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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 frequency hopping for SRS for positioning (SRS-pos), measurement reporting, UL time window (UTW), and collision handling rule without or outside UTW are discussed in each of sections.

Configuration of frequency hopping for SRS-pos
In the RAN1 #113 meeting, it was agreed to support the configuration of (wrapped) staircase pattern and some of parameters for time/frequency resource determination of each hop were agreed to configure SRS Tx hopping pattern in the last RAN1 #114 meeting. However, to determine frequency position for each hop taking into account the wrapped staircase pattern with overlapping in frequency domain, more details are needed to be defined. As one of the simplest ways, equation for frequency hopping of SRS for MIMO can be the baseline approach and some modification to support SRS-pos hopping for RedCap UEs will be required. To this end, equation for frequency hopping of SRS for MIMO can be reused with additional two parameters, i.e., hopping pattern index and overlapping PRBs. 

Hopping pattern index
For indicating staircase hopping pattern including wrapped staircase pattern, introducing pre-defined staircase hopping pattern and indication of the hop index of the starting hop can be considered. No additional information, such as total bandwidth size for SRS-pos hopping, is required for the hopping pattern determination. An example of relation between frequency hopping pattern and the pattern index which indicates the relative frequency position of the hop, is described in Table 1. Note that the table can be modified for other hopping patterns or extended with additional values, if needed. 

[bookmark: _Ref146720718]Table 1. Example of frequency hopping pattern indexing
	Frequency hopping pattern

	

	

	
	5
	4
	3
	2

	0
	{0,1,2,3,4}
	{0,1,2,3}
	{0,1,2}
	{0,1}

	1
	{1,2,3,4,0}
	{1,2,3,0}
	{1,2,0}
	{1,0}

	2
	{2,3,4,0,1}
	{2,3,0,1}
	{2,0,1}
	

	3
	{3,4,0,1,2}
	{3,0,1,2}
	

	4
	{4,0,1,2,3}
	



Based on the pre-defined staircase hopping pattern and indicated hop index of the starting hop, relative frequency position of each hops, , can be determined by following parameter, which is aligned to equation of SRS for MIMO with slight modification; 

Here,  is hopping pattern index indicating starting hop index,  is SRS resource transmission counter, and  is the total number of hops. With that, existing equation for frequency hopping for SRS MIMO in Rel-17 can be reused as follows; 

Note that  is not configured for SRS-Pos, which turns out to be . As an example, assume  is 2 and  is 4, respectively. Then the relative frequency position of the first hop will be the 3rd out of total 4 hops, as shown in the Figure 1.  
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[bookmark: _Ref146715668][bookmark: _Ref146715664]Figure 1. Example of wrapped staircase hopping pattern
Overlapping indication 
It was agreed in the last meeting that single overlap value can be configured for all hops. The number of PRBs of overlapping in frequency domain between hops should be defined as a new parameter, , as shown in following equation.
,
Above equation enables to determine whether it is incremental or decremental direction in frequency domain, accounting for the relative frequency domain position respect to the first hop. With that, the frequency-domain starting position can be finally determined by simply adding it to the conventional frequency domain starting position as follows;


Proposal 1: The bandwidth of each hop, hopping pattern index and number of hops are used for determining wrapped staircase pattern for SRS-pos resource.
· [bookmark: _GoBack]Hopping pattern index is used to indicate the relative frequency position of the first hop

Proposal 2: Adopt following TP for 38.211: 
	· [bookmark: _Toc19796474][bookmark: _Toc26459700][bookmark: _Toc29230350][bookmark: _Toc36026609][bookmark: _Toc45107448][bookmark: _Toc51774117][bookmark: _Toc146119854]6.4.1.4.3	Mapping to physical resources
< Unchanged part is omitted >
The frequency-domain starting position  is defined by

where 



and
-	 is given by the higher-layer parameter StartRBIndex if configured, otherwise ; 
-	 is given by Table 6.4.1.4.3-3 with

	if the higher-layer parameter EnableStartRBHopping is configured, otherwise .
-	 is given by the field n-overlaprb contained in the higher-layer parameter freqHopping if configured, otherwise ; 

The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

	where  and is the th entry and the cardinality of the set 

	respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . 
[bookmark: _Hlk144819397]	The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
	If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .

