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Introduction
[bookmark: _Hlk525462591]In Rel-16 native NR positioning support was standardized and in Rel-17 enhancements were made. At RAN#98, a new work item “Expanded and improved NR positioning” was approved and updated at RAN#99 [1]. This contribution discussed our views related to RedCap UE Positioning. Our companion contributions discuss our other views [3-8]. The objective in the WID is:
· 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].
Discussion
Frequency Hopping for reception of DL PRS
For the DL PRS frequency hoppingt, RAN1 made the following agreement at RAN1 #112 meeting.
Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· [bookmark: _Hlk131602178]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 

As part of PRS frequency stitching/hopping the UE may need to align the phase of multiple frequency “chunks” in order to remove errors due to phase offsets between the chunks. This procedure can be done by having overlapping frequency part for concurrent chunks (or hops). Which RB/REs should be used for this frequency alignment should be discussed. Figure 3 shows an example of how this might look. If the UE has a deep fade on the RB/REs which are used for the phase alignment it may cause poor performance of the PRS measurement. 


Figure 1. Example of PRS frequency hopping with overlapping frequency hops. 
Proposal 1: RAN1 should discuss how to perform phase alignment between frequency chunks in PRS frequency hopping/stitching including the impacts of a poor channel on the overlapping RB/REs. 
The UE can use these overlapping REs to potentially remove the phase offset between the hops. However, RAN1 should investigate the size of the overlap that is needed for the phase offset to be corrected sufficiently. On top of the overlap needed for PRS frequency hopping RAN1 should also consider how this procedure may impact both UL-TDOA and multi-RTT. In particular in the case of multi-RTT it should be studied if the phase alignment between hops is needed in both UL and DL directions and if so how to enable it. 
During RAN1#112-bis it was agreed that non-overlapping hops for SRS Tx FH will be supported. Some companies expressed the view that the network could potentially post-compensate for the phase offset between hops. We feel that another option worth exploring is the phase pre-compensation at the UE, in particular for the case of multi-RTT.  
Proposal 2: RAN1 should support phase alignment for Multi-RTT and determine if phase alignment is needed for both UL at the gNB and DL at the UE.
Now it is clear to support the DL PRS frequency hopping within MG, but still there is an FFS on whether to support DL frequency hopping within a PPW. Still, we think DL PRS frequency hopping should be supported for both within and without a MG configuration for the following reasons.
· Some companies might have thought that there would be performance issue such that frequency hopping within PPW may not be able to provide comparable performance to the frequency hopping within MG. We understand that the frequency hopping outside of MG may not provide the comparable performance to the frequency hopping with MG.
However, if we do not support frequency hopping outside MG, the positioning accuracy performance of the RedCap UE is strictly limited by 20MHz bandwidth size without a MG. If frequency hopping may support 4 DL PRS frequency hops, the total bandwidth size might be slightly less than 80 MHz. This is a substantial performance difference between with MG and without MG.

· Rel-17 NR positioning introduced the PPW feature. It is beneficial not only for reducing the latency for positioning but also for increasing the network scheduling flexibility. That is, the network can flexibly schedule data even though the UE needs to perform positioning measurements. Based on the PPW feature, the network may expect that it can make the UE be ready to receive data although the UE needs positioning. It should be noted that the network cannot be mandated to configure positioning MG and data communication is usually more critical.

· There were some comments about complexity issue of RedCap UE, but it is unclear how different MG-based and PPW-based PRS frequency hopping is. If the complexity is a real barrier, we should consider relaxed UE processing time rather than no support of frequency hopping.

· Technically allowing the UE to perform DL FH within one instance of a MG and within a PPW are almost identical. In Rel-17 we already specified dropping rules to handle conflicts and allowing the UE to perform DL FH within a PPW should be no different. 

· At RAN1#112 some concerns were raised that DL FH within PPW would need to rely on BWP switching. In our view this is not true and still depends on RAN4 discussion on the fast RF switching. UE can be configured with one PPW and be allowed to perform fast RF switching within the PPW to enable DL FH without BWP switching. 

