3GPP TSG-RAN WG4 Meeting #92	R4-1908478
Ljubljana, Slovenia, 26 – 30 August, 2019


Agenda item:	8.13.1
Source: 	Qualcomm Incorporated
Title: 	On Conditional HO in LTE FeMob
Document for:	Discussion
Introduction
In the previous RAN4#91 meeting, the following were noted in Way Forward, but not agreed, on conditional HO (CHO) [1]:
The handover delay DCHO in CHO is defined from the time when handover condition is met to the time when the first PRACH preamble is transmitted. The interpretation of “handover condition is met” is:
	option 1: the time when actual channel condition is satisfied (before UE realizes).
	option 2: the time when UE realizes the condition is satisfied and HO is executed.
If option 1 is agreeable, then
DCHO = Ttrigger + Tinterrupt_CHO
Where:
· Ttrigger: is the delay from the time when condition is met to HO is actually executed:
	 Ttrigger = TRRC, 1 + Tmeasure + TTTT	
	TRRC, 1 : CHO command RRC procedure delay. TRRC, 1 =0 if the time from when the CHO 		command until the time when the condition is met > RRC procedure delay, 		otherwise TRRC, 1 = RRC procedure delay- (time from CHO command until 		the condition is met) 
	Tmeasure: measurement cycle on the target frequency layer
 	TTTT: length of time-to-trigger window if configured
· Tinterrupt_CHO: is the interruption time from HO is executed to the first PRACH preamble is sent to the target cell:
	 Tinterrupt_CHO = TRRC_2 + Tinterrupt
	TRRC_2: time to disconnect with the source cell, e.g. stop timer if running, release UL data compression configuration and etc 
	Tinterrupt = Tsearch + TIU + 20 (same as legacy definition, where Tsearch may not be needed if CHO to unknown target cell is not supported according to other working group)


In this paper, we discuss options 1 and 2 for the definition of HO delay and provide further input on the breakdown of RRC processing delay into two segments. 
Discussion
Figure 1 illustrates the timeline for CHO based on our previous paper [2]. Upon reception of RRC command for CHO, some initial processing such as message validation and queueing of candidate target cell(s) measurements are executed which is captured by TRRC,1 processing time. During this time or sometime after, the HO condition is met (Figure 1 shows this event occurring after TRRC,1 with red dashed line). However, there is a delay between the HO condition being met and UE realizing it (shown in Figure 1 with green line) which is captured by Tmeasure. At this time, UE can execute the remaining portion of RRC processing within TRRC,2. After completion of RRC processing window, the interruption window begins which contains UE processing and TIU ; equalling the uncertainty in acquiring the first available PRACH occasion on the target cell. It is assumed that the target cell is known in CHO and hence . Whether unknown cell(s) can be configured for CHO is still FFS. 