The number of hops for frequency hopping of the SRS for positioning resource is configured by the parameter , given by the field N-hop contained in the higher-layer parameter freqHopping if configured, otherwise . 
If , frequency hopping of SRS for positioning is enabled and the frequency position indices  are defined by 

for all  OFDM symbols of the SRS for positioning resource. The quantity  is given by the higher-layer parameter freqHoppingPatternIndex if configured, otherwise  = 0
< Unchanged part is omitted >






Activation/deactivation of frequency hopping SRS-pos via MAC-CE
Whether and how to activate or deactivate frequency hopping for SRS-Pos should be discussed. Configuring frequency hopping for SRS-Pos only by RRC might be interpreted as a simple way to go. However, many things are sacrificed for that simplicity which is not desirable. From UE’s perspective, it will cause latency due to the cancellation or postpone of other uplink transmission to the serving cell due to the high priority of SRS-pos, which cannot be resolved until deactivated by RRC. Moreover, the time and frequency resources used by the UE for transmitting frequency hopped SRS-Pos, are considered to be occupied from network perspective. It can go worse when the frequency hopped SRS-Pos cause interference in the network. To resolve those issues, frequency hopping of SRS-Pos should activated/deactivated by dynamic indication. Either reusing the existing SP positioning SRS Activation/Deactivation MAC CE specified in [4], or defining a new MAC CE can be considered.
When reusing the legacy SP positioning SRS A/D MAC CE, the A/D is dynamically indicated on a per SRS resource set. By allocating some of resource set IDs (max 16 per BWP supported in Rel-17) to resource sets that support frequency hopping, it can be indicated via the positioning SRS resource set ID field of the SP positioning SRS A/D MAC CE.

Triggering of frequency hopping SRS-pos via DCI with pre-configured ID
With the same motivation above, it is imperative to support to trigger the aperiodic Tx hopping of SRS-pos. For this, a straightforward and expedient approach is to be indicated via SRS-pos resource set indicator of DCI format similarly to the mechanism of existing spec. Since various configuration information for frequency hopping of SRS-pos, such as the number of hops and starting PRBs of 1st hop, is allocated to the SRS-pos resource set ID via RRC signalling, UL SRS-pos frequency hopping can be dynamically triggered by indicating the resource set ID with low bit overhead.

Proposal 3: For UL SRS-pos Tx hopping, 
· Support frequency hopping of SRS-pos to be activated/deactivated by MAC-CE.
· Support frequency hopping of SRS-pos to be triggered by DCI 

Measurement reporting
Although it was agreed to support reporting of measurement per hop, and some details should be further discussed. For example, how many hops are used to obtain the measurement report or measurement report based on single/multiple hops are allowed. First of all, the benefits of indication of how many received hops or which received hops where used in the measurement report is not clear. Secondly, receiver can decide whether to report main single measurement based on receiving multiple hops or per-hop single measurement associated with one received hop according to hopping reception failure. We also can’t find any clear reason for reporting both measurements together.

Proposal 4: For UL SRS-pos Tx hopping, 
· Reporting the indication of how many received hops or which received hops where used in the measurement report from gNB is not supported.
· Reporting both of the measurement based on multiple hops or the measurement based on single hop together from gNB is not supported.

