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1. Background 
Following are agreements from RAN2#103bis:
1
Solution proposals should consider at least the following metrics:

-
Mobility robustness

- 
Interruption time

2
Other aspects should also be considered, e.g.

-
Applicable deployment scenarios

-
Signalling overhead

-
Specification effort

-
UE/network complexity

In this document, we are providing our views about various key metrics and analysis that can be used to determine which HO enhancement mechanism is more suitable to meet Rel 16 LTE HO enhancement objectives.  
2. Discussion 
In order to meet the objectives of Rel 16 LTE HO enhancements, following are key HO options that are under consideration by various companies.
Enhanced MBB LTE HO: This is an enhanced version of Rel 14 MBB (make-before-break) HO designed to overcome the limitations of Rel 14 MBB HO design. From network perspective, it assumes non-split bearer architecture and UEs with dual L1/L2 stack & different Rx/Tx chain options. Further details are provided in [2].
DC-based LTE HO: This HO architecture is designed based on LTE dual connectivity frame work by making use of either split or non-split bearers. High level signalling procedure involves:

1) Target eNB addition as secondary eNB (Source eNB acts as Master eNB)

2) Role switch procedure involving configuration of target eNB as new master eNB and source eNB as new secondary eNB.

3) Release of source eNB procedure
In order to decide about which option is better suitable to meet the requirements of Rel 16 LTE mobility enhancements WI, we are going to provide high level analysis of various key metrics agreed during RAN2#103bis.
2.1 Service Interruption time during HO procedure: 
In this sub section, we will provide high level HO interruption time comparison between legacy Rel 8 LTE HO and R16 Enhanced MBB LTE HO.

In Rel 14, LTE HO was enhanced to reduce service interruption time during HO but Rel 14 MBB (Make-before-break) HO and RACH-less HO has many limitations. 
Rel 14 LTE HO has following key limitations:

· Applicable for sync, intra freq, same channel bandwidth between source and target cell 
· Inter-frequency, and async HOs are not supported

· Single UE L2 stack assumed 

· Additional delays due to L2 stack configuration & switching during HO

· Single Tx/Rx chain is assumed & No simultaneous Tx, Rx during HO

· RACH-less HO along with Rel 14 MBB reduces the HO Interruption 

· TA between Source and Target eNB is 0 for RACH-less HO

· 5ms interruption requirement due to UE RF switching delay and not parallel reception assumed
· No coordination between UE and NW on when to stop uplink transmission/ downlink reception with the source cell(s)

· Left upto UE implementation when to initiate re-tuning for connection to the target cell if make-before-break HO is configured.

From [1]:
 5.1.2.1.2.3
Interruption time for make-before-break handover
When intra-frequency make-before-break handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = 5 ms
NOTE:
The same bandwidth of source cell and target cell is assumed.
 5.1.2.1.2.4
Interruption time for combination of make-before-break and RACH-less handover
When intra-frequency combination of make-before-break and RACH-less handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = 5 + TUL_grant ms

Where:

-
TUL_grant = 0 ms if UL grant is provided in RRC command.

-
TUL_grant is the time required to acquire and process uplink grant from the target Pcell if UL grant is not provided in RRC command.
NOTE:
The same bandwidth of source cell and target cell is assumed.
The key issue with Rel 14 MBB HO interruption of upto 5ms is, this is defined by RAN4 as time taken to switch single Rx/single Tx RF chain from source to target eNB (for same frequency, sync & same bandwidth case only) and does not take into account any delays associated with UE RRC processing time and L2 stack reset and reconfiguration. Using single L2/L1 stack UE, from implementation perspective it is not realistic to assume that there is no delay associated with RRC processing and L2 stack reset and reconfiguration. (i.e it is not possible for single stack UE to have simultaneous transmission/reception with both source and target eNB without any L3 processing and L2 stack switching delays). Thus, we believe that there is need to further enhance LTE MBB HO design to reduce service interruption time during HO, it is simple and straight forward to enhance Rel 16 HO procedures based on Rel 14 MBB HO framework.  
We have proposed various key enhancements as part of enhanced MBB HO in [2]. 
R16 Enhanced MBB HO UE is assumed to have dual L2/L1 stack and number of Tx/Rx chains for simultaneous connectivity to both source and target eNB during HO depending on RAN4 feedback. 

