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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the approved new WID on Expanded and Improved NR Positioning [1], the objectives of positioning for UEs with Reduced Capabilities are as follows:
	· 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].




This contribution discusses and addresses the open issues associated with the agreements reached at the RAN1#112bis-e meeting.          

[bookmark: _Ref115331598][bookmark: _Ref129681832]Discussion
Frequency hopping is a promising solution, which can improve positioning accuracy by extending the maximum narrow transmission bandwidth of SRS and PRS to beyond 20 MHz and 100 MHz for FR1 and FR2, respectively. The frequency hopping solution enables a RedCap UE to transmit/receive narrowband reference signals (e.g., 20 MHz or 5 MHz) for positioning at each hopping occasion. At each hop, the RedCap UE selects a different chunk of the wide bandwidth. Frequency hopping will continue until a sufficiently wide bandwidth for positioning (e.g., 100 MHz for FR1 or 400 MHz for FR2) is covered. At the receiver side, the received narrowband reference signal at each hop is coherently combined to obtain wideband positioning measurements.   

DL PRS and UL SRS measurement reporting 
During the RAN1#112bis-e meeting, RAN1 made the following agreement [2]:
	Agreement
[bookmark: _Hlk134711183]For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· [bookmark: _Hlk134711200]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



Since a single measurement is based on receiving multiple hops of the DL PRS or UL SRS for positioning is already supported, we do not observe any potential benefits of reporting more than one measurement, where each measurement is associated with one received hop.
Concerning the FFS sub-bullet, i.e., conditions when the above measurements are report, and whether measurements can be reported together, we observe that such reporting incurs overhead which consumes extra time-frequency resources and causes longer latency; and the conditions for reporting the measurements amount to switching between combining multi-hop measurements into one single measurement report or providing a legacy report for each hop. Based on our observations, we propose to revise the above agreement as follows:
Proposal 1: 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 report, and whether the above measurements can be reported together 


SRS for positioning in wideband frequency-hopping UE Tx 
At RAN1#112bis-e, RAN1 concluded that the maximum instantaneous bandwidth per hop or hopping bandwidth for both DL PRS and UL SRS is 20 MHz and 100 MHz for FR1 and FR2, respectively [2], which is   
	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.



In response to the LS from RAN1, RAN4 reached agreements on a set of hop switching time values for RedCap UE UL SRS Tx frequency hopping for FR1 and FR2 [3], which are as follows:
	· 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 example, let us consider the 140 us switching time for 30 kHz SCS. Rounding this switching time to the nearest number of symbols gives us 2 symbols. Assuming the total (or wide) frequency-hopping bandwidth of 100 MHz, it takes a minimum of 5 hops. With a switching time of 2 symbols and 1 symbol for SRS transmissions, five hop transmissions require at least 15 symbols, occupying more than one slot. A similar observation can be made for FR2. As such, it is not feasible to complete the UL SRS frequency hopping within one slot given the above maximum hopping bandwidth for both FR1 and FR2. Thus, RAN1 should consider supporting multiple slots for UL SRS frequency hopping to cover a wideband frequency spectrum. 
Observation 1: UL SRS Tx frequency hopping takes multiple slots (depending on hop switching time values) to cover 100 MHz (FR1) and 400 MHz (FR2) bandwidth. 
[bookmark: _Hlk134478973]
During the RAN1#112bis-e meeting, RAN1 made the following agreement [2]: 
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.



From the above agreement, two alternative configurations for the positioning SRS resource are feasible: 
Alt 1: One positioning SRS resource with a short Zadoff-Chu sequence (see Fig. 1)
Alt 2: One positioning SRS resource with a long Zadoff-Chu sequence (see Fig. 2) 
As for Alt 1, the RedCap UE is configured with one SRS positioning resource SRSp Resource i, where the Zadoff-Chu sequence length does not exceed the hopping bandwidth or the instantaneous bandwidth (IBW). At each hop, the same SRS resource is transmitted by the UE. On the other hand, the Zadoff-Chu sequence length for Alt 2 is greater than the hopping bandwidth and up to the total frequency-hopping bandwidth. 
[image: ]
Fig. 1: UE Tx frequency hopping is configured within one SRS resource with short sequences
[image: ]
Fig.2: UE Tx frequency hopping is configured within one SRS resource with long sequences

