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Discussion and decision
1 Introduction

Based on [1], one of SI scope is to:

· Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.

From RAN2 perspective, we should focus on how to reduce the latency, improve network/device efficiency from procedure perspective. 
In this contribution, we analyze the E2E latency based on Rel-16 RAT dependent positioning method, and provide our view on how to reduce the latency from RAN2 perspective.
2 Discussion

Below is the procedure for NR Multi-RTT (Rel-16 RAT dependent positioning method), citied from TS38.305:
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Latency analysis:
Before LPP procedure between UE and LMF, for MT-LR, there are procedures between LCS client, GMLC and AMF to trigger the positioning for the UE as shown in Annex; 
Considering the latency of the procedures between LCS client, GMLC, AMF for triggering the positioning is tightly related to deployment and out of RAN scope. The delay analysis in this contribution does not consider these procedures, and only count the procedures between UE, LMF, AMF and gNB. 
Proposal 1: The E2E latency analysis/optimization in RAN should only consider the procedure between UE, LMF, AMF and gNB. 

Table 1 Latency analysis on Rel-16 NR positioning (based on Multi-RTT)
	Step
	Descriptions
	Latency

	A: IDLE to CONNECTED
	This is for the case, the UE was in IDLE, and need to move to CONNECTED first before triggering the positioning procedure. 
	Compared with B INACTIVE to CONNECTED, there are  additional delay caused by 1 RRCReconfig+SMC = T UE processing (10-15ms) 
2 Initiate NAS = 2*T gNB processing (2*3ms) + TAMF processing + 2*T-AMF-gNB
The maximum latency (RAN) = 39.5 ms;

The minimum latency (RAN) =  27.3 ms;

.

	B: INACTIVE to CONNECTED
	This is for the case, the UE was in INACTIVE, and need to move to CONNECTED first before triggering the positioning procedure.
	[3] the latency is different for different configuration/deployment. 
The maximum latency = 18.5 ms;

The minimum latency =  11.3 ms;

Note: If 2 step RACH is used, roughly additional 2ms can be reduced;

	Step 1: LPP capability transfer
	LPP RequestCapabilities – NAS DL NAS TRANSPORT- RRC DLInformationTransfer;

LPP ProvideCapabilities - NAS UL NAS TRANSPORT- RRC ULInformationTransfer;
	Max T-LPPCapabilityExchange 

 T-RRCCapability (80ms) +  2*T-AMF-gNB + 2*T-AMF-LMF;



	Step 2/3/3a/4: UE SRS configuration
	NRPPa POSITIONING INFORMATION REQUEST- RRCReconfiguration;

NRPPa POSITIONING INFORMATION RESPONSE- RRCReconfigurationComplete;


	Max T-UESRSConfig 

T-RRCReconfig (10ms) +  2*T-AMF-gNB + 2*T-AMF-LMF;

	Step 5/5a: SRS activation procedure
	NRPPa Request UE SRS activation- MAC CE;
	Max T-UESRSActivation 

T-UEMAC (1ms) + 1*T-AMF-gNB +  1*T-AMF-LMF;

	Step 6: NRPPa measurement request to measured gNB
	NRPPa measurement request to measured gNB
	Not counted since it may be overlapping with other steps, e.g. SRS activation/LPP provide assistance data, etc;

	Step 7: LPP provide assistance data
	LPP ProvideAssistanceData – NAS DL NAS TRANSPORT- RRC DLInformationTransfer;
	Max T-LPPAD 

T-RRCLPP (10ms) + 1*T-AMF-gNB +  1*T-AMF-LMF;

	Step 8-10: LPP Request Location procedure, including the UE measurement
	LPP RequestLocationInformation – NAS DL NAS TRANSPORT- RRC DLInformationTransfer;

LPP ProvideLocationInformation - NAS UL NAS TRANSPORT- RRC ULInformationTransfer;


	Max T-LPPLocation

T-RRCLPP (10ms) + TUEMeas + 2*T-AMF-gNB + 2*T-AMF-LMF;

	Note 0: 80ms refer to NR RRC capability exchange procedure since for RAT dependent positioning, bandcombination related capabilities were introduced, e.g. DL PRS Resources for DL AoD/Multi-RTT/DL-TDOA on a band combination;

Note 1: The latency between gNB, AMF and LMF depends on backhaul situation and processing capability of them;

Note 2: Step2/3/3a and step 7 may be handled simultaneously;

Note 3: Scheduling time is not counted;

Note 4: 9b TgNBmeas should be shorter than TUE meas, and therefore are not counted;
Note 5: The procedures between LCS client, GMLC and AMF to trigger the positioning for the UE are not counted in the analysis.


