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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. configuration of the hopping bandwidth for SRS with Tx hopping
Regarding the UL SRS hopping configuration, the following agreement was made at the last RAN1 meeting [2].
	Agreement
The working assumption is revised as follow:
Working assumption 
For the SRS for positioning with Tx hopping wrapping pattern, the starting frequency for each symbol of the wrapped staircase pattern is configured by:

a new offset nFH is added to the the exisiting equation for the starting frequency , where 

 Where: (down-select at RAN1#115)
-alt1: is the frequency hop index of the initial hop (new configured parameter)

-alt2:  
· Note: The reference point for starting PRB of the first hop  and nshift is defined as lowest RB provided by the agreed configuration that may include SCS, CP size and bandwidth (position and size)

-  is the starting PRB of the first hop
- In k0, nshift is replaced by 
-  is the SRS hop transmission counter in time domain
- is the configured number of hops
- is the configured hop bandwidth, in number of RBs
- is the configured common overlap between two hops, in number of RB(s).


The general configuration components have been agreed. The remaining issue is the initial frequency hop index  is configured as a new parameter (alt.1) or defined and calculated by other parameters as  (alt.2).  depends on the starting PRB of the first hop , the hop bandwidth in common all hops , and the common overlap size between two hops , and  can be calculated according to these parameters. 
Regarding to the network flexibility, we believe both alternatives have the same flexibility since alt.2 has three parameters, which can provide the sufficient flexibility. Even alt.1,  is restricted by these parameters so as to fulfil the above equation. In that sense, we think alt.1 has no clear benefit, rather alt.1 just increases the complexity of the network operation due to necessary configuration constraints. Thus, we believe alt.2 should be down-selected.
Proposal 1:
· The initial frequency hop index  should be defined and calculated according to the other parameters.

2.2. Frequency hopping support for eRedCap UEs
Regarding the frequency hopping support for eRedCap UEs, we believe it is within the WID scope. According to the WID on Rel-18 NR positioning enhancement [1], support for eRedCap is not precluded. 
Regarding to the specification impact, we believe only a small impact can be expected. The WID on Rel-18 eRedCap support and UE capability for Rel-18 eRedCap support are described as follows.
	Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.


	48. NR_redcap_enh
	48-1
	RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1
	The following components are the same as for supportOfRedCap-r17 (28-1):
1. Maximum FR1 RedCap UE bandwidth is 20 MHz.
3. Early indication of RedCap UE in Msg.1 for 4-step RACH
4. Separate initial UL BWP for RedCap UEs
- It includes the configuration(s) needed for RedCap UE to perform random access
- Enabling/disabling of frequency hopping for common PUCCH resources
5. Separate initial DL BWP for RedCap UEs
- It includes CSS/CORESET for random access
- For separate initial DL BWP used for paging, CD-SSB is included
- For separate initial DL BWP only used for RACH, SSB may or may not be included
- For separate initial DL BWP used in connected mode as BWP#0 configuration option 1, CD-SSB is included
6. 1 UE-specific RRC configured DL BWP per carrier
7. 1 UE-specific RRC configured UL BWP per carrier
8. RRC reconfiguration of any parameters related to BWP
9. UE-specific RRC configured DL BWP with CD-SSB or NCD-SSB
10. NCD-SSB based measurements in RRC-configured DL BWP

The following components are new compared to supportOfRedCap-r17 (28-1):
11. DL/UL peak data rate target of 10 Mbps corresponding to vLayers·Qm·f = 3.2
12. Maximum number of PDSCH/PUSCH PRBs that can be scheduled/configured for unicast is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
13. Relaxed processing timeline of 1/0.5 ms for 15/30 kHz SCS when the RAR PDSCH and MsgB PDSCH (if supported) is larger than 25/12 PRBs for 15/30 kHz SCS
14. Network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs
15. Maximum number of Msg4 PDSCH PRBs that can be [decoded/scheduled] and maximum number of Msg 3 PUSCH PRBs and Msg A PUSCH PRBs (if supported) that can be [transmitted/scheduled] is 25 PRBs for 15 kHz SCS and is 12 PRBs for 30 kHz SCS
FFS whether to add additional components
	
	Y
	
	Network assumes the UE is not a RedCap UE with reduced peak data rate and reduced baseband bandwidth in FR1.
	Per UE
	No
	FR1 only
	
	A UE supporting this FG is not required to support FG 6-1.
A UE supporting this FG is not allowed to support FG 28-1.
The specifications for a UE supporting FG 28-1 (‘RedCap UE’) also apply for a UE supporting this FG (FG 48-1) unless stated otherwise.
It is up to RAN2 whether/how to capture the capabilities for early indication of RedCap UE in Msg 3 and Msg A.
It is up to RAN2 whether/how to capture the capabilities for additional separate early indication of Rel-18 eRedCap UE in Msg 3 and Msg A PUSCH.
	Optional with capability signaling
UEs supporting Rel-18 eRedCap UE complexity reduction feature(s) indicate support of this FG instead of FG 28-1 (supportOfRedCap-r17).


