Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #112	R1-2301684
Athens, Greece, February 27 – March 3 2023
Agenda Item:	9.5.5
Source:	Ericsson
Title:	Positioning for RedCap UEs
Document for:	Discussion, Decision
Introduction
One Rel-18 work item on expanded and improved NR positioning has been approved in RAN#98 [1], and its objective on reduced capability (RedCap) positioning is 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 share our views on RedCap positioning in terms of the support of frequency hopping for reception of DL-PRS and transmission of UL SRS.

DL-PRS Frequency Hopping
Partially overlapped PRS frequency hopping across wide bandwidth is one attractive solution for RedCap UE to get similar high positioning accuracy as normal UE via accumulated wider bandwidth. In the existing PRS transmission supported by NR for normal UE, one PRS resource set includes one or more PRS resource(s) and each PRS resource is associated with one PRS resource ID which corresponds to one beam transmitted from one TRP. The potential solutions to reuse the existing wideband PRS transmission for narrowband PRS frequency hopping reception at the UE side include intra-slot PRS frequency hopping, inter-slot PRS frequency hopping and intra-slot plus inter-slot PRS frequency hopping.

Intra slot Rx PRS frequency hopping
Intra slot PRS frequency hopping using existing PRS configurations
In the intra-slot PRS frequency hopping, one RedCap UE scans whole wideband within one slot as show in Fig. 1. This solution is attractive when the UE is fast moving (low coherence time), or when measurement latency is a concern. To enable intra-slot PRS frequency hopping, UE needs to parse the whole wideband PRS quickly. In Fig.1-(a), the full bandwidth of a RedCap UE is at most 20MHz, meaning that at least 6 hops (accounting for overlap) are needed to capture the full FR1 bandwidth of 100MHz. Intra slot PRS frequency hopping requires good SNR condition, since each hop cannot occupy more than 1 symbol, as is the case for indoor scenarios. A short retuning time of at most 1 symbol is also required, in order to keep the whole hopping procedure within a slot. The PRS intra slot hopping for 6 hops is illustrated in Fig. 1.
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Figure 1 Examples for intra slot frequency hopping

[bookmark: _Toc127548930]Intra-slot PRS frequency hopping requires a short RF retuning time.
[bookmark: _Toc127548931]Intra-slot PRS frequency hopping is feasible for indoor scenarios from the SNR perspective.
To realize intra slot hopping, it is necessary for the UE to receive a copy of the PRS for each hop. We note that some of the PRS configurations include repetitions of the staggered patterns. For example, comb-2 12 symbols PRS contain 6 copies of the PRS patterns. For indoor scenarios, reception of only a single comb is enough to resolve the time of arrival, i.e. the UE does not require to receive all the resource element of the combed pattern.  This means that the UE could drop some of the PRS pattern symbols to retune.  Hence, the PRS hopping could be realized using comb-2 and hopping during every second symbol of the 12-symbol resource. 

[bookmark: _Toc127548932]Intra-slot PRS frequency hopping can be implemented for indoor scenarios with comb-2, 12 symbols PRS, assuming a retuning time less than 1 OFDM symbol. 

From the specification perspective, it is thus only necessary to evaluate/define short retuning time to enable intra slot frequency hopping. We thus propose to send an LS to RAN4 asking to evaluate the feasibility of 1 symbol or less retuning time. 

[bookmark: _Toc127517025]Send an LS to RAN4 asking for the feasibility of <1 OFDM symbol retuning time for the purpose of PRS frequency hopping. 
Intra slot PRS frequency hopping using enhanced PRS configurations
One issue with using PRS frequency hopping with existing configuration is that the applicable configuration requires to have a low comb offset. The current specification does not allow repetition patterns together with partial staggering.  Such configuration would make the deployment of frequency hopping for RedCap UEs much more efficient, and therefore, we propose to discuss the use of partially staggered PRS resources, for example 1 symbol and comb 12, as well as sub-slot repetitions.

Partially staggered PRS patterns are applicable at least for indoor positioning and would enable resource efficient repetitions compared to existing patterns.

