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Introduction
In RAN1#114 meeting, positioning item is officially finished and related CR is provided based on the agreements had been made. However, there are some of remained topics to fully reflect agreements to specification and to remove ambiguity of UE and/or gNB behaviour. In this contribution, we discuss remaining issues for supporting positioning for RedCap UEs.

Discussion 
In this section, SRS frequency hopping for positioning related topics are focused on for discussion. Especially, configuration of SRS for positioning with Tx frequency hopping (SRS-pos-FH), measurement reporting, UL time window (UTW), and collision handling rule without or outside UTW are discussed in each of sections.

Configuration of the hopping BW for SRS with Tx hopping 
	Working assumption #14b-01:
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:
-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).




	Agreement 
For SRS Tx hopping, the configuration parameters values are:
· For the starting RB of the first hop in time domain:
· Configuration re-uses the IE freqDomainShift
· The range is {0,268} RBs



In above working assumption, which has been agreed in the previous meeting, for configuring the wrapped staircase pattern, a new offset  is added and the initial frequency hop index  is introduced. The initial frequency hop index  which is required to indicate the hops wrapped around in the wrapped staircase hopping pattern could be explicitly configured by the gNB. Alternatively, an approach, referred to as Alt 2, was proposed, which does not configure  but derives it mathematically using other configurable parameters.
To comprehend Alt 2, let’s combine the formula for the replaced , representing the lowest frequency of the hopping pattern, and the formula for the initial frequency hop index ;
	




According to the above equation,  is smaller than , meaning that the lowest RB of the hopping pattern cannot be more than  RBs away from the reference point defined as the lowest RB provided by the agreed configuration. This imposes a limitation on configuring the hopping pattern. Particularly when multiple SRS-pos-FH resources are configured to the UE with different hop BW, SRS hopping with a smaller hop BW is restricted to only a partial range within the configured virtual BW due to this restriction, as illustrated in the following figure.

[image: ] Figure 1. Illustration of an example of Alt 2.
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Figure 2. Illustration of an example of Alt 1.

On the contrary, Alt 1 allows for the much more flexible configuration of multiple SRS-pos-FHs with various hop BW size regardless of the reference point's location. Therefore, Alt 1 might be more advantageous in efficiently multiplexing multiple UEs and potentially increasing resource utilization efficiency. Consequently, Alt 1 is preferred due to its potential advantages in these aspects.

Proposal 1: For the SRS for positioning with Tx hopping wrapping pattern, the frequency hop index of the initial hop should be configured with new parameter.

UL time window
0. SRS for positioning hopping cycle partially overlapping with UTW 
In previous RAN1#114bis meeting, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, the second note in the following is agreed accounting for it. 
	Agreement
The agreement below is updated by removing the bracket on “or outside” and adding one note.

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, support both of the following options 
· Option 1: UL time window where the UE is not expected to []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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without [or outside] UL time window (i.e. option 1)
· FFS: details on the collision rules
Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.
Note: UE is not expected to be configured with a SRS for positioning hopping cycle partially overlapping with UTW.



In the note, it is not clear whether the hopping cycle includes the retuning time before and after the SRS-pos-FH. However, if it is not included, there could be a case that even all of the SRS-Pos-FH is configured within a UTW, the time gap between those SRS-Pos-FH and other UL signal/channel is not guaranteed to exceed the retuning time. In other words, if the time interval between the SRS-Pos-FHs configured within the UTW and the other UL signal/channel transmission symbols is less than the retuning time, two different UE behaviour can be expected; 1) UE may transmit the other UL signal/channel and drop the SRS symbol transmission even within UTW, or 2) UE may drop the other UL signal/channel and transmit the SRS symbol. 
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[bookmark: _GoBack]Figure 3. Collision between the retuning time of SRS for positioning with Tx hopping and other UL signal/channel outside UTW.
It is our understanding that the second interpretation is aligned with the original intention to introduce UTW, i.e., the transmission of SRS-Pos-FH is protected, however the first interpretation seems more aligned to the agreement on UTW definition as described above. Anyhow, to remove ambiguity on the UE behaviour in such case, further discussion on whether to introduce a separate rule or define UE behaviour for each of cases may be required. Alternatively, considering the stage of the item, a simple way to address this is to decide SRS-pos-FH including the retuning time before and after shall not be partially overlapped with the UTW, which can be done by updating the above note as follows; 

Proposal 2: Support to update the agreement as following:
	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, support both of the following options 
· Option 1: UL time window where the UE is not expected to 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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without or outside UL time window (i.e. option 1)
· FFS: details on the collision rules
Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.
Note: UE is not expected to be configured with a SRS for positioning hopping cycle, including the retuning time required ahead of the first hop and after the last hop,  partially overlapping with UTW.