During RAN1#112-bis it was discussed that one way forward would be to support only a subset of PPW types. We feel that at least for Type-1A PPW that support of DL FH would be very simple. In Type-1A PPW the UE drops all DL signals/channels from all DL CCs if the DL PRS is determined to be higher priority. The PRS prioritization also applies to all symbols inside the window. So we feel that this type of PPW is perfectly suited for a fast DL FH procedure and doesn’t come with any drawbacks. In addition, the specification work to support such a feature would be rather minimal in our view. 

Observation 1: If the PRS frequency hopping is supported only with MG configuration for RedCap UE, the performance gap between MG-based mode and MG-less mode is substantial.
Observation 2: If the PRS frequency hopping is supported only with MG configuration for RedCap UE, the scheduling flexibility from the network is limited.
Proposal 3: RAN1 should support DL PRS frequency hopping outside MG for RedCap UE at least for the case of Type-1A PPW.
As mentioned earlier, the performance gap is not negligible, so one way to move forward is to restrict the number of PRS frequency hops for MG-less mode based on the capability of the RedCap UE. We may need to discuss the details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping, and the number of allowable frequency hops may be different depending on the MG-less mode and MG-based mode.
To support PRS measurement outside of a measurement gap, the UE may be configured with PRS processing windows across the DL BWPs for PRS frequency hopping, and each PRS processing window configuration can indicate the priority of PRS reception. According to the priority, it would be possible for the UE not to measure a certain PRS frequency hop. If the UE misses a PRS frequency hop which is located between two PRS frequency hops, it might be difficult to aggregate the PRS resources to obtain a positioning measurement by CA. An intuitive solution would be to configure PRS reception as always high priority, but it is too restrictive for the gNB configuration. Similarly, for the UL SRS transmission, the UE can miss a chance to transmit an SRS frequency hop according to the defined priority. Thus, RAN1 needs to discuss this issue to support PRS/SRS frequency hopping.
Proposal 4: RAN1 should specify solutions to effectively support DL PRS frequency hopping within PPW configurations.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634][bookmark: Proposal98262][bookmark: Proposal38119]Frequency Hopping for transmission of UL SRS for positioning
For SRS frequency hopping, RAN1 made the following agreement at RAN1 #112 meeting. 
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 an SRS resource or across SRS resources
In the case of DL PRS frequency hopping/stitching, the UE may receive a wideband PRS resource by frequency hopping, but UL SRS transmission is different from DL PRS reception. In the previous meetings, RAN1 agreed to support a separate configuration of SRS resource for positioning independent with the existing UL BWP configuration. It means that the RedCap UE can be configured with an SRS resource for positioning outside of the active UL BWP or across the currently configured or activated UL BWPs to support SRS frequency hopping. Figure 2 shows the SRS resource is configured independent with the configured BWP. As illustrated in Figure 2, the UE will transmit an SRS frequency hop at each transmission occasion. RAN1 also agreed to support SRS hopping within an SRS resource during RAN1#112-bis: 
Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.

