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Introduction
During RAN1#96b, the discussion on UL PRS design started, with the following set of agreements:
	Proposal:
Define a new usage of Rel-16 SRS for positioning purpose
Agreement:
Support the following configurations of SRS for positioning
· Semi-persistent configuration
· Periodic configuration
· Aperiodic configuration
Agreement:
[bookmark: _GoBack]For positioning, regarding the number of SRS symbols per resource, decide by RAN1#97 whether to increase the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4}. 
· If it is not decided to increase the number of SRS symbols per resource by RAN1#97, increasing the set of allowable number of SRS symbols per resource compared to the NR Rel-15 allowable set {1,2,4} will not be considered further after RAN1#97.
Agreement:
For positioning, regarding the possible SRS symbol locations per slot decide by RAN1#97 whether the SRS can be configured only in the last N symbols of a slot with N>6 
· If the above decision is not made by RAN1#97, configuring SRS only in the last N symbols of a slot with N>6 will not be discussed further after RAN1#97.
Agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· Staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.


In this contribution, we discuss further the UL SRS design.  
UL SRS design for positioning
SRS configuration
The SRS configuration for UL positioning should follow previous LTE implementation. Similarly to the DL PRS, The SRS configuration supported by a cell is reported via NRPPa to the location server. If a UE is requested to perform e.g. UTDOA or RTT with SRS transmissions, the location server then informs the neighbor cells of the SRS configuration. which in turn, informs the other cells Config via RRC/NRPPa
For Periodic positioning, the configuration is straightforward. The serving cell signals to the location server the configuration(s) it may use for SRS for positioning. Then, when the location server signals to the cell that a UE in this cell (hence, a serving cell) should use SRS, the serving cell configures the UE with SRS resources for positioning via RRC. During the same procedure, the location server should inform non-serving neighbor cells of the SRS configuration. Then the location server requests measurements and obtain reports from the UE via LPP.
[bookmark: _Toc7811638]The SRS for positioning is configured by the UE serving cell via RRC
[bookmark: _Toc7811639]The SRS for positioning   UE configuration is communicated to the UE neighbor (non-serving) cell via NRPPa from the location server

SRS pattern for positioning and resource allocation
An SRS staggered pattern gives the whole TOA measurement range offered by the SRS symbol duration while still giving the possibility to multiplex several UEs based on comb offsets. Power boosting can be used to compensate for the combed transmission. Additionally, the resulting full-bandwidth signal given by the staggered pattern  means that the whole symbol  duration may be used without ambiguity. This leads to a potentially large amount of available cyclic shift that can be used for UE multiplexing.  Repetition of each comb offset in time can provide additional power to improve hearability. The comb size of the pattern should be made as large as possible to enable multiplexing of as many UE as possible, while still having the possibility of getting full power utilization via power boosting.  An example of such pattern with comb-6 resources, repetition 2 and full staggered comb offsets, is shown in  Figure 1, using a total of 12 symbols. 
[bookmark: _Toc7811578]UE multiplexing can be done over cyclic shifts as well as comb offsets
[bookmark: _Toc7811579]Repetition of the same comb offset can be used to increase hearability
[bookmark: _Toc7811580]Comb size is a trade off between full power utilization and increased reuse factor for UE multiplexing.
[bookmark: _Toc7811581]Patterns with full bandwidth staggered comb offsets allow for use of the full duration of the RS symbol for range estimation and CS-based multiplexing. 

[bookmark: _Ref7557798]Figure 1 SRS pattern with repetition factor 2, comb-6 with 12 symbols, covering the full range of comb offsets. The figure shows only one resource block of 12 subcarriers. Note that this SRS doesn’t fit within the six last symbols of a slot as required for the SRS in NR Rel. 15 (see section 2.5).
It should be noted, however, that the demand for flexibility can vary from use case to use case and therefore, the full range offered by a staggered pattern covering all comb offsets is not always necessary. Therefore, we propose to allow the configuration of a SRS pattern for positioning to cover also a subset of the comb offsets.
[bookmark: _Toc7811640]The SRS pattern based on comb-N contains M symbols where M need not be equal to  N
in RAN1#96b, an agreement to down select how to allocate the SRS pattern was reached:
	agreement:
Select one or both of the following options to support staggered SRS transmissions for UL SRS positioning
· Staggered patterns (a collection of SRS symbols from the same antenna port with different offsets for at least some symbols) in a single SRS resource
· Configuration of the same antenna port for the transmission of SRS symbols in different SRS resources in a SRS resource set.


