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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The following agreements were reached in earlier meetings,
	RAN1 112

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

Conclusion
The scope for RedCap positioning includes FR1 and FR2.

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.


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 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

Agreement
The draft LS in R1-2302126 is endorsed with the addition of the two agreements above. Final LS in R1-2302127.




	RAN1 112b

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.

R1-2304005	Feature Lead Summary #2 for Positioning for RedCap Ues	Moderator (Ericsson)
R1-2304006	Feature Lead Summary #3 for Positioning for RedCap Ues	Moderator (Ericsson)

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

R1-2304007	Feature Lead Summary #4 for Positioning for RedCap Ues	Moderator (Ericsson)

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 contribution, we further express our views on the present issues.


2 Comments for reply LS R4-2306659 by RAN4  
Our options for the reply LS are provided in R1-2305852. The following contents are the duplication from the contribution.
The content of reply LS in R4-2306659 is that,
	RAN4 thanks RAN1 for LS R1-2302127. RAN4 has discussed the question in the LS and reached the following agreements:
· For RedCap UE UL SRS Tx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point
· SRS Tx frequency hopping range can be up to 100MHz.
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed.
· For UL SRS Tx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point
· SRS Tx frequency hopping range can be up to 400MHz
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed
· For RedCap UE DL PRS Rx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point
· PRS Rx frequency hopping range can be up to 100MHz
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed
· For DL PRS Rx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point
· PRS Rx frequency hopping range can be up to 400MHz
· Which specific value for frequency hopping is applied depends on UE capability, if multiple values are agreed

RAN4 will notify RAN1 of further relevant agreements if there are any updates in future meetings.
RAN4 also thinks additional switch time may be needed for SRS transmission between the initial/active BWP to the first hop and last hop to initial/active BWP, and therefore, has below 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 have the following comments, 
· The additional switch time between BWP and the first hop, and between last hop and the return to BWP may be needed if the partial overlapping is required. It could reuse the agreed value and it is same as that between hops. The further discussion in RAN4 may not be needed
· It is not clear whether the provided value has considered the condition that TX hopping duration and RX hopping duration may be overlapped. This condition may happen for M-RTT positioning method
· Send LS back to RAN4 for the following messages,
· The additional switch time between BWP and the first hop, and between last hop and the return to BWP may be needed if the partial overlapping is required. From RAN1 perspective, reuse the same value between hops
· RAN1 to further consider 210us switch time to accommodate different RedCap UE implementation cost concern. It is also seen in RRC that, 210us is supported for the parameter of uplinkTxSwitchingPeriod. Check with RAN4 for the feasibility
· A question to RAN4: whether the RF switch time needs to be extended if TX hopping duration and RX hopping duration have overlapping. Or TX hopping duration and RX hopping duration need to be separate?
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Proposal 2-1: The additional switch time between BWP and the first hop, and between last hop and the return to BWP may be needed. It could reuse the agreed value and it is same as that between hops, and there is no need to be further discussed in RAN4

Proposal 2-2: The SRS transmission duration may consider the switch time between BWP and the first hop, and between last hop and the return to BWP

Proposal 2-3: Send LS back to RAN4 for the following messages,
· The additional switch time between BWP and the first hop, and between last hop and the return to BWP may be needed if the partial overlapping is required. From RAN1 perspective, reuse the same value between hops
· RAN1 to further consider 210us switch time to accommodate different RedCap UE implementation cost concern. It is also seen in RRC that, 210us is supported for the parameter of uplinkTxSwitchingPeriod. Check with RAN4 for the feasibility
· A question to RAN4: whether the RF switch time needs to be extended if TX hopping duration and RX hopping duration have overlapping. Or TX hopping duration and RX hopping duration need to be separate?

3 General aspects for both DL RX and UL TX hopping  
The following issue is the general aspect for hopping,
	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




[bookmark: _Hlk134627769]From implementation point of view, there is no need for a RedCap UE to perform both the measurement based on one received hop and based on multiple hops. This is because from conventional implementation point of view, the applied IFFT size would be different and the benefit to perform IFFT twice with different IFFT size is not clear. The measurement reporting based on either one received hop or multiple hops could be considered.

The benefit to perform and report multiple measurements, each associated with one received hop is not clear, either. The measurement accuracy may mainly rely on the measurement bandwidth. The location of the measurement bandwidth may impact received RSRP under multipath channel due to fading. If a RedCap UE doesn't consider to stitch the received hops for a larger measurement bandwidth, the UE could, up to implementation, determine a location of the measurement bandwidth with good RSRP to measure and report. It also means, the reporting could be based on a selected received hop. 

A hop with good RSRP would be changed with time due to mobility. Then to report the measurement with which hop and the corresponding location is less meaningful.  

For the measurement reporting by multiple hops, since the overlapping RB number is up to implementation, UE could report based on the measurement bandwidth after stitching, instead of reporting the number of consecutive hops.