eRedCap UEs reduce the maximum supported bandwidth to 5 MHz only for PDSCH (for both unicast and broadcast) and PUSCH, while other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth. Since DL PRS and UL SRS for positioning can still be used with up to 20 MHz, frequency hopping for RedCap UEs can be reused to eRedCap UEs without any impact, and eRedCap UEs can support frequency hopping technically. Only one RAN1 impact for eRedCap support would be on UE capability aspect i.e., either FG 28-1 or 48-1 is prerequisite FG for frequency hopping FGs (FG 45-5-1 and 45-5-2). Based on above discussion, RAN1 should make the explicit conclusion to support frequency hopping for eRedCap UEs, and specification impact proposed above can be discussed in UE feature session.
Observation 1:
· Frequency hopping support for eRedCap is not precluded in WID.
Observation 2:
· For eRedCap UEs, DL PRS and UL SRS for positioning can still be used with up to 20 MHz, and frequency hopping for RedCap UEs can be reused to eRedCap UEs without any impact except for UE capability aspect.
Proposal 2:
· RAN1 should make the explicit conclusion to support frequency hopping for eRedCap UEs.

2.3. Text Proposal
2.3.1. Text proposal on configuration of the SRS for positioning with Tx hopping
Regarding the text proposal on configuration of the SRS for positioning with Tx hopping, following proposals were discussed at the last RAN1 meeting [5].
	Reason for change
	[bookmark: OLE_LINK8][bookmark: OLE_LINK5]All SRS frequency hopping related configuration parameters need to be captured in 6.2.1.4 in 38.214. 

	Summary of change
	Section 6.2.1.4 in 38.214: Clarify SRS frequency hopping related configuration parameters.

	Consequences if not approved
	SRS frequency hopping configuration is not clear in 38.214.

	Text proposal from[4]
	TS 38.214
6.2.1.4	UE sounding procedure for positioning purposes
************** Unchanged parts omitted**************
The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode.  The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain. When the reduced capability UE is configured to perform transmit frequency hopping it expects to be provided with the following parameters:.
-       The starting PRB of the first frequency hop in [higher layer parameter]
-	The starting slot offset and starting symbol for each hop in [higher layer parameter]
-	The number of symbols in each hops in [higher layer parameter]
-	The hop bandwidth in [higher layer parameter]
-	The overlap between hops, if present, in [higher layer parameter]
-       The number of hops in [higher layer parameter].

************** Unchanged parts omitted**************

	Text proposal from [6]
	The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode. The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain. When the reduced capability UE is configured to perform transmit frequency hopping it expects to be configured with via [higher layer parameter] with the starting PRB of the first frequency hop.
-	the starting PRB of the first hop via [higher layer parameter],
-	the hop bandwidth via [higher layer parameter],
-	the number of overlap PRBs between hops via [higher layer parameter],
-	the starting slot offset and starting symbol of each hop via [higher layer parameter],
-	the number of consecutive symbols in each hop via [higher layer parameter],
-	the number of hops via [higher layer parameter].


	Text proposal in [7]
	<Unrelated part omitted>
	The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode.  The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain. When the reduced capability UE is configured to perform transmit frequency hopping it expects to be configured via [higher layer parameter] with the following parameters for each positioning SRS resource:
- the number of hops
[bookmark: OLE_LINK7]- a hop bandwidth common to all hops
- a single overlap value can be configured for all hops for the SRS resource
- the number of consecutive symbols in a hop common to all hops
- start symbol and slot offset for each hop
- starting PRB of the first frequency hop.
where the starting PRB of frequency hop m+1 is equal to the end of PRB of frequency hop m - the single overlap value. And the UE does not expect to be configured for any one hop across slot boundaries.


[bookmark: OLE_LINK10]<Unrelated part omitted>


The configuration of the SRS for positioning with Tx hopping was almost agreed. RAN1 needs a corresponding text proposal to reflect the agreements. We believe each alternative follows the configuration discussion so far, but either one should be agreed.
Proposal 3:
· RAN1 should agree on the text proposal for the configuration of the SRS for positioning with Tx hopping.

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:
· Frequency hopping support for eRedCap is not precluded in WID.
Observation 2:
· For eRedCap UEs, DL PRS and UL SRS for positioning can still be used with up to 20 MHz, and frequency hopping for RedCap UEs can be reused to eRedCap UEs without any impact except for UE capability aspect.
Proposal 1:
· The initial frequency hop index  should be defined and calculated according to the other parameters.
Proposal 2:
· RAN1 should make the explicit conclusion to support frequency hopping for eRedCap UEs.
Proposal 3:
· RAN1 should agree on the text proposal for the configuration of the SRS for positioning with Tx hopping.
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