In the downlink discussion, there in an understanding that a PRS resource set  should map to a TRP location, while a PRS resource maps to a measurement (e.g. a Time of arrival for a given beam). This allows a lower signaling overhead when configuring the DL PRS so that all resource emitting from a single TRP can be packed in a single resource set.  
For SRS, the current implementation allows to construct a staggered pattern within a resource set by adding resources with the appropriate resource starting position, comb and comb offset. The only additional requirement is that it should be made clear that all resources in the set transmit from the same antenna port. The alternative solution, i.e. to have all symbols in a single resources, would have a significant specification impact  that seem unjustified. 
In the current specifications, resource sets are confined to one slot. Thus, more than one resource set may be necessary to obtain enough repetition within each resource and  enough resources to cover the full bandwidth and have sufficient hearability. Multiple resource sets will also be required to complete a beam sweep.
[bookmark: _Toc7811641]For positioning, the network should assume the antenna port in each resource in a resource set to  be the same in all resources. 
[bookmark: _Toc7811642]The SRS pattern for positioning used for a given measurement  is realized with one or more SRS resource set.
Number of symbols in a SRS resource 
The number of symbols in a SRS resource is currently limited to 1,2 or 4 symbols.  The number of symbols is used to enable repetition, frequency hopping and potential RX beam sweeping. For the purpose of positioning, if the SRS staggered pattern is realized with multiple resources, a change to the number of symbol in a SRS resource may improve hearability. In figure X, we show that at least for UMi gain, hearability may be improved with extended repetition to 6 symbols.
[bookmark: _Toc7811643]Allow an increase of the number of SRS symbol per resource, up to at least  6 symbols

[image: ]

SRS comb-sizes and number of cyclic shifts
The legacy SRS allows for up to 8 different cylic shifts to be multiplexed with a comb size 2 and 12 for comb size 4.  A higher comb size and a larger maximum number of cyclic shifts would increase the ability to multiplex within a symbol, which is desired to free space on the time frequency grid in order to e.g. enable repetitions (when power is the concern) or allocate more resources (for example for beams in FR2) in a resource set. 
During RAN1#96b, multiple contributions have proposed a higher comb number, with up to comb 12 being proposed. Below is a summary of the unaliased range for different comb sizes
Table 1 unaliased range for different comb size for FR1 (SCS 15kHz) and FR2 (SCS 120kHz)
	Comb size
	Unaliased range FR1 1ms slot (66.67 µs symbol duration) 15kHz SCS
	Unaliased range FR2  125 µs slot (8.33 µs symbol duration), 120kHz SCS
	Power boost for full power utilization (dB)

	1
	19.8km
	2.5km
	0

	2
	9.9km
	1.25km
	3

	4
	4.95km
	625m
	6

	6
	3.3km
	416m
	7.8

	12
	1.65km
	208m
	10.8

	24
	0.825km
	104m
	13.8


Based on the available range, comb size of up to 24 are or interest at least for indoor scenario.  However, it is unrealistic to expect full power utilization with high comb sizes, therefore a compromise proposal is to extend the comb size to up to at least size 6, which provide a good balance between increased possibility for multiplexing and the need for power boosting.

[bookmark: _Toc7811582]Comb size must be balanced with power boosting required for full power utilization
[bookmark: _Toc7811644]the available comb size for SRS in positioning is extended with size 6
· [bookmark: _Toc7811645]FFS higher comb size
Iin our downlink contribution [REF], we discuss the issue of cyclic shifts for DL PRS. The same discussion could be done for UL SRS. The number of UL SRS cyclic shift is specified to be up to 8 for comb-2 and 12 for comb 4, respectively, based on a certain delay spread assumption and cell size as well as the combed symbol unaliased range. It should be noted that most use cases of interest to SRS-based positioning are indoor, that is to say with a small cell size and delay spread. In this case a tighter spacing of cyclic shifts could be realized, with the largest amount of available cyclic shift being when a full staggered comb pattern is available.  Table 1 from [2] is reproduced below for convenience and shows the number of orthogonal cyclic shift signals tolerating a certain delay for different numerologies, based on a full staggered comb. Patterns with M symbols for a comb-N SRS resource will have  a subset of these cyclic shifts available, due to the reduced unaliased symbol duration. 
Based on the observed number of available cyclic shift it should be possible to increase the amount of multiplexed SRS signals by increasing the cyclic shifts. Looking at indoor cases, using 1.5 usec delay will secure that all UEs in an indoor deployment with UEs as far apart as 450m which means the assumption is conservative enough to be secure.  In order to avoid issues with legacy, the new maximum number of cyclic shifts should be a multiple of the legacy. Therefore, it is proposed to increase  possible values to also include 24 and 48.
[bookmark: _Toc7811646]The  possible values for the maximum number of cyclic shifts for SRS is increased to [8,12,24,48]
The current specifications limits  to 8 for comb 2 and 12 for comb 4. While that may be valid for other usage, for the purpose of positioning, the connection  between the comb size and the maximum number of cylic shift could be removed and instead  should be configured as part of the resource configuration. 
[bookmark: _Toc7811647]Maximum number of cyclic shifts  and comb size should be configured at the resource set level.
[bookmark: _Toc7811648]The actual cyclic shift of a SRS resource should  be configured by the parameter .

