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Introduction
[bookmark: Source][bookmark: DocumentFor]In RAN1#112-bis meeting [1], the discussion of positioning enhancement for RedCap UEs were focused on SRS frequency hopping, and also the granularity which the reported measurements were based. For UL SRS, the hops configured within a SRS resource for positioning were agreed, and both dedicated UL time window and priority definition were proposed to address the collision between SRS for hopping with other signals.
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured (select one alternative):
· Alt 1: within one SRS for positioning resource
· Alt 2: across resources, within one SRS for positioning resource set
· Alt 3: across resource sets, with all resources in a set corresponding to the same hop sub-bandwidth

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.

Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.

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

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.

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



For DL PRS, both Tx hopping and Rx hopping were proposed, and only Rx hopping was agreed as the start point for frequency hopping discussion in RAN1#112 meeting[2]. Based on this conclusion, switching gap in time domain between adjacent hops for DL PRS reception and UL SRS transmission was agreed to associate with the capability of the RedCap UEs, which should be determined by RAN4.

In this contribution, we will provide some considerations on frequency hopping configuration with measurement gap for both PRS and SRS and muting pattern configuration for positioning of RedCap UEs, and also the strategy to deal with the collision between SRS and other signals/channels.
Discussion
2.1   Hopping pattern configuration
In the last meeting, only Rx frequency hopping for DL PRS was agreed for the present stage of supporting positioning of RedCap UEs, due to the smaller standardization effort by reusing the wide band DL PRS of eMBB UEs for RedCap UEs in gNB. To realize Rx frequency hopping of RedCap UE, RF retuning with sufficient switching time between two adjacent hops was proposed, therefore legacy inter slot repetition scheme for PRS resource can be considered. Under these PRS configuration, some additional information indicated to RedCap UE specifically can be used to determine the Rx frequency hopping behavior. For example, when the number of repetitions is larger than the number of hops needed for Rx PRS frequency hopping, an indication is necessary to indicate which repetitions are used to receive by UE with a frequency hopping pattern. One of the solutions is using a bitmap, where the length of the bitmap is equal to the number of repetitions configured for PRS.
Proposal 1: Repetition scheme for PRS can be considered to realize DL PRS frequency hopping in Rx.
Proposal 2: Support an additional indication to indicate which repetitions will be received by UE as a frequency hopping pattern.
(A) Pattern in frequency domain
For frequency hopping, some additional aspects were considered together for the positioning performance. Such as influence introduced by phase offset between adjacent hops, time error or offset between adjacent hops, and UE speed. To reduce or eliminate the influences, more carefully design for frequency hopping pattern is needed. For example, to address the problem caused by phase offset, overlapped bandwidth between hops was evaluated, and the benefits was verified in [3] and [4]. Take the phase offset range between two adjacent hops is one kind of capability of RedCap UE into consideration, UE specific overlapped bandwidth is more sensible to maximum the benefits on positioning with frequency hopping.
Proposal 3: For frequency hopping of PRS or SRS, support configurable overlapped bandwidth between two adjacent hops to address the influence caused by phase offset between hops.
On one hand, as we discussed before, overlapped bandwidth is used to address the influence caused by phase offset between two adjacent hops. On the other hand, the distribution parameters of phase offset between hops for different RedCap UEs are diverse. That is to say, overlapped bandwidth isn’t a mandatory configuration for a given RedCap UE. For example, it’s unnecessary when the phase offset range is small for a RedCap UE with high capability. Therefore we can associate the presence of the overlapped bandwidth with the level or range of the phase offset. For example, if the maximum phase offset between hops of a RedCap UE is lower than a value, with which, positioning accuracy without overlapped bandwidth for frequency hopping still meets the requirement, then overlapped bandwidth configuration will be omitted for this RedCap UEs, and the spectral efficiency will be improved by making use of the overlapped bandwidth do some other things. 
Proposal 4: For frequency hopping of PRS or SRS, support presence of overlapped bandwidth between two adjacent hops associates with the level of phase offset between hops.