Based on the agreement, the UL SRS frequency hopping is configured within one SRS resource, and each SRS resource configuration may not be tied with the UL BWP configuration. That is, the resource blocks of the SRS resource can be within the configured UL BWP or outside of the UL BWP. However, the actual transmission unit of the configured SRS resource is a SRS frequency hop, so the UE may transmit a part of the configured SRS at each SRS frequency hop. Inherently, each frequency hop is not composed of a single and complete ZC sequence. 
The UE may transmit a part of the ZC sequence at each SRS frequency hop, and the constant envelop property of the ZC sequence is not preserved. Thus, it results in increasing PAPR, which a low PAPR is a great benefit of the ZC sequence. To address this issue, the gNB needs to provide the UE with a proper ZC sequence providing a low PAPR as much as the UE wants. To address this issue, the UE may need to request the gNB to provide an SRS sequence that can provide a certain level of PAPR.
Proposal 5: When UE is FH within an SRS resource it should transmit part of the SRS resource/sequence (i.e., 1 SRS frequency hop) during one hop.
Proposal 6: RAN1 supports UE to request an SRS sequence that satisfies a certain level of PAPR performance.
This FH SRS configuration needs to include necessary information so that the UE can transmit each SRS frequency hop with RF switching. For example, the SRS configuration should include starting RB index and the number of RBs of the SRS resource, a starting slot index, and the number of slots and/or symbols to indicate time-domain resource. Also, it should include a SRS sequence ID, the number of SRS frequency hops, a gap time between SRS frequency hops, and the number of RBs overlapped between SRS frequency hops. 
[image: ]
Figure 2. an illustrative example of UL SRS frequency hopping.
Proposal 7: For the SRS frequency hopping, the SRS configuration independent with the existing UL BWP supports at least with the following configuration parameters 
· Starting RB index and the number of RBs of the SRS resource, 
· Starting slot, the number of slots and/or the number of symbols
· Periodicity and offset
· SRS sequence ID
· Number of frequency hops, 
· Gap time between frequency hops, 
· Number of RBs overlapped between frequency hops
For the hopping across SRS resources, now RAN1 introduced a separate SRS configuration from the BWP configuration, so we don’t see a strong motivation or a clear benefit.
RAN1 has already begun to discuss UE behaviour during frequency hopping. At the last meeting the following agreement listing two options was reached: 
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 UL there is no concept of measurement gap. This may be problematic as the UE needs to switch between hops but a full BWP switch at each hop is not acceptable in terms of delay and complexity. Even if the UE is not performing a BWP switch but is simply performing fast RF switching (if confirmed by RAN4) then there may be issues related to how the UE should transmit/receive other signals or channels on the starting BWP. 
Looking at Option 2 in the prior agreement would lead to complicated discussion in RAN1 and unnecessary specification work in our opinion. For example, RAN1 will need to specify complex collision rules and discuss what to do for different types of signals/channels. In addition, RAN1 may need to discuss what to do if the last hop collides with a signal versus the first hop. In our view this Option leads to a lot of specification effort with only two meetings remaining and does not provide any strong benefit. 
On the other hand, Option 1 is to define a window in time where the UE can transmit FH SRS for positioning and is not expected to receive/transmit other signals and channels during the window. This UE behaviour is very clear and the gNB will know that the UE is not available for a short period of time. The gNB can handle this configuration to minimize impacts on data communication while simplifying the specification work. 
Proposal 8: Support Option 1: an UL time window where the UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. 
At RAN1#112-bis the following agreement was reached on UL Tx FH patterns:
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.

During RAN1#112-bis it was discussed in staircase or non-staircase patterns should be used for the FH pattern. One consideration which was rightly discussed was the multiplexing capability across different UEs. For simplicity we assume the FR1 case of effective 100 MHz and 5 total UEs hops. In the case where the hops are overlapping in frequency domain there is the additional complication that each hop will overlap slightly with another hop (e.g., it is impossible to have 5 UEs schedule to start at different hop locations without some overlap). 
Observation 3: Multiplexing capability across different UEs for UL FH will be impacted by the FH pattern design. 
We propose to support UL FH patterns which have a mixture of overlap on the top part of the preceding hop in frequency domain and on the bottom part of the preceding hop in frequency domain. We show an example of such supported UL FH patterns in Figure 3. 
[image: ]
Figure 3. Example of proposed UL FH patterns. 