In below table, we are providing high level delay comparison between legacy Rel 8 LTE HO vs R16 Enhanced MBB HO enhancements:

Note: Rel 14 MBB HO delays are not realistic and hence not used for delay comparison.
	Component/ Step
	Description
	R8 LTE HO interruption time (ms)
	R16 Enhanced MBB LTE HO interruption time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15
	0

	8
	SN Status Transfer
	0
	0

	9.1
	Target cell search
	0
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	20
	X1

	9.3
	Delay to acquire first available PRACH in target eNB
	0.5/2.5
	X2

	9.4
	PRACH preamble transmission
	1
	X3

	10
	UL Allocation + TA for UE
	3/5
	X4

	11
	UE sends RRC Connection Reconfiguration Complete
	6
	X5

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5
	


Table 1: HO interruption time comparison between Rel 8 LTE HO Vs R16 Enhanced MBB HO.
The delays X1, X2, X3, X4, X5 in table1 depends on whether UE has Dual Rx/Dual Tx, Dual Rx/Single Tx and Single Tx/Single Rx (based on RAN4 work). If we assume Dual Rx/Dual Tx with simultaneous transmission/reception with both source and target eNB during HO execution, it is possible to have X1, X2,X3,X4,X5 delays of ~0ms. For Dual Rx/Single Tx, Single Rx/Single Tx scenario, is it possible to have interruption in the range of 0-5ms depending on sharing common Tx/Rx chain, RF switching delays between source and target eNBs. In step 7, delay associated with RRC Connection Reconfiguration including mobilityControlInfo is considered as 0ms by assuming UE has dual L1/L2 stack.
 Using DC-based HO architecture using split/non-split bearer, it is possible to reduce HO interruption delays when compared with legacy Rel 8 LTE HO interruption time but for split bearer architecture there exists additional interruption delays (especially in DL) while switching anchor PDCP from source to target eNB. 
Observation 1.  Enhanced MBB HO design allows UE to have simultaneous transmission and reception with both source and target eNB during HO execution phase and actual HO interruption time (as close as 0ms) depends on Rx/Tx chain configuration & RF switching delays. 

Observation 2. Using dual L1/L2 stack UE and dual Rx/Dual Tx chain configuration during an eMBB HO, it is possible to have ~0ms HO interruption time.  
Observation 3. Using DC-based HO procedure, it is possible to reduce HO interruption delays when compared with legacy Rel 8 LTE HO & for split bearer architecture there is additional DL interruption time due to switching of Anchor PDCP from source to target eNB and security key change.
2.2 Mobility Robustness: 

Enhanced MBB HO allows UE connected to both source and target eNB simultaneously during HO and provides HO robustness by reducing HO failures (Ex: RLF during HO etc) and fast HO failure recovery methods. Following simple enhancements can be considered  
· Signaling enhancements to indicate HO failure to Source eNB so that Source eNB can continue scheduling data for UE (helps to reduce HO ping-pong signaling as well)
· If Source eNB Connection is active and HO to Target eNB fails, do not declare RLF and do not perform RRC Connection Reestablishment procedure
· UE to provide HO Failure Indication to Source eNB
· If Source eNB link is lost and HO to Target eNB fails, then declare RLF & perform RRC Connection Reestablishment procedure
· Consider Hybrid combination of Dual Stack UE based HO + Conditional HO to further improve reliability and to reduce HO latency (as specified in [4])
It is possible to specify additional HO signaling enhancements to further improve HO robustness and can be discussed further as we get into work item discussion phase.
Using DC-based HO, it is possible to have simultaneous transmission/reception with both source and target eNB and above mentioned mobility robustness enhancements are also applicable for DC-based HO. Due to additional signalling procedures involved in DC-based HO, there is possibility of additional HO failure scenarios when compared with Enhanced MBB HO procedure.

Observation 4. Enhanced MBB HO signalling design allows robust mobility and further HO signalling reliability can be achieved by using conditional HO together with enhanced MBB HO mechanism.   
2.3 Signalling Overhead:

Enhanced MBB HO signalling as specified in [2] and is very much similar to the legacy Rel 8 LTE HO and Rel 14 LTE MBB HO. There is not too much additional HO signalling overhead.