Proposal 5: To refine the overlapped bandwidth configuration among kinds of RedCap UEs, support RedCap UE reports the related parameters as a capability, such as level of phase offset between hops. 
After determining the presence of overlapped bandwidth based on level of phase error, size of the overlapped bandwidth should be determined further. And one solution is that the size of overlapped bandwidth is determined according to the channel state. Because, the phase error estimation accuracy of a PRS or SRS RE is improved with a high quality channel state when compared with a low quality channel state. Then, to achieve the same positioning accuracy for a channel with low quality, the number of PRS or SRS REs included in the overlapped bandwidth for phase error estimation can be reduced for a channel with high quality. That is to say, the overlapped size between adjacent hops for high quality channel should be smaller than that for low quality channel.
Proposal 6: For frequency hopping of PRS or SRS, support size of overlapped bandwidth between two adjacent hops is decided by channel quality.
(B) Pattern in time domain
By taking a hopping capability of a normal UE as a reference, time gap between two adjacent hops is needed for RedCap UE to perform the frequency hopping or combination of frequency hopping sub-bands. The minimum time is defined as 100 us too. Therefore, in order to meet the positioning accuracy requirement, more than one measurement period may be needed to contain sufficient hopping sub-bands for positioning. It accordingly causes a longer delay of the measurement determination and reporting. So an aspect needs to be considered further to trade-off between the accuracy and delay performance of positioning. Especially when the speed of UE is non-negligible.
In current PRS reception procedure [4], the UE is expected to measure the DL PRS resource outside the active DL BWP or with a numerology different from the numerology of the active DL BWP if the measurement is made during a configured measurement gap. As description in exist specifications, a periodicity and length can be configured for a measurement gap, while the minimum length is 1ms. And as a low complexity and low power consumption configuration, longer period and short length are typical settings for the measurement gap. However, the configuration leads to either high processing pressure for RedCap UEs on combining all the hops within a single measurement gap to ensure high positioning accuracy, or sacrifice the positioning accuracy to control the processing burden by combining hops across multiple measurement gaps. Hence, the relationship between hops and measurement gap should take both accuracy and RedCap UE’s capability into consideration. If the length of a measurement gap is sufficient to include all the hops under the capability of RedCap UEs, then multiple hops configured within a signal measurement gap is preferred for both the higher positioning accuracy and shorter time delay, otherwise, if the length of measurement gap can’t include all the hops, then more than one measurement gap is needed. Therefore, the number of hops included in a single measurement gap can be decided by the measurement gap configuration, and the PRS processing capability of RedCap UE.
Proposal 7: Whether all the frequency hops are included in a single measurement gap or multiple measurement gaps, is determined by the measurement gap configuration and the PRS processing capability of RedCap UE.
2.2   Muting pattern configuration for hops
Several sub-bands in different time domain and frequency domain resources are included in the pattern for frequency hopping, leading to a larger effective bandwidth for PRS transmission composed with these different resources in different sub-bands. However, the more sub-bands included, the higher probability that part of the effective bandwidth for PRS transmission from a cell is occupied temporarily by other cells.  Therefore, to utilize the frequency resources better and ensure a higher flexibility on resource allocation in frequency domain, a corresponding muting mechanism for disabling one or some of the frequency hopping sub-bands should be further studied.  
Proposal 8: For NR RedCap UEs, study the muting mechanism for frequency hopping sub-bands.
Take the granularity of muting pattern configuration for hops into consideration, there are three options listed as follow:
Option 1: Muting pattern is configured by considering all the hops as a whole , and it’s expected to be applied for all the hops, and legacy muting pattern configuration is used for PRS resource;
Option 2: A dedicated muting pattern is configured for all the hops, and an additional bitmap is used to indicate which hop is to be muted via the configured muting pattern;
Option 3: Muting pattern is configured per hops, and each hop applies the unique muting pattern separately, as shown in Figure 1. Two hops are illustrated in the figure, where muting pattern for each hop is shown in Table 1. It’s slightly preferred due to the flexibility on resource allocation.
Table 1: Muting pattern configuration for hops separately
	Hop index
	1
	2