Proposal 2: Capture the table 1 on delay analysis in the TR;
In RAN1#101-e, regarding the latency requirement, RAN1 agreed:

	Agreement:
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:

· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:

· Horizontal position accuracy (< X m) for [90%] of UEs

· X = [0.2 or 0.5] m

· Vertical position accuracy (< Y m) for [90%] of UEs

· Y = [0.2 or 1] m

· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])

· FFS: Physical layer latency for position estimation of UE (< [10ms])

· Note: Target positioning requirements may not necessarily be reached for all scenarios



Based on the table 1: 
E2E latency assumption 1: E2E latency is the latency from the LMF triggers the LPP procedure to the UE provides the measurement results: 

· The maximum E2E latency could be 110ms (CONNECTED), 149.5ms (IDLE) and 128.5ms (INACTIVE) from RRC/LPP processing delay perspective if we do not consider the delay between AMF, LMF and gNB, AMF processing delay and if we do not consider UE measurement delay. Therefore it is quite challenging to meet the E2E latency for commercial use cases, and more challenging for IIoT use cases. 
E2E latency assumption 2: E2E latency is the latency that the UE provides the measurement results, i.e. LPP procedure for capability/assistance data are not counted, e.g. for the  periodic measurement reporting: 

· The maximum E2E latency for CONNECTED mode UE is almost the TUEMeas if we do not consider the delay between AMF, LMF and gNB. The main work to reduce TUEMeas should be done in RAN1. However if the UE was in IDLE or INACTIVE state when performing the measurement, additional transition time is needed to send the measurement results.
·  If the UE needs to transit to CONNECTED mode first before sending the measurement results, maximum additional 39.5ms (AMF processing delay, transmission delay between gNB and AMF are not counted) is needed for IDLE UE, and 18.5ms is needed for Inactive UE;

· If the UE does not need to transit to CONNECTED mode before sending the measurement results, that can reduce the transition latency. But it is related to SDT discussion. 
Proposal 3: The latency of E2E assumption 1 cannot meet the Rel-17 E2E latency requirement. The latency of  E2E assumption 2 cannot meet some of the Rel-17 E2E latency requirement, esp, for IDLE/INACTIVE UE. 

Considering both one shot and periodic location reports should be supported, we need to consider how to reduce the E2E latency from whole procedure perspective. 
Proposal 4: In term of latency reduction, RAN2 should focus on the E2E latency assumption 1 in Rel-17, i.e. the latency from the LMF triggers the LPP procedure to the UE provides the measurement results. 

To reduce the latency, the potential way could be

· Alternative 1: to reduce the procedures, e.g. skip the capability exchange procedure, assistance data procedure, etc;
· Alternative 2: reduce the number of hops between gNB, AMF and LMF, e.g. Local NR positioning in NG-RAN; 

Note: Alternative 1 and 2 are independent, can be implemented together,

Regarding alternative 2, SA2 clarified in their LS [2], 
	· Requirements for positioning service with very low latency (e.g. 10 ms and <15 ms) and high accuracy (e.g. <1m and <0.3m), are defined in Table 7.3.2.2-1 of TS 22.261. 
· However, in SA2, there is no consensus on quantitative evaluation of the latency reduction for the approaches documented in TR 23.731 for key issue #3.


Therefore we should not spend time on alternative 2, and could just wait for SA2. Alternative 1 is under RAN2 control, and should be discussed in RAN2 first. 
Proposal 5: To reduce the E2E latency, RAN2 should focus on how/whether to reduce the procedures, e.g. skip capability exchange procedure, assistance data procedure, etc. 

3 Conclusion
Based on the discussion, we have following proposals:
Proposal 1: The E2E latency analysis/optimization in RAN should only consider the procedure between UE, LMF, AMF and gNB. 

Proposal 2: Capture the table 1 on delay analysis in the TR;

Proposal 3: The latency of E2E assumption 1 cannot meet the Rel-17 E2E latency requirement. The latency of  E2E assumption 2 cannot meet some of the Rel-17 E2E latency requirement, esp, for IDLE/INACTIVE UE. 

Proposal 4: In term of latency reduction, RAN2 should focus on the E2E latency assumption 1 in Rel-17, i.e. the latency from the LMF triggers the LPP procedure to the UE provides the measurement results. 

