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[bookmark: _Ref513464071]Introduction
In RAN#98, the following descriptions for RedCap UE positioning for WID were agreed [1]. In addition, agreements were made during RAN1#112b-e [2].
	· 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].



In this contribution, enhancements necessary to support positioning of RedCap UEs are described, considering the agreements made in RAN1#112b-e [2].
[bookmark: _Hlk101726869]Potential enhancements for positioning for RedCap UEs
Overlapped bandwidth between two consecutive hops
Overlapping bandwidth between hops was considered during SI [3] such that the receiver can maintain phase continuity between hops. It should be noted that the amount of overlapped bandwidth may depend on the amount of phase discontinuity between hops. For example, if a time gap between consecutive hops is long, the amount of overlap in the bandwidth between two consecutive hops may need be large such that the receiver can perform coherent combining of hops. On the other hand, if a time gap between consecutive is short, there may not be a need to have overlap between two consecutive hops in the frequency domain. Dependency between the overlap of bandwidth and a time gap between two consecutive hops should be studied. Thus the following proposal is made.
Proposal 1: The amount of overlapped bandwidth is associated with gap between two consecutive frequency hops for UL frequency hopping and Rx frequency hopping
In RAN1#112b-e, the following agreement has been made.
	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.


The details of hopping patterns for SRS Tx hopping are to be determined. To preserve phase continuity between hops, staircase pattern should be adopted. In addition, overlapping hops should be adjacent in the time domain. An example of such a pattern is illustrated in Figure 2.
[image: ]
Figure 1 An example of a staircase SRS frequency hopping pattern for RedCap UE positioning
Thus, the following proposal is made.
Proposal 2: Support stair-case patterns for SRS Tx hopping where overlapping hops should be adjacent in the time domain
Rx hopping for reception of PRS
In RAN1#112, the following agreement was made to support Rx frequency hopping.
	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 


The network can configure the normal PRS transmission (e.g., Rel. 16/17 PRS) and the UE can be configured with a Rx hopping. The advantage of this approach is that the conventional positioning transmission parameters can be reused, while allowing the RedCap UE to perform measurements over the bandwidth the RedCap UE is capable of measuring. 
In Rel. 17, both measurement gap and PRS processing window are supported to allow the UE to receive and process measurements for DL-PRS. Both measurement gap and PRS processing window are applicable for reception and processing of PRS hops. Similarly, Rx hopping can be supported during the measurement gap and PRS processing window. Since it is assumed that R16/R17 repetition based PRS transmission is configured with Rx hopping, PRS prioritization should be applicable to PRS. During the prioritization window, the UE will be expected to prioritize reception of DL signals/channels with higher priority than PRS. Thus, the following proposal is made:
Proposal 3: Support PRS processing window to receive PRS via Rx hopping
RAN1 should also discuss which positioning methods can be supported with PRS/SRS hopping. In our view, all measurements (e.g., RSTD, AoA, RSRP) are compatible with hop-based measurements. Thus, all positioning methods (DL-TDOA, UL-TDOA, DL-AoD, UL-AoA and RTT) should be supported.
Proposal 4: Support both DL/UL timing and angle based positioning methods for hopping based positioning methods
Measurements
In RAN1#112b-e, the following agreement related to measurement was made.
	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