	dl-PRS-MutingOption1
	{1,1,1,0}
	{1,0,1,0}

	dl-PRS-MutingOption2
	{1,1,0,1}
	{1,0,0,1}


[image: ]
Figure 1 Separate muting pattern for each hop (up: hop1, down: hop2)
Proposal 9: For NR RedCap UEs, separate muting options configured for each hop is slightly preferred due to the flexibility on resource allocation.
2.3   Collision handling for UL SRS
Two options were proposed in the last meeting for handling collisions between UL positioning SRS with frequency hopping and other UL signals/channels. To make sure all the hops of the UL positioning SRS\ can be transmitted at least one time within a given time duration, a dedicated UL time window similar as DL measurement gap is a good choice. The definition and configuration of the UL time window can also take those of the DL measurement gap as a start point, which includes period, offset, and length at least.
Proposal 10: Definition of DL measurement gap can be taken as a start point for UL time window definition, which includes period, offset and length at least.
Take the purpose of the UL time window into consideration, it’s reasonable to share some parameters between UL time window and DL measurement gap for positioning. For example, the period, which ensures same opportunities for DL PRS and UL positioning SRS transmission. As one solution with minimum influence on specifications, the period of UL time window can be implicitly indicated by the period of DL measurement gap for positioning, which can be the exactly value indicated by the period, or two times of the indicated value when both DL measurement gap and UL time window are activated to control the overhead introduced by the windows/gaps, just shown like the Figure 2, where the configured period is 80 ms. 


Figure 2 Same period for DL measurement gap and UL time window
Proposal 11: Support same period configuration for DL measurement gap and UL time window for positioning, and the period can be the indicated one or two times of the indicated one when both DL measurement gap and UL time window are configured or activated.
To decrease the overhead of UL time window further, two level offsets can be used to align the UL time window with the actual SRS location at least in slot level. One offset is configured as the legacy one of DL measurement gap, which is in terms of subframe, and indicates the start subframe of the UL time window. And another one is added to indicate the start slot of the UL time window within the start subframe. As shown in the following figure, K1 and K2 are the two offsets in unit of subframe and slot respectively. In addition, also the length of the window should be in terms of slot to ensure the second offset being valid for the spectral efficiency improvement.