UTW configuration
Slot format of UTW
	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, support both of the following options 
· Option 1: UL time window where the UE is not expected to 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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without or outside UL time window (i.e. option 1)
· FFS: details on the collision rules
Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.
Note: UE is not expected to be configured with a SRS for positioning hopping cycle partially overlapping with UTW.



According to the agreements we have, the configuration details of the UTW should be discussed further, i.e., it is not clear whether the UTW can be configured in UL slots only or also in DL slots. If the UTW configuration includes DL slots, switching time between UL and DL matters. There can be case where the retuning time of SRS-pos-FH resource exceeds the UL slot boundary, and this would result in a situation where reception of other DL signals/channels is expected to be collide with the retuning time of SRS-pos-FH resource even it is configured within a UTW.
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Figure 4. Collision between the retuning time of SRS for positioning with Tx hopping and other DL signal/channel within UTW.
The problem of ambiguity in transmission of SRS-pos-FH within UTW due to retuning time overlapping a DL slot in UTW is similar to the problem mentioned in the previous section. In such case, possible UE behaviour is whether to receive the DL signal/channel and drop the SRS symbol, or do not receive the DL signal/channel and transmit the SRS symbol. However, neither of these behaviours is consistent with the intent of the current consensus. Therefore, a simple solution is to ensure that the UTW is configured within the UL slot, in conjunction with the proposal in Section 2.2.1. That is, if the UTW is configured within UL slot only and the RF retuning time is included within the UTW, UE behaviours considering cases described in the section is not required at all.

Proposal 3: A UE expects that UL time window is configured only within UL slot(s).

SCS of UTW
	Agreement 
With regards to the configuration of the UTW:
· the window parameters for periodicity and starting slot offset have the same candidate values as the periodicity and starting slot offset parameters for the SRS for positioning in the IE PeriodicityAndOffset 
· the duration of the window in slot is {1,2,4,6} slots



	Agreement 
The UTW configuration applies to all SRS for positioning with Tx hopping configurations in the serving cell.



In the previous meeting, UTW configuration has been agreed as above. Based on the agreement, while it was agreed that UTW would be configured at the slot level, there was no consensus on the SCS configuration of UTW. Given the considerations involving the operation of SRS-pos-FH, various approach to configure the SCS of UTW can be taken into account, and which SCS is applied to UTW determination shall be discussed further. According to the current definition of UTW, i.e. the UE is not expected to transmit other signals/channels, it implies that signals/channels directly affected by UTW are the data signals/channels transmitted on the active UL BWP. Considering this, configuring the slot length of UTW based on the SCS of the UL BWP appears to be the most reasonable approach. Furthermore, to prevent slot length of UTW from fluctuating due to active UL BWP switching, we propose to determine slot length of UTW with respect to the minimum SCS among the SCSs of all configured UL BWPs.

Observation 1: The current agreements do not provide definition regarding the SCS configuration of UTW.

Proposal 4: SCS of UTW is determined with respect to the minimum SCS among the SCSs of all configured UL BWPs.

Collision rule of UTW without SRS-pos-FH resource
	Proposal: 
Within a UTW, if no SRS is to be transmitted, other UL channels can be transmitted.



The above proposal was discussed in the previous meeting. If other UL signals/channels do not collide with SRS, there is no technical reason to prevent them from transmitting. Restricting this would introduce unnecessary uplink latency for the network and would impact on the UL scheduling flexibility of network since UTW is the time window all of the UL transmission other than SRS-pos-FH is restricted.

	Agreement 
SRS for positioning with Tx hopping can be configured to be periodic, aperiodic or semi-persistent
· The mechanism for aperiodic and semi-persistent SRS for positioning (DCI triggered and MAC-CE activation/deactivation, respectively) can be re-used
· For aperiodic SRS,
· The UE is configured with the slot offset for each hop, relative to the slot containing the DCI triggering the SRS for positioning with tx hopping
· Note: all the hops are within 32 slots from the DCI triggering the SRS for positioning with tx hopping



In addition, it has been agreed to support AP/SP SRS-pos-FH via MAC-CE and DCI triggering as described above.  However, it should be noted that only periodic UTW is supported in Rel-18. To guarantee not only periodic SRS-pos-FH transmission but also AP/SP SRS-pos-FH transmission, gNB needs to configure periodic UTW including even empty UL slot(s) where periodic SRS-pos-FH is not configured. Meanwhile, pre-configuring UTW where SRS-pos-FH may not be transmitted would waste the UL slot resource. Hence, it is worth to allow UE to transmit other UL signals/channels at slot(s) where actual transmission of SRS-pos-FH would not be performed.

Proposal 5: Within the UTW, UE can transmit other uplink transmission in slot(s) where no actual transmission of SRS-pos with frequency hopping is configured/indicated.