[bookmark: _Toc127548933]Current repetition framework only support slot-level repetition
[bookmark: _Toc127517026]Support partially staggered PRS patterns
[bookmark: _Toc127517027]Support sub-slot (symbol) level repetitions
Inter slot Rx PRS frequency hopping
In the inter-slot PRS frequency hopping, one RedCap UE scans whole wideband within multiple slots and one hop covers one or more slots as shown in Fig. 2. This kind of PRS transmission and reception is good for deep coverage (i.e. if the network signal is weak for some target UEs).  Inter slot frequency hopping can be realised using the PRS repetition framework, by configuring sufficient repetitions to cover the number of required hops for the UE.  The specification impact is only to define the requirement for UEs using the repetition for hopping based on its retuning time and overlap need, which is a RAN4 issue. 

[bookmark: _Toc127517028]Inter slot PRS frequency hopping can be implemented without RAN1 specification impact
[bookmark: _Toc127517029]Send an LS to RAN4 informing that from the RAN1 perspective, inter slot PRS hopping is feasible and asking to define the requirement(s) for redcap UEs using PRS repetition for frequency hopping.
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Figure 2 Example for inter-slot PRS frequency hopping
Support of Tx frequency hopping across PRS resources
In the current framework, repetitions are supported within a PRS resource. PRS frequency hopping could be implemented by combining multiple resources. This would allow efficient use of resources by supporting Tx frequency hopping.  The UE would need to be supplied with a list of resources to be used in a single measurement, and these resources should be subject to conditions at the transmitter, e.g. transmitted with the same beam.

[bookmark: _Toc127517030]Frequency hopping across PRS resources can be FFS including
i. [bookmark: _Toc127517031]How to link PRS resources in assistance data
ii. [bookmark: _Toc127517032]Tx conditions for the linked resources
Intra+Inter slot PRS frequency hopping
In the intra-slot plus inter-slot PRS frequency hopping, one RedCap UE scans whole wideband over more slots and one slot may include more hops as shown in Fig. 3. This kind of PRS transmission and reception is useful when the available repetition number of one PRS resource is more than 1 but less than the number of PRS frequency hops.
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Figure 3 Example for intra-slot plus inter-slot PRS frequency hopping  

According to the analysis above, the existing PRS configuration in NR Rel-17 can be reused to support PRS frequency hopping in RedCap positioning.

[bookmark: _Toc127517033]The wideband PRS transmission from network for normal NR UEs can be reused by RedCap UEs for positioning purpose with PRS-frequency-hopping reception at the UE side.
UL-SRS Frequency Hopping
RF retuning
For partially overlapped SRS frequency hopping, the RedCap UE needs to retune its center frequency to different parts of the cell PRB grid. However, there is a time delay for the RedCap UE to tune its transceiver and baseband to prepare the transmission. In [14], there are some ranges of the time factor:

· How fast is the UE RF bandwidth adaptation?
· Transition time (RF aspects)
· For intra-band operation, at least for sub6, the transition time can be up to 20 µs if the center frequency is the same before and after the bandwidth adaptation, regardless other conditions listed in the LS
· For intra-band operation, at least for sub6, the transition time is 50~200 µs if the center frequency is different before and after the bandwidth adaptation, regardless other conditions listed in the LS
· For inter-band operation, at least for sub6, the transition time can be up to 900 µs, regardless the conditions listed in the LS. RAN1 should note that this time does not include AGC settling time which is covered in baseband aspects.
· Transition time (baseband aspects)
· For single-carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time and the waiting time for slot boundary alignment if DL signal from the same cell is assumed before and after the bandwidth adaptation
· For multiple-carrier operation, the total transition time includes the processing time of the bandwidth adaptation signaling, RF transition time, the waiting time for slot boundary alignment and the waiting time for reference signals for AGC settling
· It’s difficult for RAN4 to conclude quantitative values now because it highly depends on the bandwidth adaptation design as well as the final physical design of e.g. reference signals.