Figure 1 CHO timeline

In [1], two options are listed for starting point of . Option 1 and 2 correspond to the red and green dashed lines in Figure 1, respectively, with the difference being approximately equal to Tmeasure. The measurement period, Tmeasure, can be up to 200ms in intra-frequency HO (clause 8.1.2.2 of TS 36.133) and 480ms in inter-frequency HO (clause 8.1.2.3 of TS 36.133). Including Tmeasure in  significantly prolongs the HO delay compared to legacy HO delays (~ 50ms) although it can be argued that the CHO command is sent to UE much earlier compared to legacy HO. One advantage of including Tmeasure in  (option 1) is that it is easier to test as in the typical controlled test environments, the timestamp when the HO condition is met can be precisely set whereas the point in which UE realizes the condition is met (option 2) is not accurately known to the test equipment and can be narrowed down to within a range.
Observation 1. Defining the start point of the CHO delay as the time when the condition is met prolongs the CHO delay by Tmeasure, which can be at least 200ms in intra-frequency HO (clause 8.1.2.2 of TS 36.133) and 480ms in inter-frequency HO (clause 8.1.2.3 of TS 36.133).
Observation 2. One advantage of including Tmeasure in  (option 1) is that it is easier to test as in the typical controlled test environments, the timestamp when the HO condition is met can be precisely set whereas the point in which UE realizes the condition is met (option 2) is not accurately known to the test equipment and can be narrowed down to within a range.
In option 2, however, it is possible to backtrace the starting point of CHO delay in a test setup from the moment UE sends PRACH to the test equipment (TE). Since the PRACH timestamp is known, it is possible to count the number of subframes that UE takes an interruption and ensure that this period is not larger than TRRC_2 + Tinterrupt . 
Observation 3. In option 2, however, it is possible to backtrace the starting point of CHO delay in a test setup from the moment UE sends PRACH to the test equipment (TE). Since the PRACH timestamp is known, it is possible to count the number of preceding subframes that UE takes an interruption and ensure that this period is not larger than TRRC_2 + Tinterrupt . 
Both options are possible to test and there does not seem to be a major advantage of one over the other. However, option 1 does follow the existing frameworks and test procedures defined in legacy features. While we have no strong view, we propose option 1 to be adopted. 
Proposal 1. RAN4 to adopt option 1 for definition of CHO delay.
As discussed in [2], in our view, the RRC processing delay should be broken into two segments in CHO and cannot be considered to be completely exhausted upon the receipt of the RRC command. Clause 5.3.5.4 of [3] lists all the actions UE shall take upon receipt of the RRCConnectionReconfiguration related to legacy HO. The delay corresponding to message validation and execution of some of the steps listed in clause 5.3.5.4 should be included and accounted from the end of the last TTI containing the RRC command. However, many steps in this clause cannot be executed until the first condition specified in the CHO command is met since:
· only in that instance of time the identity of the target cell is known
· UE can prematurely declare RLF if some of the steps are executed as it is possible that the conditions configured in CHO command are never met

The following lists some of the steps that can only be executed after condition for HO is met:
1. Stop timers (T310, T312, T370) if running 
2. If timer T309 is running, stop it and alleviate access barring
3. Acquire the MasterInformationBlock in the target PCell
4. Release UL data compression configuration 
5. PDCP re-establishment as needed
6. Apply the SCell configuration at the target cell (activation/deactivation/dormant) 
7. Apply the value of the newUE-Identity as the C-RNTI
8. Apply the radio configuration procedure (both the common and the dedicated configuration) 
9. Perform lower layers configuration 
10. Perform SCell release at the source cell if exit
11. Perform SCG reconfiguration if configured for the target cell 
12. Derive security Key or update existing ones as needed 
13. If EN-DC is configured, EN-DC release to be performed
14. Apply NR RRC Reconfiguration (as a secondary group) if provided 
15. Perform the measurement related actions
16. Perform the measurement identity autonomous removal as specified in 5.5.2.2a of [3]
17. Release reportProximityConfig and clear any associated proximity status reporting timer
18. Perform the dedicated WLAN offload configuration procedure
19. Release LWA / LWIP configuration if configured at source cell
20. Configure LWA / LWIP configuration if provided at target cell
21. Perform the V2X sidelink communication dedicated configuration procedure if provided

Observation 4. Many steps in clause 5.3.5.4 [3] cannot be executed until the first condition specified in the conditional HO command is met since:
· only in that instance of time the identity of the target cell is known 
· UE can prematurely declare RLF if some of the steps are executed as it is possible that the conditions configured in CHO command are never met

In our view, except for few steps such as message validation, queuing target cell candidates for measurements, and handling of some timers, the majority of steps and actions that UE needs to take can only happen when the condition is met as outlined above. Hence, we propose to split the RRC processing as TRRC_1  = [2] ms and TRRC_2 = [13] ms. 
Proposal 2. Except for few steps such as message validation, queuing target cell candidates for measurements, and handling of some timers, the majority of steps and actions that UE needs to take can only happen when the condition is met as outlined above. Hence, it is proposed to split the RRC processing as TRRC_1  = [2] ms and TRRC_2 = [13] ms. 
Conclusions
Observation 1. Defining the start point of the CHO delay as the time when the condition is met prolongs the CHO delay by Tmeasure, which can be at least 200ms in intra-frequency HO (clause 8.1.2.2 of TS 36.133) and 480ms in inter-frequency HO (clause 8.1.2.3 of TS 36.133).
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