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Introduction
In RAN1#97, the following agreements were reached regarding the uplink positioning signal design for the NR.

	Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15

Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset range of {0,1,…,13}.

Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)




In this contribution, we present our views on the SRS enhancements for positioning purposes, part of which were left FFS.

[bookmark: _Ref418462123]

Proposals for SRS enhancements
Figure 1 depicts the enhancement of the SRS configuration from the Rel. 15 for positioning purposes. An important aspect of the enhancement is an increase in the comb factor, thereby increasing the PSD per SRS RE given a constant transmit power. The resulting ambiguity arising from the high comb factor may either be resolved by transmitting the SRS transmissions in the following OFDM symbols in a staggered manner and destaggering the channel impulse response so achieved, or by excluding the replicas of CIR outside the expected range of ToA values (for example, in an indoor scenario). The overall changes we propose taking the SRS configuration from Rel. 15 as a baseline is summarized below. 

[image: ]
[bookmark: _Ref7702960]Figure 1: Overview to the potential gains resulting from enhanced SRS


An analysis of the resulting gain from the enhancements and the total number of users that can be supported is shown in Table 1. The parameters highlighted in green are not supported by the last agreements.

In particular, we note that using a comb factor of 12 and no repetition may be beneficial for indoor hotspot similar scenarios, where the channel dispersion may be much lower than the ambiguity caused by the comb factor. On the other hand, in scenarios such as urban macro, the hearability of UEs may need to be enhanced by enhancing PSD per RE and combining signals transmitted over multiple OFDM symbols. This could be addressed by using a comb factor of 12 with a staggered repetition on 12 OFDM symbol. Our analysis shows a gain of 10.8 dB, when a comb factor of 12 and repetition over 12 staggered OFDM symbols is done.  




[bookmark: _Ref16688840]Table 1: Analysis of gains of SRS enhancements.
	
	KTC
	OFDM Symbols per SRS- resource
	OFDM symbols available for SRS
	Seq.
length
	Proc. gain
	Power boosting gain
	Resources per slot 
	Remarks

	LTE
	2
	1
	1
	N/2
	Ref
	Ref.
	2
	For LTE (TS 36.211) KTC and nrofSymbols is not configurable

	Supported by NR, release 15
	2
	1
	6
	N/2
	Ref
(0dB)
	Ref (+0dB)
	12
	NR allows the selection of the OFDM symbol used for SRS

	
	4
	2
	6
	N/2
	0dB
	+3dB
	12
	Same number of resource elements, staggered repetition provide power boosting gain

	
	4
	1
	6
	N/4
	-3dB
	+3dB
	24
	Increasing the comb factor reduces the sequence length (lower processing gain). This loss is compensated by a higher power spectral density of the used subcarrier (‘power boosting’). For deployments with normal ISD the ambiguity introduced by transmission comb of 4 is not critical.

	
	4
2
	4
2
	4
2
	N
N
	+3dB
+3dB
	+3dB
0dB
	6
	Since KTC = 3 and nrofSymbols=3 is not supported by Rel. 15, the UEs multiplexed have different comb offset and repetition factor.

	Possible extensions
	4
	1
	14
	N/2
	0
	0
	28
	Allowing the use all OFDM symbols for SRS in 

	
	2
	1
	14
	N/4
	-3dB
	+3dB
	56
	

	
	6
	6
	12
	N
	+3dB
	+4.7dB
	12
	High power boosting gain

	
	12
	12
	12
	N
	+3dB
	+7.8dB
	12
	Highest power boosting gain plus gain of increased sequence length (total gain 10.8dB)

	
	12
	1
	14
	N/12
	-7.8 dB
	+7.8dB
	168
	Very high number of UEs per slot. Unique detection of ToA only possible for low ISD / low delay spread



In particular, we note that our analysis has shown gains of up to 10.8 dB when a comb size of 12 in combination with staggering in up to 12 symbols is used. Furthermore for selected scenarios up to 168UEs can be separated already in one slot if all OFDM symbols in combination with comb size 12 are assigned to position applications. 
Number of consecutive OFDM symbols in an SRS resource and comb size
	Agreement:
For positioning, the number of consecutive OFDM symbols in an SRS resource is configurable with one of the values in the set {1, 2, 4, 8, 12}
· FFS: Other values including 3,6,14
· Note: Values of 1, 2 and 4 within an SRS resource can already be configured in Rel-15
Agreement:
For positioning, the SRS comb size set is extended from {2,4} to {2,4,8}
· FFS: Additional comb sizes: 1, 6, 12
· Note: For the comb sizes of 6 and 12, the number of PRBs may be restricted if currently defined sequences are to be used
· FFS: Maximum number of cyclic shifts for the different comb sizes (cyclic shifts for comb sizes of 2 and 4 already exist in Rel-15)




A comb-factor of 6 and staggered repetition over 6 OFDM symbols provide a regular structure on RE assignment and allow roughly half of the slot to be available for PUSCH transmissions. This scenario is important when the number of users to be supported for UTDOA positioning is not high enough to occupy the whole slot, but the hearability issue still needs to be addressed. In addition six consecutive OFDM symbols in an SRS resource shall be considered. Also including a comb size of six, which together with six consecutive OFDM symbols provides a regular time-frequency allocation of RE, which can be destaggered to obtain impulse response of the channel and also enhance the coverage, by concentrating more energy per RE for the same amount of transmit power.