UL time window
In this section, UE behavior when UL time window is configured for frequency hopping of SRS-pos for Redcap UE is discussed. Before digging into details, it should be noted that according to agreement and the current version of specification, UE is not expected to transmit other uplink signals/channels within UTW. This condition is unnecessarily too restrictive. Since the original intention of introducing UTW is to have stable SRS transmission for frequency hopping, banning transmission of other UL signals/channels on entire time duration of UTW is too restrictive and unnecessary especially considering when the other UL signals/channel does not collide with SRS-pos within the UTW. For example, CBRA RACH is supposed to be transmitted within the UTW and it is dropped even it does not collide with SRS-pos, retransmission with increased power would cause interference in network and lead latency increment to UE. Moreover every uplink resource within the UTW will not be used even it does not collide with SRS-pos which is waste of resources. Therefore other uplink transmission in UTW should be allowed when it does not collide with any SRS-pos with frequency hopping configured.

Proposal 5: Within the UTW, UE can transmit other uplink transmission if and only if it does not collide with SRS-pos with frequency hopping configured.

Proposal 6: Adopt following TP for 38.214:
	[bookmark: _Toc29673223][bookmark: _Toc29673364][bookmark: _Toc29674357][bookmark: _Toc36645587][bookmark: _Toc45810636][bookmark: _Toc145348774]6.2.1.4	UE sounding procedure for positioning purposes
< Unchanged part is omitted >
The reduced capability UE may be configured, via [higher layer parameter], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels if it collides with SRS for positioning with frequency hopping is configured, and is only expected to transmit the SRS for positioning using frequency hopping. 
< Unchanged part is omitted >



The handling of collision between other UL signals/channels and SRS-pos is separately defined for within UL time window and outside of UL time window. Although it is described separately, but further clarification is needed when considering there is no limitation such as SRS-pos for frequency hopping is only configured within the UTW, which implies resource of SRS-pos can be configured across the UTW boundary. For example, some of hops can be configured across the boundary. In any cases, it is natural that the collision handling rule is applied to only outside of the UTW, not across the entire configured resources which partially within and partially outside of the UTW.

Proposal 7: When SRS-pos resource configured across the boundary of UTW, collision handling rule is applied for hops outside the UTW.

Collison handling rule without/outside UTW
In this section, collision handling rule between SRS-pos with frequency hopping and other signals/channels is discussed. The conventional UE behavior according to collision handling rule when SRS-pos collides with high priority UL transmission is symbol level dropping of SRS-pos. It should be noted that frequency location of SRS frequency hopping of the Redcap UE can be different from the frequency location between other UL signal/channel. As a result, switching time between SRS-pos transmission outside active BWP and other signal/channel transmission is required. With that, when symbol level dropping is directly applied to frequency hopping of Redcap UE, frequent switching time is inevitable which cause complexity and power consumption of the UEs. To resolve these issues, hop level dropping should be applied. Detail of it is described in Figure 2. It also should be noted that the performance difference between symbol level dropping and hop level dropping is marginal [1].

[image: ][image: ]
(a) Symbol-level dropping                                                   (b) Hop-level dropping
[bookmark: _Ref146742801]Figure 2. Example for difference of the number of RF retuning occasion
 
Proposal 8: For collision handling of UL SRS-pos with FH, hop level dropping is supported

Regarding the required switching time, RAN1 received reply LS from RAN4 [2]. The candidate values of switching time required for the switching between SRS-pos and other uplink transmission is described as follows; 100us, 140us, 200us, 300us and 500us. Although those values are for ahead of the first hop and after the last hop, when hop level dropping is adopted, those values should be considered. To do so, switching time should be applied ahead and after the other signals/channels.
 
Proposal 9: for the collision handling rule, switching time required ahead of the first hop and after the last hop described in reply LS is also applied ahead and after the other signals/channels.