DC-based HO signalling involves following 
· Target eNB addition as secondary eNB (Source eNB acts as Master eNB)
· Role switch procedure involving configuration of target eNB as new master eNB and source eNB as new secondary eNB.
· Release of source eNB 
Additional signalling steps for DC-based HO also causes more delays in HO procedures.

Observation 5. Enhanced MBB HO signalling overhead is lower than DC-based HO.    
Observation 6. For DC-based HO, additional signalling (due to role changes procedures) causes additional latency for HO execution 
2.4 Specification Impact:

Rel 14 LTE MBB HO framework is already defined. Rel 16 proposed enhanced MBB HO is expected to leverage lot of existing Rel 14 HO signalling frame work. For using non-split bearer architecture for enhanced MBB HO, some changes required for PDCP specification to handle dual security keys but it is not complex when compared to split bearer architecture (which requires key change indications and there exists security key ambiguity when ping-pong HO happens)
Observation 7. Enhanced MBB HO design re-uses lot of rel-14 based MBB HO signalling and specification impact is much simpler than DC-based HO design.   
Observation 8. Adopting non-split bearer architecture for enhanced MBB HO design avoids the security key change ambiguity during HO and avoids specification change for security key ambiguity handling.
2.5 Deployment scenarios:

In commercial LTE networks, Dual Connectivity is not deployed by any operator as of now. Also, DC-based HO signalling is more complicated than Enhanced MBB HO. 
Enhanced MBB HO is suitable for both homogeneous deployment (i.e macro only or small cell only inter eNB deployment case (Non-Collocated cell edge overlap deployment), heterogeneous deployment (macro + small cell co-located overlapping coverage deployment).

LTE DC was primarily designed for inter eNB CA purpose. In case of homogeneous deployment, where inter-eNB coverage overlap is limited to edge cell scenario, there is no additional benefit of DC-based HO when compared to enhanced MBB HO. DC-based HO is more suitable for heterogeneous deployment scenario.

Considering both homogeneous and heterogeneous deployment scenarios, Enhanced MBB HO is more suitable for wide range of today’s commercial LTE deployments.
Observation 9. Enhanced MBB HO is applicable for both homogeneous & heterogeneous deployments  
2.6 UE/Network Complexity: 

Overall enhanced MBB HO upper layer design and complexity of signalling is simpler than DC-based HO procedure because enhanced MBB HO does not require role switch complexity, security keys ambiguity and split bearer switching procedure are not involved. RF and Layer 1 complexity is expected to be same for both enhanced MBB HO and DC-based HO.
Observation 10. For Enhanced MBB HO, both UE and Network upper layer design will have less complexity than DC-based HO. UE RF design complexity is expected to be same for both enhanced MBB HO and DC-based HO methods. 

Following table 2 summarizes various metrics discussed in this paper.

	Metric
	Enhanced MBB HO Architecture
	DC-based HO Architecture

	Service interruption time during HO
	Using Non-split bearer architecture, it is possible to have close to 0ms HO interruption time & actual interruption time varies based on the number of Rx/Tx chains supported.
	Using Non-split bearer architecture, it is possible to have close to 0ms HO interruption time & actual interruption time variesbased on the number of of Rx/Tx chains supported.
Using split bearer, additional DL delays may be incurred while switching PDCP anchor from source to target eNB.

	Mobility robustness
	Mobility robustness enhancements are possible and additional robustness can be achieved by using conditional HO method.
	Mobility robustness enhancements are possible and additional robustness can be achieved by using conditional HO method.

	Signalling overhead
	Low complexity of overall signalling
	More signalling complexity due to additional role switch procedure , split bearer switching procedure. 

	Specification impact
	Minimal specification impact than DC based HO
	More specification impact than enhanced MBB HO to specify the additional role switch procedure, split bearer switching procedure, security key ambiguity resolution.

	Deployment scenario
	Suitable for both homogeneous (cell edge coverage overlapping) and heterogeneous (full coverage overlapping) deployment scenarios.
	More beneficial for heterogeneous coverage deployment than homogeneous cell edge overlapping coverage deployment scenarios.