Table 2 Number of orthogonal cyclic shift signals tolerating a certain delay for different numerologies.
	
	
	Number of orthogonal cyclic shift signals tolerating a given delay

	Subcarrier spacing
	OFDM symbol length without CP
	Max 0.5 µs delay
	Max 1 µs delay
	Max 1.5 µs delay

	15 kHz
	66.7 µs
	133
	67
	44

	30 kHz
	33.3 µs
	67
	33
	22

	60 kHz
	16.7 µs
	33
	17
	11

	120 kHz
	8.3 µs
	17
	8
	6






[bookmark: _Ref7695050]SRS symbols in a slot 
Based on the previous discussion, UL positioning will need to deal with potentially large staggered SRS pattern and beam sweep. It follows that the limit of 6 SRS symbols per slot should be relaxed to allow more  resources per slot. It is proposed to extend it to UL SRS symbol positions covering the whole slot. 
[bookmark: _Toc7811649]For positioning purpose, extend the number of possible UL SRS in a slot to the number of symbols in the slot. 
SRS usage
Based on the previous description, it seem necessary to have a new entry for the parameter usage for the configuration of the SRS resource sent, called positioning. The positioning usage can be based on  and also add the assumption that  for all resource in a resource set configured with usage set to “positioning”, the network can expect the UE to transmit all resources in the resource set to be transmitted from the same antenna port.

[bookmark: _Toc7811650]Define a SRS usage for positioning where
· [bookmark: _Toc7811651]the network can  assume the antenna port in each resource in a resource set to  be the same in all resources. 
· [bookmark: _Toc7811652]The number of SRS symbols in a slot is equal to the number of   symbols in the slot
· [bookmark: _Toc7811653]FFS other properties


Conclusions
 the follow proposals were made:
In the previous sections we made the following observations: 
Observation 1	UE multiplexing can be done over cyclic shifts as well as comb offsets
Observation 2	Repetition of the same comb offset can be used to increase hearability
Observation 3	Comb size is a trade off between full power utilization and increased reuse factor for UE multiplexing.
Observation 4	Patterns with full bandwidth staggered comb offsets allow for use of the full duration of the RS symbol for range estimation and CS-based multiplexing.
Observation 5	Comb size must be balanced with power boosting required for full power utilization
 
And the following proposals:
Proposal 1	The SRS for positioning is configured by the UE serving cell via RRC
Proposal 2	The SRS for positioning   UE configuration is communicated to the UE neighbor (non-serving) cell via NRPPa from the location server
Proposal 3	The SRS pattern based on comb-N contains M symbols where M need not be equal to  N
Proposal 4	For positioning, the network should assume the antenna port in each resource in a resource set to  be the same in all resources.
Proposal 5	The SRS pattern for positioning used for a given measurement  is realized with one or more SRS resource set.
Proposal 6	Allow an increase of the number of SRS symbol per resource, up to at least  6 symbols
Proposal 7	the available comb size for SRS in positioning is extended with size 6
o	FFS higher comb size
Proposal 8	The  possible values for the maximum number of cyclic shifts for SRS is increased to [8,12,24,48]
Proposal 9	Maximum number of cyclic shifts  and comb size should be configured at the resource set level.
Proposal 10	The actual cyclic shift of a SRS resource should  be configured by the parameter .
Proposal 11	For positioning purpose, extend the number of possible UL SRS in a slot to the number of symbols in the slot.
Proposal 12	Define a SRS usage for positioning where
o	the network can  assume the antenna port in each resource in a resource set to  be the same in all resources.
o	The number of SRS symbols in a slot is equal to the number of   symbols in the slot
o	FFS other properties
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