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1. Introduction
At the RAN#98-e meeting, new WID on Rel-18 NR positioning enhancement was agreed [1]. The work item includes objectives related to positioning support for RedCap UEs 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].


In this contribution, we present our views on potential enhancements of positioning support for RedCap UEs for Rel-18 NR positioning.

2. Discussions
2.1. UL SRS frequency hopping
2.1.1. UL SRS Tx hopping pattern
Regarding the UL SRS hopping configuration, the following agreement was made at the last RAN1 meeting [2].
	Agreement
For SRS Tx hopping, the configuration includes:
· a hop bandwidth common to all hops
· FFS: possible values
· a single overlap value can be configured for all hops for the SRS resource
· FFS: possible values 
· The starting slot offset and starting symbol for the SRS resource with tx hopping (first hop)
· FFS: possible values  
· the starting slot offset and symbol for each of the hops following the first hop, 
· Note Up to ran2 to design signaling of the starting position for each hop, i.e. how the SRS resource configuration signaling indicates the starting slot offset and starting symbol for the hops following the first hop
· FFS: possible values 
· The number of consecutive symbols in a hop common to all hops
· FFS: possible values 
· The number of hops 
· FFS: possible values 
· UE does not expect to be configured for any hops across slot boundaries, i.e.the starting position + duration of a hop cannot exceed a slot duration
· FFS: whether/how special handling for the last hop overlap


The general configuration components were agreed. RAN1 needs to decide the possible values of each component at the maintenance phase. RAN1 have already received the reply LSs from RAN4 [3][4], that inform that the switching gaps between hops are {70us, 140us} for FR1 and {35us, 70us, 125us} for FR2.
It would be necessary to consider available resources for UL as UL resource is limited in typical TDD configuration. Figure 1 shows an example of symbol allocation of UL frequency hopping. We assume FR1 and SCS = 30 kHz and 6 consecutive FH procedures are performed within two consecutive slots, as 1ms consecutive UL slot configuration would be typical TDD configuration both in LTE and in NR. UE does not expect to be configured for any hops across slot boundaries, i.e., the starting position + duration of a hop cannot exceed a slot duration.
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Figure 2 Symbol allocation of UL frequency hopping

A hop bandwidth common to all hops
RAN1 have already made the conclusion that for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20 MHz for FR1 and 100 MHz with FR2. Thus, at least 20 MHz for FR1 and 100 MHz for FR2 should be supported as maximum hop bandwidths common to all hops of each FR. Regarding the additional values, the total bandwidth of a whole frequency hopping is determined by multiple parameters such as a hop bandwidth common to all hops, a single overlap value configured for all hops, and the number of hops. Too many combinations of the candidate values will make the implementation and the test more complex. Thus, we believe that both a hop bandwidth common to all hops and a single overlap value configured for all hops should not have too many parameters, but either one may need to have sufficient parameters to achieve necessary flexibility. If possible values for a single overlap value for all hops can be limited as proposed at the RAN1#113 meeting, candidate values for a hop bandwidth may need to have enough granularities to support necessary flexibility of the total bandwidth size. 
Observation 1:
· Too many combinations of the candidate values will make the implementation and the test more complex. 
Observation 2:
· Both a hop bandwidth common to all hops and a single overlap value configured for all hops should not have too many parameters, but either one may need to have sufficient parameters to achieve necessary flexibility.
Proposal 1:
· At least 20 MHz for FR1 and 100 MHz for FR2 should be supported as maximum hop bandwidths common to all hops of each FR.
Proposal 2:
· Candidate values for a hop bandwidth may need to have enough granularities to support necessary flexibility of the total bandwidth size.

A single overlap value configured for all hops for the SRS resource
Regarding the candidate values for a single overlap value configured for all hops for the SRS resource, RAN1 have discussed the possible values at the RAN1#113 meeting as follows.
	Proposal 5.4-3a: SRS Tx Frequency hopping is configured with an overlap between hops. 
· Support in the specification multiple overlap options between 2 frequency-adjacent hops with a minimum value of 0 PRB, 1 PRB 
· FFS: other values of overlap  
· Note: The overlap between hop may be explicitely (i.e. via a parameter), or implicitely configured
· Note: The overlapping PRB(s) should exclude the guard bands on either side of the RedCap UE channel edge.
Proposal 5.4-3b: SRS Tx Frequency hopping is configured with an overlap between hops. 
· Support in the specification multiple overlap options between 2 frequency-adjacent hops with a minimum value of 0 PRB and a granularity of 1 PRB. 
· FFS: The maximum value of the overlap  
· Note: The overlap between hop may be explicitely (i.e. via a parameter), or implicitely configured
· Note: The overlapping PRB(s) should exclude the guard bands on either side of the RedCap UE channel edge.



