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1      Introduction

This is the report of email discussion [105#57]:

[105#57][LTE/feMOB]  UE and network side impacts of single/dual protocol stacks (ZTE)

· Discuss the impacts to both UE and network if we use single or dual protocol stack. Identify and compare the impacts in both cases. 


Intended outcome: Email discussion report


Deadline: Thursday 21/03/2019

2      Discussion 

2.1 Definitions of single/dual active protocol stacks 

The definitions in this section are the ones agreed in [1], with the addition of one more alternative ("Option 0") for the single active protocol stack case.

2.1.1 Single Active protocol stack - Option 0

In this case transmission/reception is stopped in the source cell after reception of a valid RAR in the target cell.

Differently from other options, in this case there is always one single PDCP/RLC entity in the UE (PDCP/RLC re-establishment is performed before transmitting/ receiving data in the target cell).
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Before HO: 

· Only source protocol, and source key is used;

Before RACH (has received HO command): 

· Establish target PHY and MAC, and store the target key; 
· But only source protocol, and source key is used;
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During the RACH: (Msg1 preamble & Msg2 RAR)

· Source protocol, and source key is used for reception/transmission data from source, and 

· Target PHY and MAC is used to perform the RACH procedure in target;

After Reception of RAR:

· Source PHY and MAC is deleted; and
· PDCP and RLC is re-established and target key is used.

2.1.2 Single Active protocol stack - Option 1

In this case transmission/reception is stopped in the source cell after reception of RAR in the target cell.
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Before HO: 

· Only source protocol, and source key is used;

Before RACH (has received HO command): 

· Both source protocol (source key) and target protocol (target key) exist; 

· But only source protocol, and source key is used;
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During the RACH: (Msg1 preamble & Msg2 RAR)

· Both source protocol (source key) and target protocol (target key) exist; 

· Source protocol, and source key is used for reception/transmission data from source, and 

· Target PHY and MAC is used to perform the RACH procedure in target;

After Reception of RAR:

· Source protocol (source key) is deleted; and 

· Only target protocol, and target key is used.

2.1.3 Single Active protocol stack - Option 2

In this case transmission/reception is stopped in the source cell after transmission of HO complete (RCConnectionReconfigurationComplete) in the source cell.
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Before HO: 

· Only source protocol, and source key is used;

Before RACH (has received HO command): 

· Both source protocol (source key) and target protocol (target key) exist; 

· But only source protocol, and source key is used;
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During the RACH: (Msg1 preamble & Msg2 RAR)

· Both source protocol (source key) and target protocol (target key) exist; 

· Source protocol, and source key is used for reception/transmission data from source, and 

· Target PHY and MAC is used to perform the RACH procedure in target;

During the transmission of HO complete (RRCConnectionReconfigurationComplete): (Msg 3)

· Both source protocol (source key) and target protocol (target key) exist; 

· Source protocol, and source key is used for reception/transmission data from source, and 

· Target PHY, MAC, RLC and SRB PDCP (using target security key) is used to perform the transmission of RRCReconfigurationComplete MSG;

After transmission of HO complete:

· Source protocol (source key) is deleted; and 

· Only target protocol, and target key is used.

2.1.4 Dual Active protocol stack 
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Before HO:

· Only source protocol, and source key is used;

Before RACH (has received HO command): 

· Both source protocol (source key) and target protocol (target key) exist; 

· But only source protocol, and source key is used;
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Note: the PDCP impact due to separate ROHC is not considered in the Figure.
During the RACH: (Msg1 preamble & Msg2 RAR)

· Both source protocol (source key) and target protocol (target key) exist; 

· Source protocol, and source key is used for reception/transmission data from source, and 

· Target PHY and MAC is used to perform the RACH procedure in target;

During the transmission of HO complete (RRCConnectionReconfigurationComplete): (Msg 3)

· Both source protocol (source key) and target protocol (target key) exist; 

· Source protocol, and source key is used for reception/transmission data from source, and 

· Target PHY, MAC, RLC and SRB PDCP (with target security key) is used to perform the transmission of RRCReconfigurationComplete MSG;

After RAR: 

· Both source protocol (source key) and target protocol (target key) exist; 

· Source protocol, and source key is used for reception/transmission data from source, and 

· Target protocol, and target key is used for reception/transmission data from target;

After release of source: 

· Source protocol (source key) is deleted; and 

· Only target protocol, and target key is used.