Proposal 10: Adopt following TP for TS 38.214:
	6.2.1.4	UE sounding procedure for positioning purposes
< Unchanged part is omitted >
The reduced capability UE may be configured, via [higher layer parameter], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels and is only expected to transmit the SRS for positioning using frequency hopping. 
If the transmission of SRS for positioning using frequency hopping without/outside the UL time window collides in time domain with other UL signals or channels along with the switching time applied ahead and after the other signals or channels, indicated in [higher layer parameter], subject to UE capability, the frequency hopping transmission is dropped in the hop(s) where the collision occurs.
< Unchanged part is omitted >



Conclusion
Based on the above discussion, the following proposals and observations are provided.
Proposal 1: The bandwidth of each hop, hopping pattern index and number of hops are used for determining wrapped staircase pattern for SRS-pos resource.
· Hopping pattern index is used to indicate the relative frequency position of the first hop

Proposal 2: Adopt following TP for 38.211: 
	· 6.4.1.4.3	Mapping to physical resources
< Unchanged part is omitted >
The frequency-domain starting position  is defined by

where 



and
-	 is given by the higher-layer parameter StartRBIndex if configured, otherwise ; 
-	 is given by Table 6.4.1.4.3-3 with

	if the higher-layer parameter EnableStartRBHopping is configured, otherwise .
-	 is given by the field n-overlaprb contained in the higher-layer parameter freqHopping if configured, otherwise ; 

The quantity  is given by
-	if the higher-layer parameter combOffsetHopping is not configured:

-	if the higher-layer parameter combOffsetHopping is configured:

	where  and is the th entry and the cardinality of the set 

	respectively, where  is given by the higher-layer parameter combOffsetHoppingSubset if configured, otherwise . 
	The pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame for which , where the comb hopping identity  is contained in the higher-layer parameter combOffsetHopping.
	If the higher-layer parameter hoppingWithRepetition is configured, , otherwise .

The number of hops for frequency hopping of the SRS for positioning resource is configured by the parameter , given by the field N-hop contained in the higher-layer parameter freqHopping if configured, otherwise . 
If , frequency hopping of SRS for positioning is enabled and the frequency position indices  are defined by 

for all  OFDM symbols of the SRS for positioning resource. The quantity  is given by the higher-layer parameter freqHoppingPatternIndex if configured, otherwise  = 0
< Unchanged part is omitted >




Proposal 3: For UL SRS-pos Tx hopping, 
· Support frequency hopping of SRS-pos to be activated/deactivated by MAC-CE.
· Support frequency hopping of SRS-pos to be triggered by DCI 

Proposal 4: For UL SRS-pos Tx hopping, 
· Reporting the indication of how many received hops or which received hops where used in the measurement report from gNB is not supported.
· Reporting both of the measurement based on multiple hops or the measurement based on single hop together from gNB is not supported.

Proposal 5: Within the UTW, UE can transmit other uplink transmission if and only if it does not collide with SRS-pos with frequency hopping configured.


Proposal 6: Adopt following TP for 38.214:
	6.2.1.4	UE sounding procedure for positioning purposes
< Unchanged part is omitted >
The reduced capability UE may be configured, via [higher layer parameter], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels if it collides with SRS for positioning with frequency hopping is configured, and is only expected to transmit the SRS for positioning using frequency hopping. 
< Unchanged part is omitted >



Proposal 7: When SRS-pos resource configured across the boundary of UTW, collision handling rule is applied for hops outside the UTW.

Proposal 8: For collision handling of UL SRS-pos with FH, hop level dropping is supported

Proposal 9: for the collision handling rule, switching time required ahead of the first hop and after the last hop described in reply LS is also applied ahead and after the other signals/channels.

Proposal 10: Adopt following TP for TS 38.214:
	6.2.1.4	UE sounding procedure for positioning purposes
< Unchanged part is omitted >
The reduced capability UE may be configured, via [higher layer parameter], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels and is only expected to transmit the SRS for positioning using frequency hopping. 
If the transmission of SRS for positioning using frequency hopping without/outside the UL time window collides in time domain with other UL signals or channels along with the switching time applied ahead and after the other signals or channels, indicated in [higher layer parameter], subject to UE capability, the frequency hopping transmission is dropped in the hop(s) where the collision occurs.
< Unchanged part is omitted >
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