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1 Introduction
This a revision of R1-2305347. In RAN1#112-bis, the following agreements were made with regards to this objective: 

	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured (select one alternative):
· Alt 1: within one SRS for positioning resource
· Alt 2: across resources, within one SRS for positioning resource set
· Alt 3: across resource sets, with all resources in a set corresponding to the same hop sub-bandwidth

Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.

Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.

Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together

Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.

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




In this paper, we provide our initial views on the following topics with regards to the Redcap frequency hopping:
· Overlapped frequency-domain Hopping
· MG-based and MG-less DL PRS Hopping
· SRS for Positioning Hopping
2 PRS Rx Hopping: Overlapping hops

In previous RAN1 #112-bis meeting no agreement was reached with regards to Rx PRS hopping. A few companies were suggesting to leave everything else to RAN4. At the same time though, RAN4 is clearly waiting for RAN1 progress as can be seen in the agreements below:

	Issue 2-3-1: When to start PRS measurements for RedCap with FH?
Agreements:
· RAN4 to start work on PRS requirements for RedCap with frequency hopping after RAN1 has made agreements on frequency hopping for RedCap.
Issue 2-3-8: UE capability related to FH:
Agreements:
· Wait for RAN1 agreements and input on the UE capability related to FH
Issue 2-3-3: Impact of timing error on PRS measurements for RedCap with FH:
Agreements:
· The impact (if any) of timing error between the hops on PRS requirements is discussed after the RAN1 agreements on FH and RF session agreements on the RF switching time for FH.



With regards to PRS Rx hopping, we believe that it is important for RAN1 to clearly agree on a agreement similar to the one that RAN1 reached last meeting with regards to UL frequecn hopping. 

Proposal 1: For DL-PRS Rx frequency hopping, support performing Rx hopping with overlapping tones and with non-overlapping tones.
· Support a UE to report a per-band capability for the amount of overlap required for DL PRS frequency hopping
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Rx hopping with non-overlapping tones; e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.
· Send an LS to RAN4 with the above agreement
3 RF Retuning

With regards to the LS on RF retuning time (R4-2306659), a question was addressed to RAN1:
	Question:
Is the additional switch time for SRS transmission between the initial/active BWP to first hop and switch time between last hop to the initial/active BWP relevant for RedCap frequency hopping and should it be discussed in RAN4?



We propose the following response as a reply: 

Proposal 2: Send a reply LS to RAN4 with the following response: 
· Yes, the additional switch time for SRS transmission between the initial/active BWP to first hop and switch time between last hop to the initial/active BWP is relevant. 
· In this case, numerology, bandwidth, Tx/Rx antennas between the initial/active BWP and the SRS hop(s) can be different
4 DL PRS Frequency Hopping: MG-based and MG-less PRS processing
4.1 MG-based DL-PRS Frequency Hopping
The following was agreed with regards to the MG-based PRS frequency hopping:
	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



The case of MG-based DL-PRS processing could result to relatively straightforward specification impact as follows:
· A UE could first report the support of Rx frequency hopping in a band for MG-based DL-PRS processing, together with its Rx retuning time capability. 
· Within a single MG instance, which can be as much as 20 msec long already in the specification, the UE is expected to perform multiple hops, and therefore, instead of only considering a retune time at the beginning and the end of the MG, we could have additional such times as shown in the figure below:
[image: ]
· We can support at least up to 4 Rx retuning instances, having in mind the case of a 20 MHz UE that wants to cover up to 100 MHz BW (5 hops). 
Proposal 3: The UE is expected to perform up to N Rx Retunings during a single MG instance in order to measure multiple frequency parts of a single PRS resource 
· Up to RAN4 to decide the maximum number of Rx Retuninings within a single MG instance
4.2 MG-less DL-PRS Frequency Hopping
The following was agreed with regards to the MG-less PRS frequency hopping:
	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