For reception of PRS via Rx hopping or reception of SRSp hops by a TRP, measurement reporting for frequency hopping should be considered. 
For example, if RSTD is calculated per hop basis, the UE can transmit SRS hops despite one of the hops is canceled due to higher priority transmission. For example, for Rx hopping, RSTD can be calculated between a pair of hops, consisting of PRSs from the reference TRP and target TRP. Let us use an example where the UE is configured to perform 2-Rx hop measurement as illustrated in Figure 2. The first pair of hop measurements consists of measurement made on the first PRS transmitted from the reference TRP and target TRP. The second pair of hop measurements consist of measurement made on the second PRS transmitted from the reference TRP and target TRP. Thus, even when some hops were not received, the UE can still compute RSTDs using the surviving pairs of hops. When some hops are missing from the measurements, the UE may need to determine to generate coherently combined measurements or report per hop measurement (e.g., RSTD per hop with respect to a reference time). For UL Tx hopping, if RSTD is calculated based on coherently combined hops, the UE may not need to transmit the rest of the hops if one of the hops is canceled. 
In the above agreement, the first bullet “A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning” refers to a case when measurements from all hops can be coherently combined. In the second bullet, “One [or more] measurements where each measurement is associated with one received hop”, it was discussed during the meeting whether per-hop measurement should be allowed or not. It is possible that some of the hops are dropped due to prioritization or not received due to poor channel condition. Thus, the following proposal is made.
Proposal 5: Support per-hop measurement by modifying the agreement made in RAN1#121b-e as follows, “One [or more] measurements where each measurement is associated with one received hop” 
One of the FFS point is “FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together”. The UE or gNB can decide whether to report coherently or per-hop basis based on the reception status. If all hops in a pattern are received, the UE reports coherently combined measurements. If not all hops in a pattern are received, the UE reports one or more measurements where each measurement is associated with one received hop.
Proposal 6: If not all hops in a pattern are received, the UE or gNB reports one or more measurements where each measurement is associated with one received hop of DL PRS or UL SRS for positioning
Proposal 7: If all hops in a pattern are received, the UE or gNB reports coherently combined measurements (e.g., single measurement based on receiving multiple hops of DL PRS or UL SRS for positioning)
Another FFS point is whether the UE includes indication of how many received hops / which received hops where used in the measurement report. To provide more details for the LMF, the UE can include ID of received hop(s) in the measurement report.
Proposal 8 : The UE includes the identify of received hop(s) in the measurement report
 [image: ]
[bookmark: _Ref131674326]Figure 2 Hop-pairwise measurement of RSTD
Prioritization for SRSp hops
In RAN1#112b-e, the following agreement was made.
	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


Under Option 1, the UE is configured with a UL time window during which the UE is not expected to receive or transmit other signals/channels. It is similar to a measurement gap for DL. The rationale for supporting such a window is that the UE may need to maintain phase continuity during UL frequency hopping and any UL transmission or reception during the frequency hopping transmission interval may disrupt the phase continuity. Assuming such a UL time window is configured by the gNB, it is still restrictive and it may cause inefficiency for data communication. The UL time window will prevent the UE from transmitting control channels for scheduling request. If the UL time window is configured periodically, it can potentially disrupt communication periodically. In the current prioritization framework, depending on the contents of uplink channels, SRS can be dropped, allowing flexibility in transmission of high-priority channels. Due to the aforementioned reasons, the following proposals are made.
Proposal 9: Do not support 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”
[image: ]
[bookmark: _Ref134606621]Figure 3 Collision between SRS hop and 
Thus, Option 2 should be supported based on flexibility the collision rules offer. One of the collision scenario is illustrated in Figure 3 where high priority transmission is scheduled between the gap between two SRSp hops. Since it is critical that the UE can maintain phase continuity between hops, collision between the gap between hops and higher-priority UL transmission should also be considered.
Proposal 10: Support Option 2 “Additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels”
Proposal 11: Adopt collision rules between higher-priority UL channel/signal transmission and gap between SRS for positioning hops
Conclusion.
In this contribution, the following proposals are made.
Proposal 1: The amount of overlapped bandwidth is associated with gap between two consecutive frequency hops for UL frequency hopping and Rx frequency hopping
Proposal 2: Support stair-case patterns for SRS Tx hopping where overlapping hops should be adjacent in the time domain
Proposal 3: Support PRS processing window to receive PRS via Rx hopping
Proposal 4: Support both DL/UL timing and angle based positioning methods for hopping based positioning methods
Proposal 5: Support per-hop measurement by modifying the agreement made in RAN1#121b-e as follows, “One [or more] measurements where each measurement is associated with one received hop” 
Proposal 6: If not all hops in a pattern are received, the UE or gNB reports one or more measurements where each measurement is associated with one received hop of DL PRS or UL SRS for positioning
Proposal 7: If all hops in a pattern are received, the UE or gNB reports coherently combined measurements (e.g., single measurement based on receiving multiple hops of DL PRS or UL SRS for positioning)
Proposal 8 : The UE includes the identify of received hop(s) in the measurement report
Proposal 9: Do not support 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”
Proposal 10: Support Option 2 “Additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels”
Proposal 11: Adopt collision rules between higher-priority UL channel/signal transmission and gap between SRS for positioning hops
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