Two proposals of 5.4-3a and 3b were discussed, and both have the values of 0 and 1 PRB overlap. Considering that other values are FFS, and RAN1 is in a maintenance phase, the number of candidate values should be minimum. Subject to UE capability, hopping patterns with overlapping or without overlapping hops are supported. The minimum value of 0 PRB should be supported to align with the agreement. Since the starting position of the SRS has a resolution of 1 PRB in the current specification, the minimum overlap value of 1 PRB can be realized. Therefore, we believe that at least 0 and 1 PRB should be supported as overlap size. As discussed above, it is preferable to minimize the number of candidate values for a single overlap value for all hops, while candidate values for a hop bandwidth and/or the number of hops may be able to have the sufficient granularities to support necessary flexibility of the total bandwidth size. 
Proposal 3:
· At least 0 and 1 PRB should be supported as overlap size.

The starting slot offset and starting symbol for the SRS resource with tx hopping (first hop)
RAN1 have discussed that the gap size is not explicitly configured but can be calculated by other parameters i.e., starting slot offset and starting symbol, the number of consecutive symbols, and the number of hops. According to the reply LSs from RAN4 [3][4], the switching gaps between hops are {70us, 140us} for FR1 and {35us, 70us, 125us} for FR2. Figure 3 shows an example of symbol allocation of UL frequency hopping. We believe that the starting slot offset and starting symbol should be configured considering the necessary gap size. We may assume the 1 symbol SRS and 70us gap, which can stuff the hops as much as possible. In this assumption, the starting symbol could be 12. Thus, we believe at least 12 for a starting symbol may be supported.
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Figure 3 Symbol allocation of UL frequency hopping

We considered 2 additional situations as follows. Figure 4 shows other examples of symbol allocation of UL frequency hopping. The orange parts show 1 symbol SRS with 140 us switching gaps between hops, which is another value that RAN4 informed RAN1 about the gap size between hops for FR1. The blue parts show 2 symbol SRS with 70 us switching gaps between hops, which is a maximum length that can contain 6 hops in 2 consecutive 2 UL slots. In the assumptions, the starting symbol could be 2 and 6, respectively. Thus, we believe at least 2 and 6 for a starting symbol may be supported.
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Figure 4 Symbol allocation of UL frequency hopping

Observation 3:
· The starting slot offset and starting symbol should be configured considering the necessary gap size.
Proposal 4:
· At least 2, 6, 12 for a starting symbol may be supported.

The starting slot offset and symbol for each of the hops following the first hop
Same as them for the first hop, the starting slot offset and starting symbol should be configured considering the necessary gap size.

The number of consecutive symbols in a hop common to all hops
In the current specification, SRS for positioning supports the number of symbols for SRS from 1 symbol. RAN1 has discussed that the gap size is not explicitly configured but can be calculated by other parameters such as starting slot offset and starting symbol, the number of consecutive symbols, and the number of hops. According to the reply LSs from RAN4 [3][4], the switching gaps between hops are {70us, 140us} for FR1 and {35us, 70us, 125us} for FR2. Figure 5 shows an example of symbol allocation of UL frequency hopping. We believe that the number of consecutive symbols in a hop common to all hops should be configured considering the necessary gap size. We may assume the 70us gap and 0 as starting symbol, which can stuff the hops as much as possible. In this assumption, the maximum symbol length of each hop may be 3 in order to support 6 hops within 2 consecutive slots. Thus, we believe at least from 1 to 3 consecutive symbols can be supported. If the number of hops less than 6 is supported, more symbol length can be supported.
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Figure 5 Symbol allocation of UL frequency hopping

Proposal 5:
· At least from 1 to 3 consecutive symbols can be supported. If the number of hops less than 6 is supported, more symbol length can be supported.

The number of hops
RAN1 have already made the conclusion that for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20 MHz for FR1 and 100 MHz with FR2. UE can support up to 100 MHz in FR1 with 5 hops and 400 MHz in FR2 with 4 hops when the overlap is not configured. In order to support the same total bandwidth as normal UE even with overlap, at least 6 hops should be supported.
Proposal 6:
· In order to support the same total bandwidth as normal UE, at least 4, 5, 6 hops should be supported.

2.1.2. UL time window
Regarding the UL time window for UL SRS Tx hopping collision rules, following proposal was discussed at the last RAN1 meeting [5].
	Proposal 4.2.1.6.1-1:  Multiple UL time windows may be configured by higher layers.