The above answer from RAN4 gives a time factor for a RedCap UE to retune from one center frequency to another center frequency and such time factor is in a range of the 50us to 200 us for RF transition time. On top of this, in 38.133, the tuning delay from one BWP to another is specified below:
Table 8.6A.2-1: BWP switch delay
	
	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	 
	(ms)
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:Depends on UE capability.
Note 2:If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



If the RedCap UE for UL SRS frequency hopping would follow the BWP switching mechanism, the BWP switching delay needs to be followed. UE is not expected to transmit during the T_BwpswitchDelay and frequency hopping for RedCap UE can only be configured inter-slot wise. However, the BWP switching delay may considering the delay of PDCCH/RRC message processing, SCS configuration change between BWP switching, it could be discussed that whether some of the BWP parameters could be fixed for frequency hopping and thus the BWP switching delay could be reduced. In 38.133, additional RRC processing delay would be required (clause 8.6.3 in TS 38.133) on top of Table 8.6.2-1 BWP switching delay. For discussion purpose, the BWP related parameter is listed below and for UL SRS transmission for frequency hopping, there is no need to change SCS and cyclic prefix. 

For each DL BWP or UL BWP in a set of DL BWPs or UL BWPs, respectively, the UE is provided the following parameters for the serving cell as defined in [4, TS 38.211] or [6, TS 38.214]:
-	a SCS by subcarrierSpacing
-	a cyclic prefix by cyclicPrefix
-	a common RB  and a number of contiguous RBs  provided by locationAndBandwidth that indicates an offset  and a length  as RIV according to [6, TS 38.214], setting , and a value  provided by offsetToCarrier for the subcarrierSpacing
-	an index in the set of DL BWPs or UL BWPs by respective BWP-Id
-	a set of BWP-common and a set of BWP-dedicated parameters by BWP-DownlinkCommon and BWP-DownlinkDedicated for the DL BWP, or BWP-UplinkCommon and BWP-UplinkDedicated for the UL BWP [12, TS 38.331]
[bookmark: _Toc127548934]BWP switching delay may be reduced if some of parameters for BWP configuration could be fixed and pre-known by RedCap UE for frequency hopping.

If following the legacy BWP framework, it is not allowed the BWP be configured larger than the UE CC BW. However, in LTE, a cat-M UE with 6 PRB RF bandwidth can be configured within a wider cell BW, e.g 20MHz. It leaves another option of the discussion whether it would be allowed for a RedCap UE to be configured with a “wider” BWP than its RF bandwidth for frequency hopping only. In this case, the RF tuning time could be discussed within a BWP and thus it could be possible to use one or at most two symbols time to tuning from one center frequency to another. For discussion purpose, the BL/CE UE RF tuning time is quoted below for clause 5.2.5 in TS 36.211:


For BL/CE UEs, a guard period of at most  SC-FDMA symbols is created for Tx-to-Tx frequency retuning between two consecutive subframes. 

If the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUSCH, or if the UE retunes from a first narrowband carrying PUCCH to a second narrowband carrying PUCCH,

-	if , a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first subframe;

-	if , a guard period is created by the UE not transmitting the last SC-FDMA symbol in the first subframe and the first SC-FDMA symbol in the second subframe.

[bookmark: _Toc127548935]The BL/CE UE need 1 or 2 symbol guard period to Re-tune from one center frequency to another center frequency within a cell BW.
It can be observed that the tuning time needed for BL/CE UE is much less than the BWP switching delay and as the frequency hopping for RedCap UE resembles the case of Tx-Tx frequency retuning, the similar time delay could be expected when a RedCap UE retunes frequency for a hop. 

Based on above discussion, we think there is a need to discuss the re-tuning time for the frequency hop for a RedCap with below two options:

· Option 1: BWP switching time when some BWP parameters are fixed and others are preknown to UE.
· Option 2: RF tuning time if RedCap could be configured with a wider BWP than its CC BW.

[bookmark: _Toc127517034]Discuss the RF tuning time based on above two options.
i. [bookmark: _Toc127517035]Send an LS to RAN4 on the two options. 
Resource allocationfor Tx bandwidth hopping

SRS bandwidth hopping via BWP switching
The simplest way to implement Tx bandwidth hopping is to re-use the BWP switching framework, and configure/reconfigure multiple BWPs as illustrated in the figure below:

[image: ]
Figure 4 SRS frequency hopping via more BWPs
 
The advantage of re-using the BWP switching framework is that it would allow the support of SRS bandwidth hopping with relatively low specification impact. However, the total time for hopping will be constrained by the switching capability of the UEs. The current existing retuning time and switching delays put the gap between hops between up to 1ms and 3ms for 15kHz SCS. This means that to span a 100MHz bandwidth with 6 20MHz hops (accounting for overlap) could require between 11ms and 19ms. For some use cases with low mobility UEs (e.g. asset tracking in a factory), such solution may be applicable and with low specification impact. 