Proposal 3-1: The measurement reporting based on either one received hop or multiple hops could be considered. To report together is not preferred

Proposal 3-2: If UE doesn't support measurements by the stitched and larger bandwidth, it is up to UE implementation to determine a location of the measurement bandwidth with good RSRP to measure and report. It also means, the reporting could be based on a selected received hop

Proposal 3-3: A hop with good RSRP would be changed with time due to mobility. Then to report the measurement with which hop and the corresponding location is less meaningful and it is not preferred

Proposal 3-4: For the measurement reporting by using multiple consecutive hops, since the overlapping RB number is up to implementation, UE could report based on the measurement bandwidth after stitching, instead of reporting the number of consecutive hops

 
4 Reception frequency hopping for downlink
PPW has been confined within BWP as compromise during Rel-17 development. For the issue whether PPW with DL-PRS as high priority mode could be further considered to support RX hopping, we have the following opinions,
· Since MG has been agreed to support, then the benefit to further support PPW with DL-PRS as high priority is not clear. It seems to duplicate the functionality
· Rel-17 supports LMF to notify the serving gNB which UE being under location request, and it is up to the serving gNB to apply MG or PPW. This means, both MG and PPW could shorten the latency for first fix. The main benefit of PPW should be that the serving gNB to control the priority of channel and RS. If the main benefit is disabled, there is no need to support PPW for RedCap UE positioning
· During RX hopping, it may somewhat impact TX side so that it is doubtful whether uplink transmission within PPW is still valid

Based on the above, we consider not to support PPW for the positioning measurement under RedCap UE.

The processing (measurement) capability of RedCap UE within a time duration may consider the following aspects,
· The measurement bandwidth after “stitching” for transmission from a TRP
· The number of TRPs for measurement 

The “stitched” measurement bandwidth may highly depend on DL-PRS pattern, the RF switch time of UE and the processing strategy. The processing strategy may consider the following aspects,
· The RX hopping could be performed within a resource in a slot if there is intra repetition within a resource
· For example for a comb-4, 12-symbol DL-PRS resource, UE could measure at the first 4 symbols, perform hopping at the second 4 symbols, and measure again at the third 4 symbols. In this way, UE could measure more PRBs within a resource with the price of no repetition gain
· The RX hopping is only performed across slots. In this way, the stitched measurement bandwidth may rely on the configured repetition number of a resource  

Proposal 4-1: The processing capability may depend on DL-PRS pattern, the RF switch time of UE and the processing strategy. As such, the processing capability could be determined and reported after the DL-PRS configuration is sent to the UE

Proposal 4-2: The measurement capability could be defined as the measurement bandwidth per resource per TRP, and the total number of resource number times the TRP number within a time window


5 Transmission frequency hopping for uplink
The following issues are related to SRS TX hopping,
	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




For SRS transmission hopping within a time window, the following parameters may be needed
· RF switch time. It may need to be provided by UE to NW
· SRS resource symbol number. It is NW to control
· Partial overlapping BW. It is NW to control
· Transmission BW per hop. It is NW to control
· Number of hops. It is NW to control
· OFDM symbol index for first symbol of first hop. It is NW to control

It can be seen that, most parameters are controlled by NW except RF switch time, we consider that the SRS hopping pattern could be up to NW configuration except that, the duration between end of a hop and the beginning of next hop should be longer than RF switch time reported by a UE.

The time window for SRS hopping may be across slots. The collision of SRS and other signal/channel is all about the priority configuration. If other signals/channels have higher priority, the dropping of SRS may consider per slot basis. For example if the time window is 2 slots, UE may transmit SRS in first slot, and drop SRS for other signals/channels in second slot. 

Proposal 5-1: The SRS hopping pattern could be up to NW configuration except that, the duration between end of a hop and the beginning of next hop should be longer than RF switch time reported by a UE

Proposal 5-2: Support both options for collision issue during SRS hopping. 

Proposal 5-3: The collision rule may consider the dropping of SRS hopping in a per slot basis, if the time window is across slots

6 Conclusion
Proposal 2-1: The additional switch time between BWP and the first hop, and between last hop and the return to BWP may be needed. It could reuse the agreed value and it is same as that between hops, and there is no need to be further discussed in RAN4

Proposal 2-2: The SRS transmission duration may consider the switch time between BWP and the first hop, and between last hop and the return to BWP

Proposal 2-3: Send LS back to RAN4 for the following messages,
· The additional switch time between BWP and the first hop, and between last hop and the return to BWP may be needed if the partial overlapping is required. From RAN1 perspective, reuse the same value between hops
· RAN1 to further consider 210us switch time to accommodate different RedCap UE implementation cost concern. It is also seen in RRC that, 210us is supported for the parameter of uplinkTxSwitchingPeriod. Check with RAN4 for the feasibility
· A question to RAN4: whether the RF switch time needs to be extended if TX hopping duration and RX hopping duration have overlapping. Or TX hopping duration and RX hopping duration need to be separate?

Proposal 3-1: The measurement reporting based on either one received hop or multiple hops could be considered. To report together is not preferred

Proposal 3-2: If UE doesn't support measurements by the stitched and larger bandwidth, it is up to UE implementation to determine a location of the measurement bandwidth with good RSRP to measure and report. It also means, the reporting could be based on a selected received hop

Proposal 3-3: A hop with good RSRP would be changed with time due to mobility. Then to report the measurement with which hop and the corresponding location is less meaningful and it is not preferred

Proposal 3-4: For the measurement reporting by using multiple consecutive hops, since the overlapping RB number is up to implementation, UE could report based on the measurement bandwidth after stitching, instead of reporting the number of consecutive hops

Proposal 4-1: The processing capability may depend on DL-PRS pattern, the RF switch time of UE and the processing strategy. As such, the processing capability could be determined and reported after the DL-PRS configuration is sent to the UE

Proposal 4-2: The measurement capability could be defined as the measurement bandwidth per resource per TRP, and the total number of resource number times the TRP number within a time window

Proposal 5-1: The SRS hopping pattern could be up to NW configuration except that, the duration between end of a hop and the beginning of next hop should be longer than RF switch time reported by a UE

Proposal 5-2: Support both options for collision issue during SRS hopping. 

Proposal 5-3: The collision rule may consider the dropping of SRS hopping in a per slot basis, if the time window is across slots


7 Reference
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