	UE/Network complexity
	Lower complexity than DC-based HO architecture
	More complexity than enhanced MBB HO architecture to handle the additional role switch procedure, split bearer switching procedure, security key ambiguity resolution.


Table 2: summary of high level key metrics comparison between Enhanced MBB HO Vs DC-based HO Architecture.

Thus, we propose enhanced MBB HO is natural choice to meet Rel 16 mobility enhancements objectives.   

Proposal 1. Adopt enhanced MBB HO mechanism as key design to meet Rel 16 LTE mobility enhancement requirements.  
3. Conclusion

In this contribution, we discussed various proposals about how to enhance R16 LTE HO procedures to reduce HO interruption latency close to 0ms and to improve HO robustness. 
Observation 1.
Enhanced MBB HO design allows UE to have simultaneous transmission and reception with both source and target eNB during HO execution phase and actual HO interruption time (as close as 0ms) depends on Rx/Tx chain configuration & RF switching delays.
Observation 2.
Using dual L1/L2 stack UE and dual Rx/Dual Tx chain configuration during an eMBB HO, it is possible to have ~0ms HO interruption time.
Observation 3.
Using DC-based HO procedure, it is possible to reduce HO interruption delays when compared with legacy Rel 8 LTE HO & for split bearer architecture there is additional DL interruption time due to switching of Anchor PDCP from source to target eNB and security key change.
Observation 4.
Enhanced MBB HO signalling design allows robust mobility and further HO signalling reliability can be achieved by using conditional HO together with enhanced MBB HO mechanism.
Observation 5.
Enhanced MBB HO signalling overhead is lower than DC-based HO.
Observation 6.
For DC-based HO, additional signalling (due to role changes procedures) causes additional latency for HO execution
Observation 7.
Enhanced MBB HO design re-uses lot of rel-14 based MBB HO signalling and specification impact is much simpler than DC-based HO design.
Observation 8.
Adopting non-split bearer architecture for enhanced MBB HO design avoids the security key change ambiguity during HO and avoids specification change for security key ambiguity handling.
Observation 9.
Enhanced MBB HO is applicable for both homogeneous & heterogeneous deployments
Observation 10.
For Enhanced MBB HO, both UE and Network upper layer design will have less complexity than DC-based HO. UE RF design complexity is expected to be same for both enhanced MBB HO and DC-based HO methods.
Following table  summarizes various metrics discussed in this paper.

	Metric
	Enhanced MBB HO Architecture
	DC-based HO Architecture

	Service interruption time during HO
	Using Non-split bearer architecture, it is possible to have close to 0ms HO interruption time & actual interruption time varies based on the number of Rx/Tx chains supported.
	Using Non-split bearer architecture, it is possible to have close to 0ms HO interruption time & actual interruption time variesbased on the number of of Rx/Tx chains supported.

Using split bearer, additional DL delays may be incurred while switching PDCP anchor from source to target eNB.

	Mobility robustness
	Mobility robustness enhancements are possible and additional robustness can be achieved by using conditional HO method.
	Mobility robustness enhancements are possible and additional robustness can be achieved by using conditional HO method.

	Signalling overhead
	Low complexity of overall signalling
	More signalling complexity due to additional role switch procedure , split bearer switching procedure. 

	Specification impact
	Minimal specification impact than DC based HO
	More specification impact than enhanced MBB HO to specify the additional role switch procedure, split bearer switching procedure, security key ambiguity resolution.

	Deployment scenario
	Suitable for both homogeneous (cell edge coverage overlapping) and heterogeneous (full coverage overlapping) deployment scenarios.
	More beneficial for heterogeneous coverage deployment than homogeneous cell edge overlapping coverage deployment scenarios.

	UE/Network complexity
	Lower complexity than DC-based HO architecture
	More complexity than enhanced MBB HO architecture to handle the additional role switch procedure, split bearer switching procedure, security key ambiguity resolution.


Thus, we propose enhanced MBB HO is natural choice to meet Rel 16 mobility enhancements objectives.


Proposal 1.
Adopt enhanced MBB HO mechanism as key design to meet Rel 16 LTE mobility enhancement requirements.
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