[bookmark: _Toc127548936]The use of BWP switching to implement SRS bandwidth hopping is condition to channel coherence time compatible with the total BWP switching time across all hops.  
Currently the BWP switching can be only trigged with below mechanisms:

· By PDCCH (i.e, DCI) : A specific BWP can be activated by Bandwidth part indicator in DCI Format 0_1 (a UL Grant)
· By the bwp-InactivityTimer : 
· By RRC signalling
· By the MAC entity itself upon initiation of Random Access procedure  

The RRC and MAC entity could be used for frequency hopping and with some modification on parameters, each frequency hop could be associated with different BWPs. There are at most 4 UL BWPs configured for RedCap UE in this case. As discussed in RF retuning section, there is also an option that a RedCap UE could be configured with a wider BWP than its CC BW as one exception case for UL SRS frequency hopping only. In such a case, new parameter could be defined to be associated the RB allocation for each frequency hop. 

As for paired spectrum, the DL and UL BWP could be configured and switched separately. For UL SRS frequency hopping, the frequency hopping configuration can be focused on UL BWP only. For unpaired spectrum, the DL and UL BWP are linked and switched together. As it requires a CSS configured also, it would mean both DL and UL BWP should be configured for unpaired spectrum.

[bookmark: _Hlk535002764]For each DL BWP in a set of DL BWPs of the PCell, a UE can be configured CORESETs for every type of CSS sets and for USS as described in clause 10.1. The UE does not expect to be configured without a CSS set on the PCell in the active DL BWP.

[bookmark: _Toc127548937]Frequency hopping configuration may be different for paired spectrum and unpaired spectrum.
When a RedCap is configured with a frequency hopping pattern, network would need to reserve the resource accordingly, to reduce the scheduler complexity, the frequency hops duration should be kept short taking account the overhead of frequency retuning. However, a RedCap UE needs to be synchronized to the DL and keep track of the cell timing. This is because during the frequency hop for each SRS transmission, UE still needs to meet the 0.1ppm frequency error requirement and also maintains the timing of Uplink frame boundary without new update on the time advance for each hop. For the paired spectrum, if there is no change on DL BWP, UE can keep tracking with cell timing. For the unpaird spectrum, as DL and UL BWP is switched together and if there is no CSI-RS or SSB with the DL BWP which RedCap switched to, UE may lose the cell timing. To consider this, an additional time gap may be needed between the frequency hops for UE to re-sync to the cell timing for an unpaired spectrum. This may apply to a RedCap operating at HD-FDD mode also. 

[bookmark: _Toc127548938]An additional time gap may be needed for RedCap to re-sync to cell timing between the frequency hops. 
Virtual wide bandwidth
As previously discussed, the use of the BWP switching mechanism may be too slow to efficiently transmit a wideband SRS wider than the RedCap UE RF capability.  Therefore, we propose to consider a special configuration of the SRS for positioning, with the total bandwidth over all hops exceed the bandwidth of the UL BWP.  When the UE is transmitting the SRS for positioning with bandwidth hopping, it is thus operating outside of the BWP framework, and specific parameters to the SRS with bandwidth hopping must be used, independently from the configured BWP bandwidth. Therefore, we propose that when UL SRS for positioning is transmitted with tx bandwidth hopping in a slot, the other UL transmissions should follow some pre-established collision rules and either be suspended, or UL SRS should be dropped. 

