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Introduction
The WID on positioning for RedCap UEs is approved in [1]. 
	· 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 paper, we share our views on frequency hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning.

PRS resource configuration for hopping
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]
Configuration level of DL PRS frequency Hopping 
In NR Rel-16/17, the UE can be configured with one or more DL PRS positioning frequency layer configuration(s) as indicated by the higher layer. Each positioning frequency layer will be configured with one or more PRS resource set(s) of one or more TRP(s). In other word, a DL PRS positioning frequency layer is defined as a collection of DL PRS resource sets. Each DL PRS resource set consists of one or more DL PRS resource(s) where each has an associated spatial transmission filter.


Figure 2.1-1: The DL PRS resource configuration framework.

In RAN1#112, the following agreement on specification of Rx and Tx hopping for DL PRS had been achieved [2].
	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 UE performs frequency hopping reception of PRS within one PRS resource, there are two PRS frequency hopping reception schemes
· Scheme 1: UE perform frequency hopping reception between different PRS transmission repetitions within the same SRS resource cycle, as shown in the Figure 2.1-2.


Figure 2.1-2: UE perform frequency hopping reception between different PRS transmission instances within the same SRS resource cycle

· Scheme 2: UE performs PRS frequency hopping reception during different transmission periodicity of the same PRS resource, as shown in the Figure 2.1-3.


Figure 2.1-3: UE performs PRS frequency hopping reception during different transmission periodicity of the same PRS resource

For Scheme 1, in existing specifications, a PRS resource can be configured with a maximum of 32 repetitions, and the minimum time interval between adjacent PRS repeated transmissions can be 1 time slot. It can meet the timing requirements of PRS frequency hopping reception. For Scheme 2, in existing specifications, the minimum PRS transmission periodicity is 4 time slots. In this case, UE performs PRS frequency hopping reception during different transmission periodicity of the same PRS resource is difficult to meet the timing requirements of PRS frequency hopping reception.
Therefore, for UE performs frequency hopping reception of PRS within one PRS resource, we prefer UE perform frequency hopping reception between different PRS transmission repetitions within one period of one PRS resource.
Proposal 1: UE perform frequency hopping reception between different PRS transmission repetitions within one period of one PRS resource can be considered.

MG based and gapless measurements for DL PRS with frequency hopping
In RAN1#112, the following agreement on MG based and gapless measurements for DL PRS with frequency hopping had been achieved [2].
	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


In order to reduce positioning delay, R17 introduces positioning measurement based on PPW. The network uses high-level signaling to configure PPW and measure gap for UE. When the PRS resource is in the BWP and the SCS is consistent with the currently active BWP. UE can apply PPW to measure the PRS resource. When PRS resources are outside the currently activated BWP or PRS SCS are inconsistent with the currently activated BWP, UE needs to apply the measurement Gap for PRS measurement. For PRS frequency hopping transmission, a PRS frequency hopping transmission cannot only be within the currently active BWP (as shown in the Figure 2.2-1), so UE cannot use PPW for PRS frequency hopping reception. In our opinion, PRS measurement based on PPW cannot be applied to PRS frequency-hopping receiver of Redcap positioning. Only measurement gap based measurement for DL PRS frequency hopping should be considered.


Figure 2.2-1:  A PRS frequency hopping transmission cannot only be within the currently active BWP.

Proposal 2: Only measurement gap based measurement for DL PRS frequency hopping should be considered.
In the existing specification, UE can be configured with per-UE measurement gap pattern and/or per-FR measurement gap pattern. The measurement gap length and measurement gap repetition period are shown in the table below [TS 38.133]. From the table, we can see that the minimum time interval between two adjacent measuring gap timing is 20ms. Considering the limitation of PRS frequency hopping transmission timing, it is impossible to apply multiple measurement gaps to complete one PRS frequency hopping reception. In our view, UE can only apply a single instance of a measurement gap to complete one PRS frequency hopping reception. In the current measurement gap configuration, the maximum length of measurement gap can be configured to 20ms, which may meet one PRS frequency hopping reception.

Table 9.1.2-1: Gap Pattern Configurations
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



Proposal 3: UE should only apply a single instance of a measurement gap to complete one PRS frequency hopping reception.

SRS resource configuration for hopping
SRS hopping within one resource
In NR Rel-16/17, the UE can be configured with one or more SRS resource set(s) for positioning. Each SRS resource set consists of one or more SRS resource(s). A maximum of 16 SRS resource sets can be configured on each BWP. The configuration framework of SRS for positioning is shown in Figure 3.1-1.


Figure 3.1-1: The configuration framework of SRS for positioning.

In RAN1#112b-e, the following agreement on SRS hopping configuration had been achieved [3].
	Agreement
For RedCap Ues, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.