Proposal 5: To reduce the E2E latency, RAN2 should focus on how/whether to reduce the procedures, e.g. skip capability exchange procedure, assistance data procedure, etc. 
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5 Annex 

5.1 TS38.331
	Procedure title:
	Network -> UE
	UE -> Network
	VValue [ms]
	Notes

	RRC Connection Control Procedures

	RRC reconfiguration


	RRCReconfiguration
	RRCReconfigurationComplete
	10
	

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	80
	N = 80 applies in case the UE has to report at least one of the following UE capabilities.

- MR-DC band combinations.

- NR band combinations

- EUTRA feature sets


5.2 TS23.273
6.1.2
5GC-MT-LR Procedure for the commercial location service

Figure 6.1.2-1 illustrates the general network positioning requested by the LCS clients or the AF external to the PLMN. In this scenario, it is assumed that the target UE may be identified using an SUPI or GPSI. This procedure is applicable to a request from an external LCS client or AF for a current location of the target UE, and it is assumed that

-
Privacy verification may be required for the location service request;

-
The LCS client or the AF needs to be authorised to use the location service.


[image: image2.emf] 

U E  

NG - RAN  

AMF  

LMF  

VGM L C  

HGM L C  

UDM   External  Client  

1a.  L CS   Service Request  

2.   Nudm_SDM_Get  

3.   Nudm_UECM_Get  

5.   Namf_Location_Provide PositioningInfo   Request  

6 .   N etwork Triggered Service Request  

11.   Nlmf_Location_DetermineLocation Request  

1 2 . UE Positioning  

1 3 .  Nlmf_Location_DetermineLocation Response  

1 4 . Namf_Location_Provide Positioni ng Info   Response  

2 4 a.  L CS   Service Re sponse  

NEF  

A F  

1b - 1 .  L CS   Service Request  

2 4 b - 1 .  Ngmlc_ Locati on_ ProvideLocation Response  

4.   Ngmlc_ Location_ ProvideLocation Request  

1 5 .  Ngmlc _ Location_ ProvideLocation Response  

10 . LMF Selectio n  

1b - 2.  Ngmlc_ Location_ ProvideLocation Request  

7. NAS Location Notificati on Invoke Request  

8. NAS Location Notification  Return Result  

1 6 . Privacy Check  

1 7 . Ngmlc_ Location_ ProvideLocation Request  

18.   Namf_Location_ProvidePositioningInfo Request  

1 9 .  N etwork Triggered Service Request  

20 . NAS Location Notification Invoke Request  

2 1 . NAS Locati on Notification Return Result  

2 2 .Namf_Location_ProvidePositioning Response  

2 3 . Ngmlc_ Location_ ProvideLocation Response  

2 4 b - 2.  L CS   Service  Re sponse  

9. Nudm_ ParameterProvision _Update  


Figure 6.1.2-1: 5GC-MT-LR Procedure for the commercial location services
6.2
5GC-MO-LR Procedure
Figure 6.2-1 illustrates the general network positioning requested by the UE to the serving PLMN for obtaining the location related information of itself.
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Figure 6.2-1: 5GC-MO-LR Procedure

5.3 TR37.910

5.3.1.1 5.7.2.1
NR
For NR Rel-15, control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED state. Figure 5.7.2.1-1 provides an example control plane flow for NR Rel-15.

[image: image4]
Figure 5.7.2.1-1 C-plane procedure (example for NR Rel-15)

Table 5.7.2.1-1 Assumption of C-plane procedure for NR
	Step
	Description
	CP Latency for UL data transfer 

[ms]

	1
	Delay due to RACH scheduling period (1TTI)
	0

	2
	Transmission of RACH Preamble
	Length of the preamble according to the PRACH format as specified in [6  38.211] 

	3
	Preamble detection and processing in gNB



	Tproc,2 (assuming d2,1=0) 

	4
	Transmission of RA response
	Ts (the length of 1 slot / non-slot)

NOTE: the length of 1 slot or 1 non-slot include PDCCH and PDSCH (the first OFDM symbol of PDSCH is frequency multiplexed with PDCCH).

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Resume Request)
	 NT,1+NT,2+0.5 ms

	6
	Transmission of RRC Resume Request
	Ts (the length of 1 slot / non-slot)

NOTE: the length of 1 slot or 1 non-slot is equal to PUSCH allocation length.