However, a second more appropriate way to consider PRS hopping within PPW is to consider introducing retune periods before and after a PRS instance, and include those in the prioritization/collision rules that are already specified. Specifically, we make the following observations for different PPW types:
· For Type 1A and Type 1B, the UE will be either way performing a time-domain prioritization for all the symbols within a PPW, and therefore, using a subset of these symbols for retuning will not affect the overall system. As long as the PPW is long enough, a UE could do a retune within a single PPW instance and measure multiple hops in a similar way that it will be specified for MG-based hopping. 
Observation 1: For PPW-based Type 1A and Type 1B PRS processing, a UE could be performing Rx frequency hops during a single instance of a PPW in a similar way as for the case of MG-based PRS frequency hopping.
· For Type 2 however, due to the additional time spent in the retune, the other channels may be affected even outside the PRS symbols. Having said that though, we can just clarify that any retune time needed before and after a PRS hop should be counted when it comes to the prioritization/collision rules. Such a behavior is actually similar to how RAN4 treats PRS collisions with other channels in RRC inactive state. 
Proposal 4: Support Rx frequency hopping for MG-less PRS processing only for PPW Type-1A using the following principle as a starting point: 
· A UE may perform Rx frequency hopping within a PPW instance under the condition that the required retune time before and after each hop is treated as part of the PRS duration in the specified PRS prioritization/collision rules. 
· If the retune time before or after a low-priority PRS hop collides with a high-priority channel, then the UE does not perform the Rx frequency hopping. 
· Note: No additional specification impact beyond UE capabilities is expected from RAN1 perspective. 
4.3 Measurement Reporting Enhancements
With regards to the measurement reporting enhancements, the following was agreed last meeting:
	Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together



We believe there is no need for an additional indication from the UE on which hops or how many hops have been measured. A UE can always use the quality metric and adjust the ReportingGranularityfactor accordingly. 

Proposal 5:  For DL Rx hopping or UL Tx hopping:
· Do not support an additional indication of how many received hops / which received hops where used in the measurement report.
· Note: A UE may, up to UE implementation, to use the quality metric and the ReportingGranularityfactor to inform the LMF that a more accurate measurement is being reported. 
· Up to RAN4 to define any conditions on when the measurements are reported, what/if requirements are needed to be specified if there collisions or hops are being dropped. 

4.4 Location Request Enhancements
An LMF should be able to request a UE to perform measurements based on PRS Frequency hopping, for the following reasons:
· The responseTime is expected to be different, and the LMF and UE should be aligned into what is expected with regards to the measurement period for the UE
· Requirement-wise, when the UE has reported it supports the feature of PRS Frequency hopping, and the LMF requests for such a measurement, the UE is expected to report back measurements based on receiving multiple hops of the DL PRS.
Proposal 6:  Support an LMF to include an explicit request in the Location Request Signaling for a device to perform and report measurements according to DL PRS Rx frequency hopping.
5 SRS for Positioning Frequency Hopping
4.1 Frequency Hopping mechanism
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.



In RRC connected, SRS for Positioning is configured within active BWP. For the purpose of enabling SRS frequency hopping for positioning for the purpose of increased SRS bandwidth we propose the following approach:
· Define an SRS for Positioning that is associated with a component carrier (CC) and not the active BWP. In that case, the UE is expected it will need a “transmission gap”, similar to the measurement gap that we have for the DL, during which the UE is expected to perform fast switches. In this case, the UE could report switching time capabilities, similar to the switching times we hve for SRS transmission in RRC inactive. 

Proposal 7: For an SRS resource used for Positioning frequency hopping:
· It is associated with a CC and includes a configuration of a numerology and bandwidth. 
· Introduce a transmission/switching/retune gap before the first hop of such an SRS resource and after the last hop, so that the UE can tune from the active BWP and back to the active BWP. 
· Up to RAN4 the details
4.2 Frequency Hopping pattern
The following was agreed with regards to the SRS Hopping pattern:
	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 

Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.