In R15, SRS support frequency-hopping transmission within one SRS resource. The following two frequency-hopping transmission cases can be implemented using the existing SRS parameter configuration.
· Case 1: When the repetition factor (R) is less than the number of SRS symbols (nrofSymbols), SRS frequency hopping transmission between different symbols can be realized, as shown in the Figure 3.1-2.


Figure 3.1-2: SRS frequency hopping transmission between different symbols within one instance of SRS resource

· Case 2: When the SRS repetition factor is equal to the number of SRS symbols, frequency hopping transmission between different transmission instance of the same SRS resource can be realized, as shown in the Figure 3.1-3.


Figure 3.1-3: Frequency hopping transmission between different transmission instance of the same SRS resource

For Case 1, there is no time interval between two adjacent hops, which cannot meet the requirements of redcap positioning for SRS frequency hopping transmission.
For Case 2, in order to meet the requirements of redcap positioning for SRS transmission timing, the network needs to be configured with dense periodic SRS resources, which can cause serious resource overhead.
Therefore, the SRS frequency hopping transmission within one SRS resource in existing specification cannot meet the requirements of Redcap positioning.
Observation 1: The SRS frequency hopping transmission within one SRS resource in existing specification cannot meet the requirements of Redcap positioning.
One way is similar to DL PRS resource configuration, introducing the SRS repetition mechanism, as shown in Figure 3.1-4. In this case, UE can achieve SRS frequency hopping between different SRS repetitions with one SRS resource. The network can configure the number of SRS repetitions and the time interval between adjacent SRS repetitions per SRS resource. UE can determine the frequency domain location of each SRS repetition based on the existing SRS frequency hopping transmission mechanism.
[image: ]
Figure 3.1-4: Example of SRS repetition
Another way to implement SRS frequency hopping within one SRS resource for redcap positioning is to enhance the existing SRS resource configuration. A SRS resource in the frequency domain is divided into multiple frequency domain resource segments, and each frequency domain resource segment corresponds to a SRS frequency hopping frequency domain resource. In the time domain, each SRS frequency hopping occupies multiple OFDM symbols. Figure 3.1-5 shows an example of SRS frequency hopping transmission in one PRS resource. The network needs to configure the frequency domain location of each SRS frequency hop, or UE determine the frequency domain location of each SRS frequency hop according to the SRS frequency domain resource determination in the existing specification. In addition, the network also needs to configure the time domain location of each SRS frequency hopping in one SRS resource, such as configuring the time interval between two adjacent SRS frequency hopping.
[image: ]
Figure 3.1-5: Example of SRS configuration
Proposal 4: For SRS frequency hopping within one SRS resource, introducing the SRS repetition mechanism, UE achieve SRS frequency hopping between different SRS repetitions with one SRS resource.

The time for RF retuning
In RAN1#112, the following agreement on switching time to allow RF retuning between adjacent hops had been achieved [2].
	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.


For UL SRS Tx frequency hopping, there are two scheme can be considered to reserve the switching time between hops.
· Scheme 1: Define scheduling restriction rules for SRS frequency hopping transmission.
· Scheme 2: Support 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.
In scheme 1, for SRS hopping within one resource, there are two scheduling restriction rules can be considered. 
· Restriction rules 1: No receive/send operations are performed on the first X time units (e.g. X symbols) of each SRS resource start position, and no receive/send operations are performed on the last X time units (e.g. X symbols) of each SRS resource end position, as shown in Figure 3.2-1.


Figure 3.2-1: Scheduling Restriction rules 1 for SRS hopping within one resource

· Restriction rules 2: No receive/send operations are performed on X time units (e.g. X symbols) before the start position of each hop in each SRS resource, and no receive/send operations are performed on X time units (e.g. X symbols) after the end position of each hop in each SRS resource, as shown in Figure 3.2-2.

 
Figure 3.2-2: Scheduling Restriction rules 2 for SRS hopping within one resource

On Restriction rules 1, during SRS hoping transmission, UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. On Restriction rules 2, during SRS hoping transmission, UE may expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. In order to meet the requirements of redcap positioning for SRS transmission timing, the time gap between two SRS hop is very small (e.g., <1ms). It's impossible for UE to receive/transmit other signals/channels during SRS hoping transmission. Therefore, scheduling restriction rules 1 can be considered, if SRS hopping within one resource is supported.
[bookmark: _GoBack]For scheme 2, similar to DL PRS measurement, the network configures periodic SRS transmission windows to the UE, and the UE can complete a SRS frequency hopping transmission using one instance of SRS transmission window, as shown in the Figure 3.2-3. During the SRS transmission window, UE is not expected to receive/transmit other signals/channels and is only expecting to transmit FH SRS for positioning. 


Figure 3.2-3: SRS transmission window

In our view, introducing SRS window will bring significant standardization work and also cause serious data interruption. We prefer define scheduling restriction rules for SRS frequency hopping transmission.
Proposal 5: Define scheduling restriction rules for SRS frequency hopping transmission should be supported.

