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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To support positioning for RedCap UEs, the following objectives were identified:
	· 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 further provide our views on PRS/SRS frequency hopping to achieve RedCap UE positioning based on the outcomes of previous RAN1 meetings [2].

Reporting of measurements per hops
In the last RAN1 meeting, the following agreement was made on measurement reporting per hops:
	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


During the meeting, there was a long discussion on whether to support multiple measurements where each is associated with one hop. In our views, there may have the following situations for DL Rx hopping or UL Tx hopping that a UE or gNB obtains measurements. Taking DL PRS Rx hopping as an example, a RedCap UE can combine all hops to obtain a measurement with an accuracy equivalent to a 100 MHz DL PRS reception bandwidth, or due to collision rules, a RedCap UE can combine a subset of hops to obtain the DL PRS measurement, or a RedCap UE is capable to operate, e.g., advanced processing algorithms, so that it can achieve the measurement requirement based on a single hop. However, it is not clear what is the benefits to report multiple measurements where each measurement is associated with one receive hop.
On the other hand, it is not clear to us the necessity of providing indication of how many / which hops are used to acquire the measurement and how the LMF can use it. Therefore, we propose that:
Proposal 1: For DL Rx hopping or UL Tx hopping, 
· Support to report one [or more] measurement that is associated with a single received hop.
· No need to indicate how many / which hops are used to acquire the measurement
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In RAN1#112 meeting, the following agreement was made that at least support measurement on DL PRS Rx frequency hopping using a MG:
	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


During the last RAN1 meeting, rounds of discussions were taken regarding whether to support PPW-based DL PRS measurement with Rx frequency hopping but no consensus was achieved. In our views, to enable PPW-based DL PRS measurement with Rx frequency hopping, more specification workload is expected. In the current specification, PPW is (pre-)configured per BWP. To support PPW-based DL PRS measurement for RedCap UE, potential BWP switching should be introduced. However, similar as the issue to enhance SRS frequency hopping, as we discussed in Section 3, the current BWP configuration and switching mechanism cannot be directly extended, and therefore large RAN1 workload will be introduced. On the other hand, the advantages of supporting PPW-based DL PRS measurement with Rx frequency hopping is not clear. During the discussion, it was argued that PPW-based DL PRS measurement has lower positioning latency than that of the MG-based case. To our understanding, however, it is the positioning accuracy not latency to be the target of RedCap UE positioning, and we prefer to treat PPW-based DL PRS measurement with low priority.
Proposal 2: For RedCap UEs, the PPW-based DL PRS measurement with Rx frequency hopping should be treated as low priority.
There was another remaining issue of using a single or multiple instance of MG for measurements on DL PRS with Rx frequency hopping. Based on the response of the LS on the switching time by RAN4, it is feasible to perform DL PRS measurement with Rx frequency hopping within a single MG instance. By defining new MG periodicity, it is also possible to operate across multiple instances of MG. But in our views, the whole discussion is under RAN4 scope and should be determined by RAN4. 
Proposal 3: It is up to RAN4 to define RRM requirements for UE performing DL PRS Rx frequency hopping using a measurement gap.
· A LS to RAN4 can be sent.
In addition, the DL PRS configuration to support Rx hopping was discussed and it was concluded to wait for RAN4’s response on the switching time. Regarding DL PRS, RAN4 considers the following switching time for FR1 and FR2. 
	· For RedCap UE DL PRS Rx frequency hopping, RAN4 considers the switching time of {70us, 140us} for FR1 as the starting point
· PRS Rx 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 DL PRS Rx frequency hopping, RAN4 considers the switching time of {35us, 70us, 140us} for FR2 as the starting point
· PRS Rx 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


Based on the reply, both intra-slot and inter-slot Rx frequency hopping is possible. To be specific, the inter-slot Rx hopping can be achieved by configuring slot-level DL PRS repetition, and intra-slot Rx hopping can be achieved by configuring full-staggering DL PRS pattern with number of symbols larger than the comb size, which has already supported in the current spec, and no further specification impact is expected from RAN1 perspective.
Proposal 4: Both intra-slot and inter-slot DL PRS Rx frequency hopping can be supported.
· No RAN1 specification enhancement is required.

SRS positioning frequency hopping
4.1 SRS frequency hopping configuration
In NR R16 positioning, frequency hopping of SRS for positioning resources was not support. However, in R15, frequency hopping of MIMO SRS resources was specified so that a UE can use a relatively small transmit power to sound a larger bandwidth. For a MIMO SRS resource, both intra-slot (for P/SP/AP-SRS) and inter-slot (for P/SP-SRS) frequency hopping were supported. When frequency hopping is configured, SRS resource is transmitted in a frequency hopping way across difference subcarrier sets, and the set value is determined by number of adjacent symbols Ns and repetition R.
In the last RAN1 meetings, it was agreed that support of SRS for positioning frequency hopping will use a configuration separate from the existing BWP configuration, and the SRS Tx frequency hopping is configured within one SRS for positioning resource:
	Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources
Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.


