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1. [bookmark: _Hlk20825402]Introduction
In the last RAN1 meeting (RAN1#98-Bis) the following agreements were made on UL reference signals: 

	Working assumption:
Frequency hopping of SRS for positioning is not supported

Agreement:
An SRS resource for positioning can contain multiple symbols with the same comb offset when the comb size is less than the number of symbols in the SRS resource. Select at least one of the following options
· Option 1: with G consecutive Res. FFS total number of symbols with respect to comb size
· Option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size
· Note: This does not preclude partial or full staggering which needs to be further discussed

Agreement:
The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are given in the table below. At least one pattern for each pair are to be selected from the following options:
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	
{0}
	{0, 1}
	FFS: {0, 1, 0, 1} and/or {0, 0, 1, 1}
	 N/A
	N/A

	4
	N/A
	{0, 2}
	FFS: {0,2,1,3} and/or {0,1,2,3}
and or {0,2,3,1}
	FFS: {0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3}
and/or {0,0,1,1,2,2,3,3}
	FFS: {0,2,1,3, 0,2,1,3, 0,2,1,3}
and/or {0,1,2,3, 0,1,2,3,0,1,2,3}
and/or {0,0,0,1,1,1,2,2,2,3,3,3}

	8
	N/A
	N/A
	N/A
	FFS: {0,4,2,6,1,5,3,7} 
and/or {0,4,1,5,2,6,3,7}
and/or {0,1,2,3,4,5,6,7} 
and/or {0,4,6,2,5,7,3,1}

	N/A



Agreement:
· SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to be received at the serving cell and neighbor cell
· The aperiodic SRS for positioning is triggered by a DCI
· There is no impact to Rel-15 DCI (reuse the triggers in place in rel-15)
· The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 working groups

Agreement:
For UL SRS for positioning configured with comb size 8, the number of cyclic shifts is 6



1 [bookmark: _Hlk4766228][bookmark: _Hlk15573934]Number of bits for sequenceId
For DL PRS, at least 4096 are used for the scrambling initialization. We think that both DL and UL PRS should have the same number of bits for the scrambing ID to ensure similar randomization across DL and UL. 
Proposal 1: The number of bits for sequenceID shall be as many as they are used for the scrambling ID of DL PRS resource. 
2 SRS for positioning RE-shifts
Significant progress was made previous meeting to identify the potential SRS for positioning patterns. The main arguments that were debated involved the following aspects:
· Should we do repetition over consecutive symbols first, and then stagger, or should we first complete a full staggered cycle and then repeat? 
· Should there be just 1 SRS pattern for each number of symbols & comb size, or should we have multiple? 
With respect to the first question, we consider the problem of SRS symbol-level collision with other UL channels of high importance. This is because, SRS for positioning would likely have the lowest priority compared to PUSCH, PUCCH, and even maybe other SRS types, and therefore, we are expecting to experience in several cases symbol-level puncturing. Typically, symbol-level puncturing would be 1 or 2 consecutive symbol (e.g., 2-symbol PUSCH, or 2-symbol PUCCH). In this case, having first repetition, and then staggering would create holes in the frequency domain as shown in an example below, for different 2-symbol puncturing (e.g., symbols 6-7, or 7-8, or 8-9, etc).
[image: ]
With regards to the second question, we do not see the need of having multiple patterns SRS for positioning. One argument that was presented was to randomize interference. However, interference randomization can be achieved by the different scrambling IDs, SRS sequences, different comb types, number of symbol per comb types, etc. Introducing an additional randomization by having multiple RE patterns for the same tuple of symbols and comb type appears unnecessary.  
 Proposal 2: Support the following for the SRS for positioning patterns:
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1} 
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3} 

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

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

	8
	N/A
	N/A
	N/A
	{0,4,2,6,1,5,3,7} 
	N/A



3 SRS for positioning periodicities & offsets.
The following peridocities are support for NR PRS:
· {4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, 20480}
In NR SRS Rel-15, the following periodicities are supported:
· {1, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280}
For multi-RTT purposes, it would be beneficial to have the DL PRS and the UL SRS to be able to have the same periodicity. For this reason we make the following proposal: 
Proposal 3: Support the union of periodicities supported for NR SRS Rel-15 and the NR PRS Rel-16. 
4 SRS for positioning Prioritization & Reporting
An SRS resource for positioning may be colliding with any other SRS resource which is used for UL CSI or DL CSI. Since positioning and UE location typically changes much slower than the DL or UL CSI, it would be beneficial from network perspective, if the serving gNB configures/activates/triggers the SRS for positioning on the same symbols as an SRS resource for a different use-case, the UE to be expected to de-prioritize the SRS for positioning on the colliding symbols.
Proposal 4: When an SRS for positioning collides with an SRS of a different use-case with the same time-domain behaviour (aperiodic, semi-persistent, periodic), the UE prioritizes the other SRS on the colliding OFDM symbols. 
· The UE is not expected to keep phase continuity between the SRS symbols before the collision and the SRS symbols after the collison

Sending an indication to the LMF that such collision occurred would be beneficial, especially for the case of multi-RTT where it consists of measurements happening in both DL and UL. 

It should be noted that there are many cases, that the UE would transmited with lower power than the configured/indicated one, due to Carrier Aggregation Power limitations or Dual Connectivity (DC) or Maximum Permissible Exposure (MPE) (see for example, Section 7.5 in 38.213, where SRS is the lowest priority with respect to the power allocation on the UL). Including in the measurement report, especially for UE Rx-Tx, that the SRS transmissions have either been de-prioritized or have been altered (due to lower power), could enable the LMF to ask from the serving gNB different SRS resources to be configured so that the required QoS are met. The reason that such report should come from the UE and not the serving gNB is because some information may only available at UE (e.g., whether the UE transmitted with lower power than the configured power). 