Frequency hopping pattern
In RAN1#112b-e, the following agreement on SRS frequency hopping pattern had been achieved [3].
	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.


For frequency hopping pattern, there may also be two types of frequency hopping patterns.
· Pattern 1: diagonal pattern


Figure 3.3-1: Example of diagonal pattern
· Pattern 2: staggered pattern


Figure 3.3-2: Example of staggered pattern
For diagonal pattern, different hops are distributed diagonally and the overlapping hops are adjacent in the time domain. For staggered pattern, the overlapping hops may or may not be adjacent in the time domain. In our view, the frequency hopping performance of staggered pattern is weaker than diagonal pattern. Therefore, diagonal frequency hopping pattern should be supported and the overlapping hops are adjacent in the time domain.
Proposal 6: Diagonal frequency hopping pattern should be supported and the overlapping hops are adjacent in the time domain.


Collision rules
In RAN1#112b-e, the following agreement on the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping had been achieved [3].
	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


As mentioned earlier, we do not support defining UL time windows for SRS hopping transmission. Therefore, we do not support Option 1 to handle the issue of collisions between other UL and DL signals/channels and the UL SRS with frequency hopping. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In existing specification, when the UL SRS-Pos conflicts with other uplink channels/signals (e.g., PUSCH and PUCCH), the SRS-Pos are dropped without affecting the transmission of PUSCH/PUCCH. However, for SRS hopping for redcap positioning, a single SRS transmission contains multiple SRS frequency hops. When one or more SRS frequency hops collide with other UL and DL signals/channels in once SRS transmission, it is necessary to discuss how to define collision handling rules. There are following servals  collision handling rules can be considerd.
· Collision rule 1: When one or more SRS frequency hops collide with other UL and DL signals/channels in once SRS transmission, all SRS hops are dropped.
· Collision rule 2: When one or more SRS frequency hops collide with other UL and DL signals/channels in once SRS transmission, only these SRS hops which collide with other channels are dropped.
· Collision rule 3: Define a new collision rule, that is, as long as the continuous N SRS hops in the time domain do not collide with other UL and DL signals/channels in once SRS transmission, UE needs to perform the transmission of these N SRS hops, where N is not less than M. M is configured by the network or predefined by the protocol.
Proposal 7: When one or more SRS frequency hops collide with other UL and DL signals/channels in once SRS transmission, additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels need to be defined.

Frequency overlapping between hops and number of hops
In the SI phase, some companies conducted simulation evaluation for the following two situations.
· Frequency hopping without phase compensation
· Overlapped FH with phase compensation
The simulation results show that the receiver needs to perform phase measurement and compensation to achieve high-precision positioning through SRS/PRS hopping. In our view, overlapping RB is required between two adjacent SRS/PRS hopping in the frequency domain to facilitate phase measurement and compensation at the receiver. The number of overlapping frequency resources in adjacent hops  required for the UE to perform phase offset compensation the overlap between hop for DL PRS Rx frequency hopping is a UE capability. For positioning for RedCap UEs, the number of hops for DL PRS Rx frequency hopping is also a UE capability.
Proposal 8: The number of overlapping frequency resources in adjacent hops  required for the UE to perform phase offset compensation the overlap between hop for DL PRS Rx frequency hopping is a UE capability.
Proposal 9: For positioning for RedCap UEs, the number of hops for DL PRS Rx frequency hopping is a UE capability.

Conclusion
In this contribution, we provided views on Redcap positioning. In summary, we have following observations and proposals:
Observation 1: The SRS frequency hopping transmission within one SRS resource in existing specification cannot meet the requirements of Redcap positioning.

Proposal 1: UE perform frequency hopping reception between different PRS transmission repetitions within one period of one PRS resource can be considered.
Proposal 2: Only measurement gap based measurement for DL PRS frequency hopping should be considered.
Proposal 3: UE should only apply a single instance of a measurement gap to complete one PRS frequency hopping reception.
Proposal 4: For SRS frequency hopping within one SRS resource, introducing the SRS repetition mechanism, UE achieve SRS frequency hopping between different SRS repetitions with one SRS resource.
Proposal 5: Define scheduling restriction rules for SRS frequency hopping transmission should be supported.
Proposal 6: Diagonal frequency hopping pattern should be supported and the overlapping hops are adjacent in the time domain.
Proposal 7: When one or more SRS frequency hops collide with other UL and DL signals/channels in once SRS transmission, additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels need to be defined.
Proposal 8: The number of overlapping frequency resources in adjacent hops  required for the UE to perform phase offset compensation the overlap between hop for DL PRS Rx frequency hopping is a UE capability.
Proposal 9: For positioning for RedCap UEs, the number of hops for DL PRS Rx frequency hopping is a UE capability.
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