[bookmark: _Toc127517036]When the SRS for positioning is using Tx bandwidth hopping, the active BWP bandwidth does not apply during transmission of the hops outside of the BWP. 
[bookmark: _Toc127517037]The UE is not expected to transmit other UL signals in the same slot as the one used by a SRS with Tx bandwidth hopping while the UE is hopping outside of the active BWP bandwidth. 
ii. [bookmark: _Toc127517038]FFS: collision rules to prioritize SRS or other transmissions. 
Similar to DL-PRS frequency hopping, partially overlapped SRS frequency hopping across wide bandwidth is also one attractive solution for RedCap UE to get similar high positioning accuracy as normal UE via accumulated wider bandwidth in UL. In the existing SRS transmission in NR for positioning, one UE can be configured with one or more SRS resource sets and/or one or more positioning SRS resource sets, where each SRS resource set includes one or more SRS resource(s) and each positioning SRS resource set includes one or more positioning SRS resource(s). One or more measurement results (e.g. UL RTOA and gNB Rx-Tx time difference) from gNB to LMF can be associated with one SRS resource set ID and one SRS resource ID or can be associated with one positioning SRS resource set ID and one positioning SRS resource ID [12]. So, it is expected that partially overlapped SRS frequency hopping is supported in one (positioning) SRS resource. 

[bookmark: _Toc127517039]Partially overlapped SRS frequency hopping needs to be supported in one (positioning) SRS resource.

In the existing solutions in NR, one SRS resource already can support SRS frequency hopping within one BWP as shown in Fig. 5, where the repetition factor in Fig. 5-(a) is 1 and the repetition factor in Fig. 5-(b) is 2. However, in the existing SRS frequency hopping patterns, two adjacent hops do not overlap in frequency domain. Moreover, frequency hopping is not supported at all for the SRS for positioning. Therefore, enhancements to support partially overlapped SRS frequency hopping in one SRS resource or in one positioning SRS resource need to be specified.

[image: ]    [image: ]          
                     (a)  Repetition factor = 1             (b) Repetition factor = 2
Figure 5 Examples of intra-slot SRS frequency hopping in one SRS resource

One potential solution to specify support partially overlapped SRS frequency hopping configuration by extending the SRS configuration to include bandwidth tx hopping parameters, including:
- Virtual wide bandwidth, wider than the redcap RF bandwidth. indicates the target wide bandwidth for SRS frequency hopping, e.g. 100MHz in FR1. 
- Overlap offset. This is the number of overlapped RBs of two adjacent hops, common for all the hops, as shown in figure 6a.
- Time gap, indicates the number of symbols between two adjacent hops for RF retuning as shown in Fig. 6b
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      (a)  One overlap offset indication                   (b) One list of overlap offsets indication
Figure 6 Intra-slot SRS frequency hopping via overlap offset indication


Alternatively, instead of configuring the overlap offset, the partially overlapped SRS frequency hopping also can be configured via more RF carrier frequencies and each RF carrier frequency indicates the start RB of one hop, or can be configured via more frequency offsets and each frequency offset indicates the start RB of one hop compared to the start RB of the first hop. This solution does not require the change of other BWP parameters.

[image: Chart, histogram
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Figure 7 Intra-slot SRS frequency hopping via more RF carrier frequencies
 
In our view, the simplest way to implement bandwidth hopping is to specify the targeted full bandwidth after hopping, the gap between each hops and the overlap, as shown in Fig. 6. Therefore, we propose the following:

[bookmark: _Toc127517040]SRS for positioning Tx bandwidth hopping is supported for Redcap UEs, by extending the SRS configuration with at least
iii. [bookmark: _Toc127517041] The total BW to be covered over all hops
iv. [bookmark: _Toc127517042]The gap (in symbols) between each hops
v. [bookmark: _Toc127517043]The overlap between hops
1. [bookmark: _Toc127517044]FFS: whether the overlap is common for all hops or specific for each hop.

Should coverage be an issue, BW hopping should also support repetitions. Regarding the repetition for partially overlapped SRS frequency hopping, one new repetition number can be introduced in the configuration for this new SRS frequency hopping pattern. The repetition pattern could operate by either “hop first, then repeat” as shown in figure 8-a or “repeat, then hop” as shown in figure 8-b. in the former, this repetition number can indicate the number of SRS frequency hopping where each hop has one symbol in one SRS frequency hopping as shown in Fig. 8-(a). in the latter, the repetition number can be utilized to indicate the number of symbols in one SRS hop as shown in Fig. 8-(b).  