Proposal 5: For a UE configured to report UE Rx-Tx measurements, the UE may send indication to the LMF in the measurement report, together with a time-stamp and the SRS resource/resource set ID whether any of the following occurred with respect to the SRS transmission:
· Unable to transmit due to collision with DL symbol, or with other UL PHY channel, or due to rf-Retuning on UL or DL
· Transmitted with lower power than the configured due to Carrier Aggregation Power limitations or Dual Connectivity (DC) or Maximum Permissible Exposure (MPE)
5 Conclusion

6 
7 
8 
8.1 
8.2 
8.3 
8.3.1 
8.3.2 
8.3.3 
In this contribution, we make the following proposals:
Proposal 1: The number of bits for sequenceID shall be as many as they are used for the scrambling ID of DL PRS resource. 
Proposal 2: Support the following for the SRS for positioning patterns:
	Number of symbols /
Comb size 
	1
	2
	4
	8
	12

	2
	{0}
	{0, 1}
	{0, 1, 0, 1} 
	 N/A
	N/A

	4
	N/A
	{0, 2}
	{0,2,1,3} 

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

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

	8
	N/A
	N/A
	N/A
	{0,4,2,6,1,5,3,7} 
	N/A



Proposal 3: Support the union of periodicities supported for NR SRS Rel-15 and the NR PRS Rel-16. 
Proposal 4: When an SRS for positioning collides with an SRS of a different usecase with the same time-domain behaviour, the UE prioritizes the other SRS on the colliding OFDM symbols. 
· The UE is not expected to keep phase continuity between the SRS symbols before the collision and the SRS symbols after the collison
[bookmark: _GoBack]
Proposal 5: For a UE configured to report UE Rx-Tx measurements, the UE may send indication to the LMF in the measurement report, together with a time-stamp and the SRS resource/resource set ID whether any of the following occurred with respect to the SRS transmission:
· Unable to transmit due to collision with DL symbol, or with other UL PHY channel, or due to rf-Retuning on UL or DL
· Transmitted with lower power than the configured due to Carrier Aggregation Power limitations or Dual Connectivity (DC) or Maximum Permissible Exposure (MPE)
9 References
[1] R1-1909932, “List of higher layer parameters for NR Positioning”, Intel
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1     3GPP TSG RAN WG1 #9 8                                                             R1 - 1912974   Chongqing, China, 14  –   18 October , 201 9     Agenda item:   7.2.10. 2   Source:    Q ualcomm   Incorporated   Title:     Remaining Details on  UL Reference Signals for NR  Positioning   Document for:   Discussion and D ecision   1.   Introduction   In the last RAN1 meeting (RAN1#9 8 - Bis ) the following agreements were made on UL reference signals:     

Working assumption:   Frequency hopping of SRS for positioning is not supported     Agreement:   An SRS resource for positioning can contain multiple symbols with the same comb offset when the comb size is less than the nu mber of symbols in the SRS resource.  Select at least one of the following options      Option 1: with G consecutive Res. FFS  total number of symbols with respect to comb size      Option 2: with cyclic repetition of the comb pattern when the number of symbols in the resource exceeds the comb size   o   Note: This does not preclude partial or full staggering which needs to be further discus sed     Agreement:   The supported relative RE offsets for combinations of the number of symbols (1,2,4,8,12) and comb sizes (2,4,8) for SRS are g iven in the table below. At least one pattern  for each pair are to be selected from the following options:  

Number o f symbols /   Comb size    1  2  4  8  12  

2    {0}  {0, 1}  FFS: {0, 1, 0, 1}  and/or {0, 0, 1, 1}    N/A  N/A  

4  N/A  {0, 2}  FFS: {0,2,1,3}  and/or {0,1,2,3}   and or {0,2,3,1}  FFS: {0,2,1,3, 0,2,1,3}   and/or {0,1,2,3, 0,1,2,3}   and/or {0,0,1,1,2,2,3,3}  FFS:  {0,2,1,3, 0,2,1,3, 0,2,1,3}   and/or {0,1,2,3, 0,1,2,3,0,1,2,3}   and/or {0,0,0,1,1,1,2,2,2,3,3,3}  

8  N/A  N/A  N/A  FFS: {0,4,2,6,1,5,3,7}    and/or {0,4,1,5,2,6,3,7}   and/or {0,1,2,3,4,5,6,7}    and/or {0,4,6,2,5,7,3,1}    N/A  

  Agreement:      SRS for positioning supports semi persistent configuration with MAC CE activation/deactivation, with SRS for positioning to b e received at the serving cell and  neighbor cell      The aperiodic SRS for positioning is triggered by a DCI   o   There is no impact to Rel - 15 DCI (reuse the triggers in place in rel - 15)   o   The support of the reception of aperiodic SRS for positioning by the neighbor cell, is up to decision by RAN2 and RAN3 workin g groups     Agreement:   For UL SRS for positioning configured with comb size 8, the  number of cyclic shifts is 6  

  1   Number of bits for sequenceId   For DL PRS, at least 4096 are used for the scrambling initialization.  We think that both DL and UL PRS should have the  same number of bits for the scrambing ID to ensure similar randomization acr oss DL and UL.    Proposal  1 :   The number of bits for sequenceID shall be as many as they are used for the scrambling ID of DL PRS  resource.   