The configuration of a positioning SRS resource in wideband frequency-hopping RedCap UE includes the following configurable parameters as a baseline:
· Hop switching time which can be any of this set of values: {70 µs, 140 µs} for FR1 and {35 µs, 70 µs, 140 µs} for FR2
· Hopping bandwidth which can be any of this set of values: for example, {5 MHz, 10 MHz, 15 MHz, 20 MHz} for FR1 and {50 MHz, 100 MHz} for FR2  
· Short Zadoff-Chu sequence length up to the hopping bandwidth or long Zadoff-Chu sequence length up to the total (or wide) frequency-hopping bandwidth
Proposal 2: For Tx frequency hopping configured within one positioning SRS resource, support the following configurable parameters as a baseline: 
· Hop switching time which can be any of this set of values: {70 µs, 140 µs} for FR1 and {35 µs, 70 µs, 140 µs} for FR2
· Hopping bandwidth which can be any of this set of values: for instance, {5 MHz, 10 MHz, 15 MHz, 20 MHz} for FR1 and {50 MHz, 100 MHz} for FR2  
· Short Zadoff-Chu sequence with length up to the hopping bandwidth or long Zadoff-Chu sequence with length up to the total (or wide) frequency-hopping bandwidth

During the RAN1#112bis-e meeting, RAN1 agreed to support non-overlapping and overlapping hops in the time domain for UL SRS Tx frequency 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.



With regard to frequency hopping patterns, RAN1 supports the staircase pattern as a starting point and FFS the staggered pattern. 
Proposal 3: For UL SRS Tx hopping, support the following: 
· the staircase hopping pattern (as a starting point); and
· FFS the staggered hopping pattern
In the case of overlapping, Fig. 3 shows partial overlapping between two hops for UL SRS transmissions. The transmission bandwidth of the first hop will cover the guard bands of the second hop and vice versa, ensuring the RBs located in the guard bands can be measured on different hops. The amount of overlapping transmission bandwidth  can consist of an integer multiple of PRBs (e.g., two PRBs) or a fraction of PRBs (e.g., half a PRB), which can be expressed mathematically as
 
where  is the frequency start location of hop 
	    is the frequency start location of hop  + 1
    is the guard band

Proposal 4: For UL SRS frequency hopping with partial overlapping, support
· excluding the guard bands on either side of the channel edge from the overlapping bandwidth determination
· the overlapping bandwidth is a configurable parameter  

[image: ]
Fig. 3: Partial overlapping frequency hopping for UL SRS transmissions



Conclusion
This contribution has discussed wideband frequency hopping RedCap UE for positioning with uplink SRS. The following proposals have been made:
Proposal 1: 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 report, and whether the above measurements can be reported together

Observation 1: UL SRS Tx frequency hopping takes multiple slots (depending on hop switching time values) to cover 100 MHz (FR1) and 400 MHz (FR2) bandwidth. 
Proposal 2: For Tx frequency hopping configured within one positioning SRS resource, support the following configurable parameters as a baseline: 
· Hop switching time which can be any of this set of values: {70 µs, 140 µs} for FR1 and {35 µs, 70 µs, 140 µs} for FR2
· Hopping bandwidth which can be any of this set of values: for instance, {5 MHz, 10 MHz, 15 MHz, 20 MHz} for FR1 and {50 MHz, 100 MHz} for FR2  
· Short Zadoff-Chu sequence with length up to the hopping bandwidth or long Zadoff-Chu sequence with length up to the total (or wide) frequency-hopping bandwidth
Proposal 3: For UL SRS Tx hopping, support the following: 
· the staircase hopping pattern (as a starting point); and
· FFS the staggered hopping pattern
Proposal 4: For UL SRS frequency hopping with partial overlapping, support
· excluding the guard bands on either side of the channel edge from the overlapping bandwidth determination
· the overlapping bandwidth is a configurable parameter  
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