RAN1 discussed whether multiple UL time windows were necessary, but there was no conclusion or agreement due to the limited time. In our view, the motivation to support multiple UL time window is unclear. Since RAN1 is in a maintenance phase, new feature should not be introduced, unless there is a critical need. In addition, RAN1 has agreed that for DL PRS Rx hopping, a single instance of a measurement gap is used for receiving all the hops for DL PRS with Rx frequency hopping, as follows.
	Agreement
From RAN1 perspective, for DL PRS Rx hopping, a single instance of a measurement gap is used for receiving all the hops for DL PRS with Rx frequency hopping.
· Note: this does not assume that the reported measurement has to be based on a single instance of a measurement gap
· Send an LS to RAN4 to confirm RAN1’s understanding, and if needed ensure that the measurement gap has the proper duration.



Considering the symmetry of UL and DL, for UL SRS Tx hopping, single UL time window may be configured for transmitting all the hops for UL SRS with Tx frequency hopping.
Corresponding higher layer parameter was discussed at the last RAN1 meeting [4].
	Description
To configure 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: Maximum number of UL time windows that may be provided to a UE.



Because of the same reason, we believe that the FFS point can be removed (i.e., a single UL time window can be provided to a UE).
Proposal 7:
· Regarding the higher layer parameter for UL time window, the FFS point can be removed (i.e., a single UL time window can be provided to a UE).

2.2. Measurement Reporting
Regarding the measurement reporting procedures, the following proposal was discussed at the last RAN1 meeting [5].
	Proposal 2.2.1-1: 
For measurements based on DL PRS with Rx frequency hopping or UL SRS with Tx hopping, the UE/gNB can additionally report   
· Indication of which hop(s) were used to produce the DL positioning measurement for UE reported DL positioning measurements 
· Indication of which hop(s) were used to produce the UL positioning measurement for gNB reported UL positioning measurements. 
FFS: how to indicate the reported hops. Solutions include but are not limited to hop ID, hop bandwidth or total measured bandwidth, with or without starting PRB, total measured bandwidth. 



The introduction of hop indication was discussed, but RAN1 could not clarify the benefit, and could not reach the consensus. Considering that RAN1 is in the maintenance phase, new feature shoudl not be introduced, unless there is a critical need. Thus, we believe that for DL Rx hopping and UL Tx hopping, hop indication should not be supported.
Proposal 8:
· For DL Rx hopping and UL Tx hopping, hop indication should not be supported.

2.3. Draft CR TS 38.214
Single measurement instance for DL PRS Rx frequency hopping measurement is captured for clause 5.1.6.5 in TS 38.214 as follows [6].
	The reduced capability UE may be configured to measure and report, subject to UE capability, via [higher layer parameter] the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference using receiver frequency hopping for a DL PRS resource, with bandwidth that may be greater than the maximum reduced capability UE bandwidth, within a configured measurement gap. The reduced capability UE performing receiver frequency hopping may be configured to report via [higher layer parameter] one measurement associated with one received frequency hop or one measurement based on multiple hops of the DL PRS. [In RRC_CONNECTED mode], the reduced capability UE is expected to use a single instance of a configured measurement gap to receive all hops of the DL PRS using receiver frequency hopping. 



In our understanding, when the measurement gap is activated, UE is assumed to be in the RRC_CONNECTED state. For the clarification, we believe that for the CR of TS 38.214, the bracket should be removed (i.e., keep “In RRC_CONNECTED mode”).
Proposal 9:
· For the CR of TS 38.214, the bracket should be removed (i.e., keep “In RRC_CONNECTED mode”).

3. Conclusion
In this contribution, we discussed potential enhancements for positioning for RedCap UEs. Based on the discussion, we made following observations and proposals.
Observation 1:
· Too many combinations of the candidate values will make the implementation and the test more complex. 
Observation 2:
· Both a hop bandwidth common to all hops and a single overlap value configured for all hops should not have too many parameters, but either one may need to have sufficient parameters to achieve necessary flexibility.
Observation 3:
· The starting slot offset and starting symbol should be configured considering the necessary gap size.
Proposal 1:
· At least 20 MHz for FR1 and 100 MHz for FR2 should be supported as maximum hop bandwidths common to all hops of each FR.
Proposal 2:
· Candidate values for a hop bandwidth may need to have enough granularities to support necessary flexibility of the total bandwidth size.
Proposal 3:
· At least 0 and 1 PRB should be supported as overlap size.
Proposal 4:
· At least 2, 6, 12 for a starting symbol may be supported.
Proposal 5:
· At least from 1 to 3 consecutive symbols can be supported. If the number of hops less than 6 is supported, more symbol length can be supported.
Proposal 6:
· In order to support the same total bandwidth as normal UE, at least 4, 5, 6 hops should be supported.
Proposal 7:
· Regarding the higher layer parameter for UL time window, the FFS point can be removed (i.e., a single UL time window can be provided to a UE).
Proposal 8:
· For DL Rx hopping and UL Tx hopping, hop indication should not be supported.
Proposal 9:
· For the CR of TS 38.214, the bracket should be removed (i.e., keep “In RRC_CONNECTED mode”).
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