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Introduction
[bookmark: Source][bookmark: DocumentFor]In RAN1#114-bis meeting [1], the discussions and agreements of positioning for RedCap UEs included configurable value set of parameters for UL hopping SRS, the behavior definition for two options to handle collision between UL hopping SRS and other UL and DL signals/channels, while the hopping pattern definition for determining the start position in frequency domain of each hop was achieved a working assumption.
	Agreement
For SRS Tx hopping, the configuration parameters values are:
· For the hop bandwidth common to all hops
· Configuration re-uses C_SRS
· The values of C_SRS in legacy SRS for positioning such that the maximum bandwidth is: 104 PRBs, 48 PRBs, 132 PRBs, 64 PRBs, for 15,30,60,120 KHz respectively when B_SRS equal 0. 
· For the starting RB of the first hop in time domain:
· Configuration re-uses the IE freqDomainShift
· The range is {0,268} RBs
· For the single overlap common to all hops for the SRS resource
· The value can be 0,1,2,4 RBs
· Note: This is a new IE 
· For the starting slot offset and starting symbol for the SRS resource with tx hopping (first hop in time)
· The value range is {0,1,2…, nrof slot in periodicity} in slots for the slot offset
· Note: this is for the periodic [and semi-persistent] SRS
· Starting symbol: {0,1,2,…13} in symbol
· Starting slot reuses the SRS-PeriodicityAndOffset IE
· Starting symbol reuses the starting position startPosition in the IE resourceMapping
· The starting slot offset and symbol for each of the hops following the first hop in time, 
· FFS: The value range is {0,1,2…, nrof slot in periodicity} in slots for the slot offset
· Note: this is for the periodic [and semi-persistent] SRS
· Starting symbol: {0,1,2,…13} in symbol 
· this is a new IE
· The number of consecutive symbols in a hop common to all hops
· Values are 1,2,4,8 and 12 symbols
· Configuration re-uses the IE nrofsymbols in resourcemapping
· The number of hops 
· Values are 2,3,4,5,6 
· This is a new IE 


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:
-  is the frequency hop index of the initial hop. 
- FFS whether this is signaled as a new parameter.
-  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).
In the definition of the starting PRB of the SRS , the starting PRB is configured as:
· In k0,  nshift is replaced by startingPRBfirsthop - n0*( –)* 

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

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.

Agreement
For DL PRS Rx hopping, support the LMF to include an explicit request for DL PRS Rx hopping measurements and reporting in the location request signaling. 
The location information request can also optionally include the total bandwidth of all hops.

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
For the collision rules of the SRS with Tx hopping (option2)
· If the SRS symbol(s), including the retuning time to/from the active BWP, collides with PUSCH or PUCCH, when UE determines that SRS with Tx hopping is to be dropped, the colliding SRS symbol(s) are dropped.
· FFS: timeline for determination of colliding channels/signals
· FFS: collisions with MIMO SRS

Agreement
TP 2.2-1 in section 2.2.1 of R1-2310430 is endorsed for TS 38.214 clause 5.1.6.5.

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:
-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
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 this contribution, we will provide some considerations on determination the start point in frequency domain for each hop, within the effective bandwidth configured for hopping SRS.  In addition, the rules of option 2 for collision handling will be clarified based on the agreements achieved in the last meeting.
Discussion
2.1   Overlap size between hops
In the last meeting, value set included 0 was agreed for overlap bandwidth configuration. And as shown in the previous evaluated positioning performance, we known that performance gain provided by overlap bandwidth only exists when the phase offset is large enough. Then we can conclude that it’s unnecessary when the phase offset is too small to introduce non-negligible influence on positioning for a RedCap UE with high capability. So it’s reasonable to associate size of the overlapped bandwidth with the level or the phase offset’s range of the UE. Hence, the configuration will be more effective if a related capability is reported before the configuration, such as the reported maximum phase offset, the reported distribution parameters of phase offset, the reported average phase offset during a given period.
Proposal 1: For frequency hopping of positioning RS, support UE reporting the capability related to the phase offset to facilitate the overlap size’s configuration.
Two alternatives were discussed for determining the start point in frequency domain for each hop. To reduce the payload of signalling due to introduce a new parameter for hopping pattern configuration, Alt-2 is preferred. Based on Alt-2, the start point configured for the first hop is re-determined to align with A*() from the lower boundary of the whole bandwidth, wherein A is an integer. 
Proposal 2: Support Alt-2 for determining the start point in frequency domain for each hop in the working assumption.
As the agreement in RAN1#114 meeting shown [2], the bandwidth of SRS hops of one cycle was agreed to be configured independently with the activate BWP, which also define the location of bandwidth, and in our understanding, it means both the lowest frequency point and the highest frequency point for all the hops are indicated. Then under the configured start point of the first hop, common overlap size between two hops, and common bandwidth for each hop, there may be one or two hops span across boundary of the whole bandwidth or configured bandwidth of a cycle, as shown in the following figure without and with wrapping.