It should be noted that support of both frequency hopping and repetition will imply that SRS hopping will in all likelihood be done over multiple slots. In order to avoid phase discontinuity issues, the transmission should not be mixed with any other UL transmission, and therefore all slots involved should be dedicated to the UL SRS for bandwidth hopping. 

[bookmark: _Toc127548939]All slots involved in BW hopping should not include other transmission than the UL SRS for BW hopping. 
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(a) Repetition number is the number of SRS frequency hopping
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(b) Repetition number is the number of symbols in one SRS hop
Figure 8 Repetition number definition in partially overlapped SRS frequency hopping
   
[bookmark: _Toc127517045]A new repetition number can be introduced to indicate the number of SRS frequency hopping where each hop has one symbol in one SRS frequency hopping, or to indicate the number of symbols in one SRS hop, if partially overlapped SRS frequency hopping is configured.
Phase Error
There are several factors contributing the phase errors between two adjacent frequency hops, namely, the PLL retuning phase error, the phase error caused by timing error and the phase error caused by UE Tx gain change. The previous two factors may have been considered but the last one is not discussed in study phase. As the phase error derived by using the overlapped resources should apply to other non-overlapped resource so the basic assumption is that the phase error caused by these factors should be consistent over the transmitted bandwidth. Such assumption is valid for the phase error caused by PLL retuning as it is the same across transmission bandwidth. For phase error caused by timing error, this assumption still be fine as the timing error translates to frequency dependent phase error. However, for phase error caused by Tx gain change, the assumption may not hold as phase response for a Tx chain is not flat over frequency and thus there will be residue phase error. For example, one company PA measurement results show there is a difference of 5 to 13 degree for single PA over 20MHz for a 850 MHz band when power transition from one mode to another. If 5 degree is compensated over the whole 20MHz, there could be as high as 8-degree residual error and in the worst case, such error is accumulated for different hops. Therefore, the phase error caused by Tx gain change will add as phase error which cannot be compensated for. The Tx power change setting between different hops may cause the Tx gain change and such power change may result from the different MPR because of the different RB allocation within the cell channel bandwidth or may result from the different pathloss estimation over different transmission occasions. 

Observation 1 The change of UE transmit power between different hops may cause the Tx gain change which introduces additional phase error.

To mitigate the phase error between different hops due to the changed UE transmit gain, one potential solution is that the UE uses same or similar transmission power for different hops during UL SRS frequency hopping. For example, the UE can keep its transmit gain within the SRS frequency hopping duration via using the same pathloss estimation for its UL SRS transmission power setting in each hop. The pathloss estimation is linked to the filtered RSRP estimation defined in TS 38.215, there is a benefit on mitigation of the additional phase error caused by UL Tx power fluctuation if the pathloss estimation is kept the same for each hop. This is because in RAN4 TS 38.101-1, the tolerance of the open loop power control is quite big (clause 6.3.4.2). For each hop, it is assumed to be open loop power control.

6.3.4.2 Absolute power tolerance
The absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame (1 ms) at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20 ms. The tolerance includes the channel estimation error.
The minimum requirement specified in Table 6.3.4.2-1 apply in the power range bounded by the minimum output power as specified in clause 6.3.1 and the maximum output power as specified in clause 6.2.1.
Table 6.3.4.2-1: Absolute power tolerance
	Conditions
	Tolerance

	Normal
	± 9.0 dB




      
[bookmark: _Toc127517046]UE uses same pathloss estimation for SRS transmission during one SRS frequency hopping duration if uplink power control is configured.
Collision with PUSCH/PUCCH
In the existing solutions in NR, if a PUSCH with a priority index 0 and SRS configured by SRS-Resource are transmitted in the same slot on a serving cell, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS; and if a PUSCH transmission with a priority index 1 or a PUCCH transmission with a priority index 1 would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s) [13].

For partially overlapped SRS frequency hopping in RedCap positioning, if one hop in one SRS frequency hopping is dropped due to the collision with high-priority PUSCH/PUCCH, then the network only can use the hops before the dropped hop, since once a PUSCH/PUCCH is transmitted, phase continuity with the previous hops of the SRS cannot be guaranteed. 