2.2 Impacts of single/dual active protocol stack 

2.2.1 RF requirements

Companies are invited to provide their view on the RF requirements (e.g. the required number of TX/RX at the UE side) depending on the considered protocol stack architecture. For single active protocol stack, extra comments can be provided for Option 0/Option 1/Option 2, if needed.

	Company
	Single active protocol stack
	Dual active protocol stack

	ZTE
	For UL, single UL transmission can be assumed. During the RACH procedure, the UE simply skips UL data transmission in the source cell to prioritize the RACH procedure (e.g. the transmission of Msg1) in the target. So 1 TX is sufficient for all the scenarios.
For DL, parallel data reception in the source and RAR monitoring in the target is required. Depending on the scenarios, 1 or 2 RX may be required. For example, according to the reply LSs from RAN1[2] and RAN4[3]:

- For the intra-frequency case (either sync or async) with the same bandwidth of the source and the target cell, or with a larger bandwidth of the source than the target cell: 1 RX can be sufficient.

- For the other cases: 2 RX are needed.
	Simultaneous data transmission/reception with the source and target is required before the release of the source. 
The number of TX and RX depends on the scenarios. According to the reply LSs from RAN1[2] and RAN4[3], typically 2 TX/2 RX is required, or 1 TX/ 1 RX with TDM/FDM solutions.

	QC
	In order to minimize HO interruption during RACH (Msg 1, Msg2 and Msg 3) to target cell , UE should continue to have Tx/Rx with source cell while simultaneously performing RACH with target cell . This is possible only with Dual Rx/Dual Tx chains. With Dual Rx/Single Tx OR Single Rx/Single Tx chain cases, we can not minimize HO interruption close to 0ms (which is primary objective of this LTE WI) in any of the cases where simultaneous transmission and reception is possible (as per RAN4 LS reply). Only exception case is Intra Freq, Async where simultaneous Tx may not be possible (It is still RAN4 FFS).

Option 0, 1,2 Summary: All Options need Dual Rx/Dual Tx chains to minimize radio level interruption during RACH to target cell. 
	Based on RAN4 LS reply, simultaneous Tx and Rx is possible in most of cases (except for intra freq, Async simultaneous transmission case). To minimize HO interruption close to 0ms, UE need to have ability to simultaneously transmit and receive from both source and target eNBs, which is possible with Dual Rx/Dual Tx chains. 

Dual Rx/Single Tx, Single Rx/Single Tx chain UEs adds significant complexity of requiring TDM/FDM design, RF chain switching design complexity and lot of additional UE implementation challenges which adds to increased HO interruption time.

Summary: baseline is UE need to support Dual Rx/ Dual Tx RF chains.

	Ericsson
	The UE should at least be capable of dual Rx. If UE only supports single Tx then TDM would need to be used. The TDM-ing can be simple – the UE prioritizes the UL transmissions in the target cell as described by ZTE.
	Same as for single protocol stack. The main difference is that both links remain active for a longer period in the dual active protocol stack solution. This means that the TDM:-ing for single Tx capable UE would likely need to be negotiated by source and target, which is more complex.

	Intel
	For intra-frequency handover, dual RX chain is still needed to achieve the truly 0ms interruption as switching protocol stack also causes interruption.

The inter-frequency handover won’t achieve close to 0ms handover interruption without dual RX chain. , 

Summary:

For all scenarios, single RX/TX UE cannot get additional latency gain compared with Rel-14 MBB;

For all scenarios, dual RX/TX UE cannot get additional latency gain compared with Rel-14 MBB if single active protocol stack is used. 