Based on the agreements, a potential configuration mechanism is shown as follows, where similar as the SRS configuration in RRC_INACTIVE state, the SRS for positioning resources for Tx frequency hopping can be configured under a UL BWP outside of the initial UL BWP of a RedCap UE with a bandwidth larger than 20MHz. Each hop is within one SRS resource, similar as the configuration level for MIMO SRS Tx frequency hopping.

 
Figure 1: Illustration of SRS for positioning configuration within one SRS resource

Proposal 5: For RedCap UEs, consider the following enhancement on BWP configuration to support SRS for positioning frequency hopping:
· Define a virtual UL BWP which is outside of RedCap UE active BWP limitation and covers all SRS for positioning hops;

Note that a RedCap UE is required to retune its RF chain to transmit different SRS frequency hops, and hence, some random phase rotation between different hops will be introduced and will lead to performance degradation. Therefore, to mitigate the impact of phase discontinuity, partial overlapping in the frequency domain should be considered, as shown below.


Figure 2: Illustration of partial overlap between SRS for positioning frequency hops 

To achieve this, there are additional parameters should be considered on top of the frequency hopping pattern for MIMO SRS, including the number of overlapped PRB or PRB offset between two adjacent hops, the switching time gap between two adjacent hops.
Proposal 6: To support RS frequency hopping, the partial overlapping in the frequency domain should be considered to mitigate the phase discontinuity between different hops.
Proposal 7: To support RS frequency hopping, at least consider the following additional parameters on top of that supported for Rel-15 SRS resources:
· Number of overlapped PRB or PRB offset between two adjacent hops
· The switching time gap between two adjacent hops


4.2 Collision rule
In the last RAN1 meeting, the following agreement on collision rules for SRS Tx frequency hopping was reached:
	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


In our views, the following collision rule can be considered to determine the UE behaviour when the SRS resources for Tx frequency hopping collides with other UL/DL channels/signals. To be specific, considering the dynamic scheduling and Type 2 configured grant, a processing time T can be defined, e.g., up to UE capability or by specification, which is a time for UE preparation time for SRS for Tx frequency hopping transmission and BWP switching. In case that a DCI scheduling a DL/UL data before T and it collides with the SRS resources for Tx frequency hopping, the UE drops SRS for Tx frequency hopping; otherwise, UE ignores the scheduled UL/DL data. On the other hand, considering Type 1 configured grant scheduling, as regular SRS always have lower priority than other channels/signals, we prefer to reuse the rule and drop SRS for Tx frequency hopping when collision occurs.


Figure 3: Illustration of collision rules between SRS for Tx frequency hopping and other channels/signals.
Proposal 8: For RedCap UEs positioning transmitting the UL SRS with frequency hopping, support to define additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels:
· If SRS resources for Tx frequency hopping collides with a Type 1 configured grant of UL/DL channels/signals, UE drops SRS resources for Tx frequency hopping; 
· If a DCI scheduling a dynamic grant or Type 2 configured grant of UL/DL channels/signals arrives before T ahead of the first symbol of SRS resources for Tx frequency hopping, and collides with SRS resources for Tx frequency hopping, UE drops SRS resources for Tx frequency hopping; otherwise, UE drops the schedule UL/DL channels/signals;
· T is a preparation time for transmission of SRS resources for Tx frequency hopping and switching time.


Conclusions
In this contribution, we provide our views on RedCap UE positioning, and the following proposals are made:
Proposal 1: For DL Rx hopping or UL Tx hopping, 
· Support to report one [or more] measurement that is associated with a single received hop.
· No need to indicate how many / which hops are used to acquire the measurement
Proposal 2: For RedCap UEs, the PPW-based DL PRS measurement with Rx frequency hopping should be treated as low priority.
Proposal 3: It is up to RAN4 to define RRM requirements for UE performing DL PRS Rx frequency hopping using a measurement gap.
· A LS to RAN4 can be sent.
Proposal 4: Both intra-slot and inter-slot DL PRS Rx frequency hopping can be supported.
· No RAN1 specification enhancement is required.
Proposal 5: For RedCap UEs, consider the following enhancement on BWP configuration to support SRS for positioning frequency hopping:
· Define a virtual UL BWP which is outside of RedCap UE active BWP limitation and covers all SRS for positioning hops;
Proposal 6: To support RS frequency hopping, the partial overlapping in the frequency domain should be considered to mitigate the phase discontinuity between different hops.
Proposal 7: To support RS frequency hopping, at least consider the following additional parameters on top of that supported for Rel-15 SRS resources:
· Number of overlapped PRB or PRB offset between two adjacent hops
· The switching time gap between two adjacent hops
Proposal 8: For RedCap UEs positioning transmitting the UL SRS with frequency hopping, support to define additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels:
· If SRS resources for Tx frequency hopping collides with a Type 1 configured grant of UL/DL channels/signals, UE drops SRS resources for Tx frequency hopping; 
· If a DCI scheduling a dynamic grant or Type 2 configured grant of UL/DL channels/signals arrives before T ahead of the first symbol of SRS resources for Tx frequency hopping, and collides with SRS resources for Tx frequency hopping, UE drops SRS resources for Tx frequency hopping; otherwise, UE drops the schedule UL/DL channels/signals;
· T is a preparation time for transmission of SRS resources for Tx frequency hopping and switching time.
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