With regards to the SRS frequency hopping pattern, we consider the following 2 options:
· Use the current hopping formula as a starting point, but ensure that there is a configurable parameter of the amount of overlap between frequency-consecutive hops. Such a solution is shown in the Figure below for a 48-PRB hopping bandwidth
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The changes needed in the specification are rather small and are shown below: 
· The frequency-domain starting position  is defined by 

· where  is the number of tones of frequency overlap of 2 frequency-adjacent hops
· Use a staircase-based hopping formula as a starting point, in which the time-domain consecutive hops are sounding frequency-domain adjacent chunks of the bandwidth. 
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Even though the 2nd solution would ensure that time-domain consecutive hops are always overlapping, and therefore reducing the gap between the overlapped PRBs which are used for phase offset compensation, it has lower UE multiplexing capacity, compared to the 1st solution. Specifically, one could argue that, other UEs could be multiplexed as follows in the following Figure, but again in this case, for 4 out of the UEs (UEs 2,3,4,5) there exist overlapped hops that are far away in time. 

[image: ]

Proposal 8: Downselect between the following alternatives for the SRS frequency hopping pattern:
· Alt. 1: Use the current hopping formula of SRS as a starting point and update it such that there can be frequency domain overlap over 2 hops that are adjacent in frequency. 
· Example of the update in the frequency-domain starting position  : 

· Alt.2 2: Use a staircase-like hopping formula with a parameter that controls the amount of overlap of frequency domain adjacent hops. 

Proposal 9: Support in the specification multiple overlap options between 2 frequency-adjacent hops with a minimum value of 1 PRB and a minimum granularity of 1 PRB.  
4.3 Time domain Pattern
For the purpose of SRS frequency hopping, an SRS resource should be able to be transmitted on X consecutive available slots within a period, since otherwise, there is not enough time to finish all the retunes within a slot.

Proposal 10: Support intra-slot SRS hopping and inter-slot hopping in X consecutive available slots for periodic, semi-persistent, aperiodic SRS for positioning.
· Support at least   slots
· FFS: Additional  values
· Introduce a new RRC parameter on the number of inter-slot repetitions
· FFS: Definition of “available” slot for SRS frequency hopping

Specifically, we propose the following approach to determine the number of hops in the slot. Assume that:
· : UE capability for the number of symbols gap needed between hops
·  : configured total number of symbols of an SRS resource (nrofSymbols) in a slot. 
· Note: This configuration already exists in RRC.
· : Number of OFDM symbols within each hop, configured through the parameter repetitionFactor . 
· Note: This configuration already exists in RRC.

Then, the following equation should be satisfied: , which means that during the  symbols configured for an instance of an SRS resource within a slot, in between every 2 of the  hops (each one  symbols long) there will be  gaps (each gap is  symbols long). 

Proposal 11: The nominal number of hops in a slot ( is computed as follows: , where
· : UE capability for the number of symbols gap needed between hops
·  : Configured total number of symbols of an SRS resource (nrofSymbols) in a slot.
· Note: This configuration already exists in RRC.
· : Number of OFDM symbols within each hop, configured through the parameter repetitionFactor . 
· Note: This configuration already exists in RRC.

Proposal 12: For an SRS resource for positioning with an {Symbol-idx, slot-idx, } configured in RRC, a UE is expected to perform up to  hops within each slot of the  available slots starting from the slot-idx, such that, in each slot, the first hop starts at Symbol-idx of the slot.
· A UE doesn’t perform a transmission in a hop opportunity if the corresponding symbols, including the symbols needed for RF retuning are not available for SRS transmission.
4.4 Collision Rules
	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



Proposal 13: For the purpose of SRS frequency hopping, support additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels where the rules defined in the SRS carrier switching framework are used as starting point (Section 6.2.1.3 of 38.214). 
· An SRS hop is dropped whenever one or more symbols of the hop, including any interruption due to uplink RF retuning time collides with a higher priority channel

6 Conclusions
Overall, we make the following observations and proposals:
Proposal 1: For DL-PRS Rx frequency hopping, support performing Rx hopping with overlapping tones and with non-overlapping tones.
· Support a UE to report a per-band capability for the amount of overlap required for DL PRS frequency hopping
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Rx hopping with non-overlapping tones; e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.
· Send an LS to RAN4 with the above agreement