Figure 3 Configuration parameters for UL time window
Proposal 12: Two level offsets can be considered to decrease the overhead of UL time window, where one offset is a legacy one in terms of subframe, and another one is in unit of slot with length in unit of slots simultaneously.
Define collision rules is also a solution when considering the additional overhead introduced by the UL time window reducing the spectral efficiency. As a realization, priority definition for different channels, different signals are necessary. For example, the priority of SRS with frequency hopping for positioning has lowest priority. When it’s collided with other signals/channels, the SRS with frequency hopping for positioning is expected to be dropped. And to maximize the effectiveness of hopping SRS, several dropping choices can be considered according to the number of symbols for the collided hop, the location of the collided hop, the measurement report configuration, or the overlapped bandwidth size configured for hopping pattern. For example:
1) If the number of collided symbols in the collided hop is less than a given value, then only the collided symbols need to be dropped, and the collided hop can be transmitted with the rest symbols too.
2) If the number of collided symbols is higher than a given value and the first hop are collided with other UL signals/channels, then the rest hops after the first one can still compose a continuous effective wide band. Hence, only the first collided hop should be dropped.
3) If the number of collided symbols is higher than a given value and the measurement report is configured to report the measurement based on single hop, then only the collided hop need to be dropped.
4) If the number of collided symbols is higher than a given value and size of the overlapped bandwidth is 0, which means the phase error among hops can be ignored, and combination can be operated directly, then only the collided hop need to be dropped.
5) If all the conditions referred cannot be met, then the collided hop and the rest hops should be dropped.
Proposal 13: Several dropping alternatives can be considered when dropping positioning SRS with frequency hopping is needed, which are:
Alt-1: Drop the collided symbols within the collided hops, the rest symbols within the collided hop and the rest hops are still transmitted.
Alt-2: Drop the collided hop, the rest hops are still transmitted.
Alt-3: Drop the collided hop and the rest hops after the collided hop.
Proposal 14: Support determining the dropping choice according to the number of symbols of the collided hop, the location of the collided hop, whether the measurement report is configured to base on signal hop, or the size of the overlapped bandwidth between two hops.
2.4 Others
To achieve the required accuracy of positioning for RedCap UEs, solutions other than frequency hopping is referred. Such as CPP, for which, evaluations with limited bandwidth can be used to preliminarily verify whether it is a possible solution. It can be further considered in the related AI if it works for RedCap UEs.
With the limited bandwidth, increasing the time length of the resource can be considered as another method to increase the positioning performance for RedCap UEs with low speed. For example, using a small SCS for PRS in the limited bandwidth, smaller than 15 kHz in FR1, ensures a sufficient time duration for energy accumulation, and increases the number of RS REs per symbol, which improves the positioning performance. Then the aspects on co-existence of different SCSs on a same BWP should be studied further, including the resource alignment. 
[bookmark: _GoBack]Proposal 15: Consider using small SCS to increase the positioning performance for RedCap UEs with low speed at least.
Conclusion
In this contribution, we share our considerations on positioning support for RedCap UEs, and the following proposals are made:

Proposal 1: Repetition scheme for PRS can be considered to realize DL PRS frequency hopping in Rx.
Proposal 2: Support an additional indication to indicate which repetitions will be received by UE as a frequency hopping pattern.
Proposal 3: For frequency hopping of PRS or SRS, support configurable overlapped bandwidth between two adjacent hops to address the influence caused by phase offset between hops.
Proposal 4: For frequency hopping of PRS or SRS, support presence of overlapped bandwidth between two adjacent hops associates with the level of phase offset between hops.
Proposal 5: To refine the overlapped bandwidth configuration among kinds of RedCap UEs, support RedCap UE reports the related parameters as a capability, such as level of phase offset between hops. 
Proposal 6: For frequency hopping of PRS or SRS, support size of overlapped bandwidth between two adjacent hops is decided by channel quality.
Proposal 7: Whether all the frequency hops are included in a single measurement gap or multiple measurement gaps, is determined by the measurement gap configuration and the PRS processing capability of RedCap UE.
Proposal 8: For NR RedCap UEs, study the muting mechanism for frequency hopping sub-bands.
Proposal 9: For NR RedCap UEs, separate muting options configured for each hop is slightly preferred due to the flexibility on resource allocation.
Proposal 10: Definition of DL measurement gap can be taken as a start point for UL time window definition, which includes period, offset and length at least.
Proposal 11: Support same period configuration for DL measurement gap and UL time window for positioning, and the period can be the indicated one or two times of the indicated one when both DL measurement gap and UL time window are configured or activated.
Proposal 12: Two level offsets can be considered to decrease the overhead of UL time window, where one offset is a legacy one in terms of subframe, and another one is in unit of slot with length in unit of slots simultaneously.
Proposal 13: Several dropping alternatives can be considered when dropping positioning SRS with frequency hopping is needed, which are:
Alt-1: Drop the collided symbols within the collided hops, the rest symbols within the collided hop and the rest hops are still transmitted.
Alt-2: Drop the collided hop, the rest hops are still transmitted.
Alt-3: Drop the collided hop and the rest hops after the collided hop.
Proposal 14: Support determining the dropping choice according to the number of symbols of the collided hop, the location of the collided hop, whether the measurement report is configured to base on signal hop, or the size of the overlapped bandwidth between two hops.
Proposal 15: Consider using small SCS to increase the positioning performance for RedCap UEs with low speed at least.
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