One of the main benefits of the UL FH patterns proposed above is that it takes advantage of the small “gap” in frequency domain at the top and bottom of the overall 100 MHz carrier. The reasoning is that if a small gap of 1 PRB is overlapped between hops that after 5 hops 100 MHz minus 4 PRBs would be used. So, there are 4 “empty” PRBs at the top of bottom. The proposed UL FH patterns above have some UEs leave the top 4 PRBs empty and some UEs leave the bottom 4 PRBs empty. This enables greater multiplexing among UEs. 
Proposal 9: Support configuration of UL FH patterns which take advantage of both the top and bottom PRBs in the overall 100 MHz as shown in Figure 3.
Common Aspects 
RAN1 made the following agreement on the short switching time for RF retuning.
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.

We are expecting that RAN4 may provide feedback on the feasible values for the switching time. The switching time may be short, and it is beneficial for SRS frequency hopping. In consideration of the delay and overhead for signal transmission and reception, multiple signalling to trigger the RF switching behaviour may be a critical barrier to support frequency hopping. Thus, RAN1 should discuss the way to reduce the time gap and unnecessary signalling overhead of RedCap FH for positioning (e.g., support a single DCI triggering all the switching).
Proposal 10: RAN1 should discuss the way to reduce the time gap and unnecessary signalling overhead of RedCap FH for positioning (e.g., support a single DCI triggering all the switching).
At RAN1#112-bis the following agreement was reached: 
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
In our understanding the most general and simple way to implement the above agreement will be for the UE to report one or more measurements and simply indicate which hop(s) each measurement is associated with. On the last FFS point of the earlier agreement our understanding is that contiguous hops (in frequency domain) should be used if multiple hops are used for a measurement. Otherwise, the sequence may be broken and some issues with phase compensation may arise. 
Proposal 11: Support the UE to indicate which received hop(s) are associated with a given measurement. 
Proposal 12: Restrict multi-hop measurements to the case where the hops are contiguous in the frequency domain. 
Conclusions
In this contribution we make the following observations and proposals:
Proposal 1: RAN1 should discuss how to perform phase alignment between frequency chunks in PRS frequency hopping/stitching including the impacts of a poor channel on the overlapping RB/REs. 
Proposal 2: RAN1 should support phase alignment for Multi-RTT and determine if phase alignment is needed for both UL at the gNB and DL at the UE.
Observation 1: If the PRS frequency hopping is supported only with MG configuration for RedCap UE, the performance gap between MG-based mode and MG-less mode is substantial.
Observation 2: If the PRS frequency hopping is supported only with MG configuration for RedCap UE, the scheduling flexibility from the network is limited.
Proposal 3: RAN1 should support DL PRS frequency hopping outside MG for RedCap UE at least for the case of Type-1A PPW.
Proposal 4: RAN1 should specify solutions to effectively support DL PRS frequency hopping within PPW configurations.
Proposal 5: When UE is FH within an SRS resource it should transmit part of the SRS resource/sequence (i.e., 1 SRS frequency hop) during one hop.
Proposal 6: RAN1 supports UE to request an SRS sequence that satisfies a certain level of PAPR performance.
Proposal 7: For the SRS frequency hopping, the SRS configuration independent with the existing UL BWP supports at least with the following configuration parameters 
· Starting RB index and the number of RBs of the SRS resource, 
· Starting slot, the number of slots and/or the number of symbols
· Periodicity and offset
· SRS sequence ID
· Number of frequency hops, 
· Gap time between frequency hops, 
· Number of RBs overlapped between frequency hops
Proposal 8: Support Option 1: an UL time window where the UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. 
Observation 3: Multiplexing capability across different UEs for UL FH will be impacted by the FH pattern design. 
Proposal 9: Support configuration of UL FH patterns which take advantage of both the top and bottom PRBs in the overall 100 MHz as shown in Figure 3.
Proposal 10: RAN1 should discuss the way to reduce the time gap and unnecessary signalling overhead of RedCap FH for positioning (e.g., support a single DCI triggering all the switching).
Proposal 11: Support the UE to indicate which received hop(s) are associated with a given measurement. 
Proposal 12: Restrict multi-hop measurements to the case where the hops are contiguous in the frequency domain.
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