Proposal 2: Send a reply LS to RAN4 with the following response: 
· Yes, the additional switch time for SRS transmission between the initial/active BWP to first hop and switch time between last hop to the initial/active BWP is relevant. 
· In this case, numerology, bandwidth, Tx/Rx antennas between the initial/active BWP and the SRS hop(s) can be different
Proposal 3: The UE is expected to perform up to N Rx Retunings during a single MG instance in order to measure multiple frequency parts of a single PRS resource 
· Up to RAN4 to decide the maximum number of Rx Retuninings within a single MG instance

Proposal 4: Support Rx frequency hopping for MG-less PRS processing only for PPW Type-1A using the following principle as a starting point: 
· A UE may perform Rx frequency hopping within a PPW instance under the condition that the required retune time before and after each hop is treated as part of the PRS duration in the specified PRS prioritization/collision rules. 
· If the retune time before or after a low-priority PRS hop collides with a high-priority channel, then the UE does not perform the Rx frequency hopping. 
· Note: No additional specification impact beyond UE capabilities is expected from RAN1 perspective. 
Proposal 5:  For DL Rx hopping or UL Tx hopping:
· Do not support an additional indication of how many received hops / which received hops where used in the measurement report.
· Note: A UE may, up to UE implementation, to use the quality metric and the ReportingGranularityfactor to inform the LMF that a more accurate measurement is being reported. 
· Up to RAN4 to define any conditions on when the measurements are reported, what/if requirements are needed to be specified if there collisions or hops are being dropped. 

Proposal 6:  Support an LMF to include an explicit request in the Location Request Signaling for a device to perform and report measurements according to DL PRS Rx frequency hopping.

Proposal 7: For an SRS resource used for Positioning frequency hopping:
· It is associated with a CC and includes a configuration of a numerology and bandwidth. 
· Introduce a transmission/switching/retune gap before the first hop of such an SRS resource and after the last hop, so that the UE can tune from the active BWP and back to the active BWP. 
· Up to RAN4 the details

Proposal 8: Downselect between the following alternatives for the SRS frequency hopping pattern:
· Alt. 1: Use the current hopping formula of SRS as a starting point and update it such that there can be frequency domain overlap over 2 hops that are adjacent in frequency. 
· Example of the update in the frequency-domain starting position  : 

· Alt.2 2: Use a staircase-like hopping formula with a parameter that controls the amount of overlap of frequency domain adjacent hops. 

Proposal 9: Support in the specification multiple overlap options between 2 frequency-adjacent hops with a minimum value of 1 PRB and a minimum granularity of 1 PRB.  
Proposal 10: Support intra-slot SRS hopping and inter-slot hopping in X consecutive available slots for periodic, semi-persistent, aperiodic SRS for positioning.
· Support at least   slots
· FFS: Additional  values
· Introduce a new RRC parameter on the number of inter-slot repetitions
· FFS: Definition of “available” slot for SRS frequency hopping

Proposal 11: The nominal number of hops in a slot ( is computed as follows: , where
· : UE capability for the number of symbols gap needed between hops
·  : Configured total number of symbols of an SRS resource (nrofSymbols) in a slot.
· Note: This configuration already exists in RRC.
· : Number of OFDM symbols within each hop, configured through the parameter repetitionFactor . 
· Note: This configuration already exists in RRC.

Proposal 12: For an SRS resource for positioning with an {Symbol-idx, slot-idx, } configured in RRC, a UE is expected to perform up to  hops within each slot of the  available slots starting from the slot-idx, such that, in each slot, the first hop starts at Symbol-idx of the slot.
· A UE doesn’t perform a transmission in a hop opportunity if the corresponding symbols, including the symbols needed for RF retuning are not available for SRS transmission.

Proposal 13: For the purpose of SRS frequency hopping, support additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels where the rules defined in the SRS carrier switching framework are used as starting point (Section 6.2.1.3 of 38.214). 
· An SRS hop is dropped whenever one or more symbols of the hop, including any interruption due to uplink RF retuning time collides with a higher priority channel
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