Figure 1 Hop(s) span(s) across whole bandwidth boundary
N hops (N=6) with bandwidth being  for each hop, overlap size being  are shown in the figure, wherein,  and  are the start point and end point for the configured bandwidth of a cycle respectively,  is the start point of the first hop. Because of the bandwidth derived directly according to  is larger than the configured bandwidth, i.e. , there are hops span across the boundary.
Observation 1: With configured overlap size, bandwidth for each hop, and start point of the first hop, there may be one or two hops across boundary of the configured bandwidth of a cycle for hopping SRS.
To address this problem, behaviour for determining the pattern by considering hops across boundary should be defined. And one solution is keeping size of all the hops to be a same value to avoid the complexity introduced by switching bandwidth size between hops. Then shifting the hop which span across the boundary to limit all the hops of a cycle within the configured bandwidth  is proposed. Then special overlap sizes are introduced for the last hop or the hop across bandwidth boundary, as demonstrated in Figure 2, which are  between hop 5 and hop 6 in the left sub-figure without wrapping, and  between hop 2 and hop 3 in the right sub-figure with wrapping respectively. And the special overlap size is larger than the configured one with a difference value equal to the bandwidth size of the hop outside of the boundary. Therefore, a special start point for the last hop or the hop across bandwidth boundary should be considered. For example, the start point for the hop across bandwidth boundary should take the boundary into consideration, such as , wherein  is determined by Alt-2 in working assumption.
Proposal 3: Support special handling for determining the start point in frequency domain for the hop across bandwidth boundary, and  can be applied for the final offset determination of each hop.


Figure 2 Shift the hop across bandwidth boundary to align with the bandwidth boundary
Moreover, in one hand, hop across boundary of hopping band introduces additional complexity in computing/determining the overlap size for all the hops; on the other hand, it makes multiplexing of hopping SRS among different UEs on same time and frequency resource more difficult. To handle this problem, a limitation on starting point of the first hop can be considered to simplify the scenarios. For example, control the start point to ensure no hop is across the boundary of hopping band when wrapping is happen, as shown in Figure 3. Based on this limitation, the multiplexing hopping SRS for multiple UEs can be realized, as shown in Figure 4, where both options are applied for the hops other than the one across the boundary. And to capture this limitation in the start point in frequency domain determination for each hop, the reference point used to align each hop should be changed from lowest point to highest point in Alt-2, such as: 
Wherein the  is defined by taking the highest frequency point as a reference.


Figure 3 Start point for the first hop in time domain 


Figure 4 Illustration of multiplexed hopping SRS for multiple UEs with limited start point of the first hop
Proposal 4: Support limit the start point of the first hop to ensure no hop is across the boundary of hopping band when wrapping is happened, and maximize the number of UEs multiplexed within a same time and frequency resource.
2.2   Collision handling for UL SRS
A) Collision rules definition
Collision rules to handle the collision between gap and other signal/channel was discussed in the last meeting [3]. And the duration of the gap was used to determine whether to switch the other signal/channel.
	Proposal 4.2.2.1-2: the already specified collision rules are applied to every hop in an SRS resource with Tx hopping, including the retuning time before and after each hop, 
· If the time between hop exceed the sum of the retuning time to and from the active BWP, the UE switches back to the active BWP and transmits the UL channel / signals.
· 	FFS: further granularity for the dropping rules, e.g. per hop. 
· 	FFS: configuration of priority levels for the SRS with tx hopping. 
· 	FFS: case of HD-FDD


Several scenarios for the collision between hop and other signal/channel are shown in the following figure: 
· : the time gap between the end symbol of first hop and the start symbol of the UL channel
· : the time gap between the end symbol of UL channel and the start symbol of the second hop
· [bookmark: _GoBack]: the time duration of the UL channel
· : the gap length between the first and second hop
According to the previous discussion, if , then the UE can switch back to the UL channel, where  is the required retuning time to/from the active BWP. But actually, the time may still be too short to switch back to UL channel (shown as sub figure b) or switch from UL channel to hop (shown as sub figure c). Therefore, the proposal should be updated to:
· If the time between hop and the UL channel/signals exceed the retuning time to the active BWP (), and the time between the UL channel/signals and the hop exceed the retuning time from the active BWP (), the UE switches back to the active BWP and transmits the UL channel / signals.


Figure 7 Illustration of collision between gap and UL channel
Proposal 5: To handle the collision between gap and UL channel/signals, support UE switches back to the activate BWP only when both the two conditions meets:
1) The time between hop and the UL channel/signals exceed the retuning time to the active BWP
2) The time between the UL channel/signals and hop exceed the retuning time from the active BWP
Conclusion
In this contribution, we share our considerations on positioning support for RedCap UEs, and the following observation and proposals are made:

Observation 1: With configured overlap size, bandwidth for each hop, and start point of the first hop, there may be one or two hops across boundary of the configured bandwidth of a cycle for hopping SRS.

Proposal 1: For frequency hopping of positioning RS, support UE reporting the capability related to the phase offset to facilitate the overlap size’s configuration.
Proposal 2: Support Alt-2 for determining the start point in frequency domain for each hop in the working assumption.
Proposal 3: Support special handling for determining the start point in frequency domain for the hop across bandwidth boundary, and  can be applied for the final offset determination of each hop.
Proposal 4: Support limit the start point of the first hop to ensure no hop is across the boundary of hopping band when wrapping is happened, and maximize the number of UEs multiplexed within a same time and frequency resource.
Proposal 5: To handle the collision between gap and UL channel/signals, support UE switches back to the activate BWP only when both the two conditions meets:
1) The time between hop and the UL channel/signals exceed the retuning time to the active BWP
2) The time between the UL channel/signals and hop exceed the retuning time from the active BWP
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