Proposal 1: Support six consecutive OFDM symbols in an SRS resource, in addition to values already agreed.
Proposal 2: Additionally include transmission comb sizes of six and twelve.

Starting position of SRS resource in the time domain

	Agreement:
For positioning, starting positions in the time domain for the SRS resource can be anywhere in the slot, i.e. an offset loffset range of {0,1,…,13}.



According to the agreement above, the SRS resource may start anywhere in the slot provides flexible allocation of SRS resources for positioning. This allows SRS transmission to be placed anywhere within a slot, and possibly the whole slot can be used for positioning purposes. Nevertheless, this may cause high interference to an OFDM symbol in the slot following the slot where SRS for positioning purposes is transmitted. 
As described in [1], SRS for positioning purpose should use a different power control procedure. The inter-symbol interference (ISI) is an issue when the channel is dispersive and new power control mechanism, where power control is not carried out with respect to the serving gNB or a constant transmit power for SRS is utilized. If the power control mechanism is changed, loffset = 13 should not be used for SRS transmissions if a high power for SRS is selected. 

Observation 1: If the power control mechanism for SRS for positioning purposes is changed, detrimental ISI is caused to transmissions in the slot following the slot for UL positioning signal. 

Proposal 3: Leave the last OFDM symbol unused or use standard power control mechanism in the last OFDM symbol of the slot used for positioning purposes.

Increase number of supported sequences



The low-PAPR sequence  is defined by a cyclic shift  of a base sequence  according to 


The main parameters of the SRS as defined in chapter 5.2.2 of TS38.211 are MZC (length of the base sequence), α (cyclic shift), u and v (selects the root of the Zadoff-Chu sequence). 
Allowed values are 
· v:	0,1 
· u:	0 … 29 
· α:	allowed values depend on the comb factor

MZC depends on the selected bandwidth and the comb factor. For positioning applications, SRS with high bandwidth is preferred to increase the positioning accuracy. With such high bandwidth, long sequences are typical. As an example, we assume a carrier bandwidth of 20MHz, a subcarrier spacing of 15kHz and a comb factor of 2. Taking into account table 6.4.1.4.3-1 of TS38.211, a possible value for MZC is 624 (52 RB) which results in a corresponding Zadoff-Chu sequence length of 619. For this sequence length, up to 618 Zadoff-Chu sequences exist. In 5G NR, out of these 618 sequences, only 60 sequences can be selected by varying the parameters v and u. This restriction originates from the computation of the root index q of the Zadoff-Chu sequence as defined in chapter 5.2.2.1 of TS38.211 and the allowed range for the parameter u and v. 


For, the base sequence  is given by


where




The length  is given by the largest prime number such that.

The parameters u and v depend on higher-layer parameter groupOrSequenceHopping. If groupOrSequenceHopping equals “neither” v is set to 0, which further restricts the usable sequences to only 30 sequences. 

For positioning applications, signals received with very low SINR are also detectable (especially if long sequences are selected). To minimize the number of OFDM symbols required for SRS transmissions, a reuse of the time-frequency resources (same RE) can be done by code-multiplex or cyclic shifts. The LMUs can distinguish UEs using the same RE by the sequence transmitted. Nevertheless, there arises critical scenario where the signal may not be detected by the LMU. An example for such critical scenario is:
· The link is partly blocked (UE1) for the UE close(r) to an LMU and 
· A second UE further away from the LMU is in good LOS condition (UE2). 
In such situation, LMUs may detect signals from far away UEs (e.g. UE2 in the above example), which uses the same sequence as that of UE1. This causes ambiguity in resolving UE1 and UE2. To avoid this ambiguity, it would be beneficial to increase the number of sequences available, at least for positioning purposes.  

Observation 2: The number of possible SRS sequences depends on the sequence length. The current standard supports already long sequences which allows for more sequences but only a small subset of the possible set of sequences can be used.

[bookmark: _GoBack]Proposal 4: 	For positioning usage more sequences shall be supported by extending the allowed parameter range of for the SRS base sequence generator. 

[bookmark: _Ref534822995]Conclusion
Observation 1: If the power control mechanism for SRS for positioning purposes is changed, detrimental ISI is caused to transmissions in the slot following the slot for UL positioning signal. 
Observation 2:  The number of possible SRS sequences depends on the sequence length. The   current standard supports already long sequences which allows for more sequences but only a small subset of the possible set of sequences can be used.


Proposal 1: 	Support six consecutive OFDM symbols in an SRS resource, in addition to values already agreed.
Proposal 2: 	Support a comb size of six and twelve, in addition to values already agreed.
Proposal 3: 	Leave the last OFDM symbol unused or use standard power control mechanism in the last OFDM symbol of the slot used for positioning purpose.
Proposal 4: 	For positioning usage more sequences shall be supported by extending the allowed    parameter range of for the SRS base sequence generator. 
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