adjacent hops, the number of hops for a single transmission occasion.

MIMO SRS with frequency hopping
For RedCap UEs, it may not support positioning SRS, using 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.
Proposal 7: Subject to UE capability, within a larger BWP with bandwidth beyond maximum RedCap UE bandwidth to achieve SRS Tx frequency hopping, MIMO SRS can also be configured.

Discussion on overlapped frequency hopping
During SI phase, when discussing the potential enhancements for frequency hopping of the DL PRS and UL SRS to meet the positioning requirements for RedCap UEs, it was well accepted that partial overlapping between hops are helpful to address the random phase offset issue and improving the positioning accuracy. A couple of companies also provide related simulation results [3].
	Regarding the performance for positioning of Redcap UEs using frequency hopping in IIoT scenarios, considering phase offset between hops:
 -	In FR1, based on the results provided by the following sources: 
-	If the phase offset between hops in frequency hopping is compensated, for InF-SH, the positioning requirement for IIOT use cases can be achieved using frequency hopping with partial overlap for the purpose of phase offset compensation,  
-	Results in [R1-2210905, Huawei, HiSilicon] show that UL TDOA can meet the requirements.
-	Results in [R1-2210905, Huawei, HiSilicon], [R1-2209217, ZTE], and [R1-2211016, vivo] show that DL TDOA can meet the requirements.
· Results in [55], show that the requirement cannot be met, even if the phase is compensated.



To enable the partial overlapping between hops, RAN1 should study the potential specification impacts for frequency hopping based PRS reception and SRS transmission, respectively. For PRS Rx frequency hopping, UE can perform Rx reception to achieve the partial overlapping if the PRS measurement configuration (e.g. mgl, gapoffset) is well designed, and it’s more related to UE implementation. 
While for SRS frequency hopping based transmission, potential enhancements of SRS configuration to enable overlapped Tx transmission should be supported. This can be considered with the enhancement of pos-SRS configuration together, as is illustrated in Section 3.3. For example, if a new parameter is introduced to indicate the frequency domain offset between adjacent hops, and a negative the frequency domain offset could imply there are some overlap.
Proposal 8: The enhancements of pos-SRS configuration should be supported to enable partial overlaps between hops for RedCap UEs.

Conclusion
In this contribution, we present provide 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: Different SRS resources (in FR2) are used to associate with different Tx beams, and frequency hopping is better configured within an SRS resource to support combination of frequency hopping and Tx beam sweeping.
Observation 3: SRS Tx frequency hopping within one positioning SRS resource is NOT supported by the current spec.

Proposals:
Proposal 1: Do not further consider MG-less/PPW-based scheme for PRS Rx frequency hopping for the target UE.
Proposal 2: RAN1 should wait the reply LS from RAN4 for further discussion on PRS Rx hopping reception.
Proposal 3: 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 4: Support SRS transmission outside the active UL BWP to support SRS Tx hopping based positioning of RedCap UEs in RRC_CONNECTED state.
Proposal 5: To achieve SRS Tx frequency hopping for RedCap UEs in RRC_INACTIVE or RRC_CONNECTED state, the configuration includes frequency location and bandwidth, SCS, and CP length for a larger BWP containing the frequency resources for all hops. 
Proposal 6: Study the enhancement of pos-SRS configuration to achieve SRS Tx frequency hopping within an SRS resource, e.g., introducing the frequency/time domain offset between adjacent hops, the number of hops for a single transmission occasion.
Proposal 7: Subject to UE capability, within a larger BWP with bandwidth beyond maximum RedCap UE bandwidth to achieve SRS Tx frequency hopping, MIMO SRS can also be configured.
Proposal 8: The enhancements of pos-SRS configuration should be supported to enable partial overlaps between hops for RedCap UEs.

Reference
[1] [bookmark: _Ref94100334][bookmark: _Ref100738124][bookmark: _Ref86845911]RAN1#112 Chair's notes, Athens, Greece, February 27th – March 3rd, 2023
[2] [bookmark: _Ref130395002]R1-2302127, LS on switching time for DL PRS or UL SRS frequency hopping for RedCap UEs, Athens, Greece, February 27th – March 3rd, 2023
[3] [bookmark: _Ref130831561]3GPP TR 38.859 V1.0.0, Study on expanded and improved NR positioning (Release 18), Dec., 2022.