SRS for positioning with Tx hopping Timing Adjustments
For the TA adjustment as describe in TS 38.213, gNB indicates update of TA adjustment to UE via MAC-CE and from the time UE received, it is applied after certain period of time. For the certain period of time, it is counted by number of the slots using the minimum SCS among all configured UL BWP. The intention behind using the ‘minimum SCS among all configured UL BWP’, is to avoid the ambiguous situation of TA adjustment being indicated in the middle of a slot due to the difference of the SCS between active UL BWP and that used for the counting of the number of slots. In a nutshell, to ensure that applied time of the TA adjustment by UE is always slot boundary or start of the slot. 
Note that the slot where TA adjustment is applied can be even a slot where SRS-pos-FH transmission is configured. Hence potential issues on TA command procedure when SRS-pos-FH is configured shall be discussed.  Since the configuration including SCS of SRS-pos-FH is separate from the existing BWP configuration, one issue may come with the slot counting of TA command. Simply, it seems straight forward to apply the minimum SCS among the SCS(s) of SRS-pos-FH and the SCS(s) of all configured UL BWPs to be aligned with the intention of the legacy procedure, i.e., using the minimum SCS among all of the configured. This approach might useful to apply TA adjustment at a slot where gNB intend to.
However, it should be noted that even with aforementioned approach we still have remaining critical issues; there could be a case that TA is adjusted in the middle of SRS-pos-FH transmission. If TA adjustment is indicated in the middle of SRS-pos-FH transmission, some hops will be transmitted with changed transmission timing by the applying TA adjustment. Since the neighbour cell does not know the information about the TA command, when it receives and measures the SRS-pos-FH resource, the timing difference can cause a decrease in the accuracy of the measurement which is directly related to degradation of positioning accuracy performance.
Therefore, as a simple way to ensure the positioning accuracy performance by preventing such case, delaying the TA adjustment can be considered. To be specific, TA adjustment can be delayed to the slot after the last slot where the SRS-pos-FH resource is configured/indicated if a UE starts SRS-pos-FH transmission between a time of TA command reception and an indicated time of applying a corresponding adjustment. 

Proposal 6: If UE is indicated to apply an adjustment for the uplink transmission timing at a slot where SRS for positioning with Tx hopping is configured/indicated, the UE is expected to apply a corresponding adjustment for the uplink transmission timing at the slot after the slot in which last hop is configured.

Configuration of SRS for positioning with Tx hopping
	Agreement
SRS for positioning with Tx hopping can be configured outside of the active UL BWP
· The configuration may include SCS, CP size and bandwidth (position and size), which can use a SCS, CP size and bandwidth different from the UL active BWP



In the previous #114 meeting, there was the agreement regarding SRS-pos-FH configuration as mentioned above. Upon reviewing this agreement, it is necessary to seek clarification on whether the configuration including SCS, CP size and bandwidth (position and size) is common to multiple SRS-pos-FH resources, as it appears to be ambiguous. If each SRS-pos-FH resource can have different SCS, the UE complexity increases due to collision handling between SRS-pos-FH and other UL/DL signals/channels. When the serving gNB configures UTW, it becomes difficult to configure the UTW to encompass SRS-pos-FH resources, each with different SCS. Hence, from both the UE and gNB perspectives, it can be a simple solution to make the configuration including SCS, CP size, and BW position common to all configured SRS-pos-FH resources.

Proposal 7: Configuration of SRS for positioning with Tx hopping including SCS, CP size and reference point for bandwidth determination is common to all configured SRS for positioning with Tx hopping resource(s). 

Conclusion
Based on the above discussion, the following proposals and observations are provided.

Observation 1: The current agreements do not provide definition regarding the SCS configuration of UTW.

Proposal 1: For the SRS for positioning with Tx hopping wrapping pattern, the frequency hop index of the initial hop should be configured with new parameter.

Proposal 2: Support to update the agreement as following:
	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, support both of the following options 
· Option 1: UL time window where the UE is not expected to 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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without or outside UL time window (i.e. option 1)
· FFS: details on the collision rules
Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.
Note: UE is not expected to be configured with a SRS for positioning hopping cycle, including the retuning time required ahead of the first hop and after the last hop,  partially overlapping with UTW.



Proposal 3: A UE expects that UL time window is configured only within UL slot(s).

Proposal 4: SCS of UTW is determined with respect to the minimum SCS among the SCSs of all configured UL BWPs.

Proposal 5: Within the UTW, UE can transmit other uplink transmission in slot(s) where no actual transmission of SRS-pos with frequency hopping is configured/indicated.

Proposal 6: If UE is indicated to apply an adjustment for the uplink transmission timing at a slot where SRS for positioning with Tx hopping is configured/indicated, the UE is expected to apply a corresponding adjustment for the uplink transmission timing at the slot after the slot in which last hop is configured.

Proposal 7: Configuration of SRS for positioning with Tx hopping including SCS, CP size and reference point for bandwidth determination is common to all configured SRS for positioning with Tx hopping resource(s). 
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