	7
	Processing delay in gNB (L2 and RRC)
	3

	8
	Transmission of RRC Resume
	Ts (the length of 1 slot / non-slot)

	9
	Processing delay in UE of RRC Resume including grant reception
	7

	10
	Transmission of RRC Resume Complete and UP data 
	0

	Notes:

1.
For step 1, the procedure for transition from a most “battery efficient” state has yet not begun, hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
2.
For step 3, the value of Tproc,2  is used only for evaluation. gNB processing delay may vary depending on implementation.
3.
For step 5, the latency of NT,1+NT,2+0.5ms is used according to Section 8.3 of TS 38.213. NT,1 is a time duration of N1 symbols corresponding to a PDSCH reception time for PDSCH processing capability 1 when additional PDSCH DM-RS is configured; and NT,2 is a time duration of N2 symbols corresponding to a PUSCH preparation time for PUSCH processing capability 1. The value of N1 and N2 are shown in Table 5.3-1 and Table 6.4-1 of TS38.214, respectively..
4.
For step 7, the processing delay in gNB (L2 and RRC) has been reduced to 3 ms. The delays due to inside-gNB or inter-gNB communication are not included in Step 7. Such delays may exist depending on deployment, but are not within the scope of this evaluation. 
5.
For step 9 for UL data transfer, the processing delay in the UE (L2 and RRC) is considered, i.e., from reception of RRC Connection Resume to the reception of UL grant. The transmission of UL grant by gNB and processing delay in the UE (processing of UL grant and preparing for UL tx) are also considered. The RRCConnectionResume message only includes MAC and PHY configuration. No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. Further, the UL grant for transmission of RRC Connection Resume Complete and the data is transmitted over common search space with DCI format 0.
6.
For step 10, the beginning of this subframe is considered to be "the start of continuous data transfer", hence this step is not relevant for the latency of the procedure which is illustrated by a '0' in the above.
7.
For the case of a TDD band (30 kHz SCS) with an SUL band (15 kHz SCS), the sub-carrier spacing of 15 kHz that results in larger delay is used in evaluating the latency for Step 3 and 5.


5.4 TR36.912

B.1    C-plane latency
B.1.1    Transition IDLE to CONNECTED
Figure B.1 provides an example C-plane flow for the IDLE to CONNECTED transition for Rel-8.
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Figure B.1.1-1: C-plane activation procedure (example for Rel-8)
B.1.1.1   FDD frame structure

Table B.1.1.1-1 provides a timing analysis, assuming FDD frame structure, of the flow depicted in Figure B.1.1-1. The analysis illustrates that the state transition from IDLE to CONNECTED can be achieved within a minimum of 76ms, with 3ms msg2 window and 1ms PRACH cycle. Considering more reasonable settings (5ms msg2 window and 5ms PRACH cycle), a 80ms transition time is achieved.
Table B.1.1.1-1: C-plane latency analysis for Rel-8 
(based on the procedure depicted in Figure B.1.1-1)

	Component
	Description
	Minimum

[ms]
	Average 

[ms]

	· 1
	· Average delay due to RACH scheduling period
	· 0.5
	· 2.5

	· 2
	· RACH Preamble
	· 1
	· 1

	· 3-4
	· Preamble detection and transmission of RA response (Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	· 3
	· 5

	· 5
	· UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	· 5
	· 5

	· 6
	· Transmission of RRC Connection Request
	· 1
	· 1

	· 7
	· Processing delay in eNB (L2 and RRC)
	· 4
	· 4

	· 8
	· Transmission of RRC Connection Set-up (and UL grant)
	· 1
	· 1

	· 9
	· Processing delay in the UE (L2 and RRC)
	· 15
	· 15

	· 10
	· Transmission of RRC Connection Set-up complete (including NAS Service Request)
	· 1
	· 1

	· 11
	· Processing delay in eNB (Uu –> S1-C)
	· 4
	· 4

	· 12
	· S1-C Transfer delay
	· T_S1
	· T_S1

	· 13
	· MME Processing Delay (including UE context retrieval of 10ms)
	· 15
	· 15

	· 14
	· S1-C Transfer delay
	· T_S1
	· T_S1

	· 15
	· Processing delay in eNB (S1-C –> Uu)
	· 4
	· 4

	· 16
	· Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	· 1.5
	· 1.5

	· 17
	· Processing delay in UE (L2 and RRC)
	· 20
	· 20

	· 
	· Total delay [ms]
	· 76
	· 80
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