[image: ]
(a) Fixed active BWP
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(b) Changed active BWP 
Figure 9 Collision between SRS and PUSCH  


[bookmark: _Toc127517047]If the SRS for positioning with BW hopping collides with a high priority PUSCH/PUCCH, the colliding slot(s) and the remaining SRS slot(s) in the hopping sequence are dropped.
[bookmark: _Toc68614629][bookmark: _Toc68614630][bookmark: _Toc68614651]Conclusion
In the previous sections we made the following observations: 
Observation 1	Intra-slot PRS frequency hopping requires a short RF retuning time.
Observation 2	Intra-slot PRS frequency hopping is feasible for indoor scenarios from the SNR perspective.
Observation 3	Intra-slot PRS frequency hopping can be implemented for indoor scenarios with comb-2, 12 symbols PRS, assuming a retuning time less than 1 OFDM symbol.
Observation 4	Current repetition framework only support slot-level repetition
Observation 5	BWP switching delay may be reduced if some of parameters for BWP configuration could be fixed and pre-known by RedCap UE for frequency hopping.
Observation 6	The BL/CE UE need 1 or 2 symbol guard period to Re-tune from one center frequency to another center frequency within a cell BW.
Observation 7	The use of BWP switching to implement SRS bandwidth hopping is condition to channel coherence time compatible with the total BWP switching time across all hops.
Observation 8	Frequency hopping configuration may be different for paired spectrum and unpaired spectrum.
Observation 9	An additional time gap may be needed for RedCap to re-sync to cell timing between the frequency hops.
Observation 10	All slots involved in BW hopping should not include other transmission than the UL SRS for BW hopping.

In this contribution, we share our observations and proposals below for RedCap positioning.
Proposal 1	Send an LS to RAN4 asking for the feasibility of <1 OFDM symbol retuning time for the purpose of PRS frequency hopping.
Proposal 2	Support partially staggered PRS patterns
Proposal 3	Support sub-slot (symbol) level repetitions
Proposal 4	Inter slot PRS frequency hopping can be implemented without RAN1 specification impact
Proposal 5	Send an LS to RAN4 informing that from the RAN1 perspective, inter slot PRS hopping is feasible and asking to define the requirement(s) for redcap UEs using PRS repetition for frequency hopping.
Proposal 6	Frequency hopping across PRS resources can be FFS including
i.	How to link PRS resources in assistance data
ii.	Tx conditions for the linked resources
Proposal 7	The wideband PRS transmission from network for normal NR UEs can be reused by RedCap UEs for positioning purpose with PRS-frequency-hopping reception at the UE side.
Proposal 8	Discuss the RF tuning time based on above two options.
i.	Send an LS to RAN4 on the two options.
Proposal 9	When the SRS for positioning is using Tx bandwidth hopping, the active BWP bandwidth does not apply during transmission of the hops outside of the BWP.
Proposal 10	The UE is not expected to transmit other UL signals in the same slot as the one used by a SRS with Tx bandwidth hopping while the UE is hopping outside of the active BWP bandwidth.
i.	FFS: collision rules to prioritize SRS or other transmissions.
Proposal 11	Partially overlapped SRS frequency hopping needs to be supported in one (positioning) SRS resource.
Proposal 12	SRS for positioning Tx bandwidth hopping is supported for Redcap UEs, by extending the SRS configuration with at least
i.	The total BW to be covered over all hops
ii.	The gap (in symbols) between each hops
iii.	The overlap between hops
1.	FFS: whether the overlap is common for all hops or specific for each hop.
Proposal 13	A new repetition number can be introduced to indicate the number of SRS frequency hopping where each hop has one symbol in one SRS frequency hopping, or to indicate the number of symbols in one SRS hop, if partially overlapped SRS frequency hopping is configured.
Proposal 14	UE uses same pathloss estimation for SRS transmission during one SRS frequency hopping duration.
Proposal 15	If the SRS for positioning with BW hopping collides with a high priority PUSCH/PUCCH, the colliding slot(s) and the remaining SRS slot(s) in the hopping sequence are dropped.
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