Compared with Rel-14 MBB, the only additional benefit for single active protocol stack is, the switching time in UE side is specified. 
	As indicated in RAN4 LS, at least simultaneous reception from source and target is possible in all deployment scenario with two RX chains. Having two TX chains is advantage for simultaneous transmission in most of the deployment scenarios.

Summary:

For all scenarios, single RX/TX UE cannot get additional latency gain compared with Rel-14 MBB;

For almost all scenarios, dual RX/TX UE can achieve 0ms interruption time based on dual active protocol stack. 



	Mediatek
	In order to support 0ms interruption, UE should be capable of supporting simultaneous Tx/Rx no matter whether it’s single active protocol stack or dual active protocol stacks. 

Just as explained by QC, in order to minimize the interruption, UE needs to continue data transmission/reception with the source cell when performing random access procedure towards the target cell.

Furthermore, 0ms interruption can’t be guaranteed by single active protocol even for UE capable of supporting simultaneous Tx/Rx,  since the protocol stack needs to be switched from the source to the target at an exact time point, which is hard to define. 

If UE skips the UL data transmission towards the source cell when performing random access just as proposed by Ericsson and ZTE, there will be interruption in both DL and UL and the performance is comparable as Rel-14 MBB. 

In order to achieve 0ms interruption, single active protocol stack doesn't help to relax the requirement on UE RF at all. 

Even for UE capable of supporting simultaneous Tx/Rx with the source and the target, option 0/1/2 is hard to achieve 0ms interruption. 
	In order to support 0ms interruption, UE should be capable of supporting simultaneous Tx/Rx no matter whether it’s single active protocol stack or dual active protocol stacks. 

For UE capable of supporting simultaneous Tx/Rx, 0ms interruption can be guaranteed. 

For UE no capable of supporting simultaneous Tx/Rx, dual active protocol stacks are also workable with TDM. 



	China Telecom
	For UE capable of simultaneous RX/TX, all options of single active protocol stack can be supported.

For UE not capable of simultaneous RX/TX, TDM mode can be applied, e.g. prioritizes the UL transmissions in the target cell, and negotiate between source and target for the DL reception. 
The RF requirement for single active protocol stack and dual active stacks is the same.
	For UE capable of simultaneous RX/TX, dual active protocol stack can be supported for 0ms interruption.

For UE no capable of simultaneous RX/TX, TDM mode can be applied. In this case, additional data interruption will be introduced from the perspective of physical layer, but the user plan is able to be remained from the perspective of higher layer. In this case, it is not be seen as 0ms interruption.
The RF requirement for single active protocol stack and dual active stacks is the same.

	OPPO
	Dual Tx/Rx is required for all scenarios to support 0ms interruption.
	Dual Tx/Rx is required for all scenarios to support 0ms interruption.

	Xiaomi
	Simultaneous transmission and reception with source and target cell are required for option 0/1/2, which can be achieved by many ways.
According to LS from RAN4, in some scenario, single RF could achieve simultaneous TRX. In some scenario, even dual RF is not concluded to achieve simultaneous TRX. It should be decided by RAN4 whether/how single or dual RF could achieve the simultaneous TRX.
We also would like to note single RF with TDM pattern would introduce additional interruption due to the dynamic switching.
	Same as single active protocol stack.

	Huawei
	RF requirements are the same as dual active protocol stack.

For option0/1/2, all these solutions need UE to support simultaneous transmission/reception, if the UL/DL data exchange with source cell is still going when UE performs Preamble and RAR related behavior towards target cell, otherwise more interuption time will be inevitable. 

Just following RAN4 reply LS. There is not direct association with number of protocol stack related to simultaneous transmission/reception, e.g. it is even feasible to support simultaneous transmission/reception in case of single FFT and single RF chain in intra-frequency synchronous scenario. 

Now that single active protocol stack also needs UE to support simultaneous transmission/reception, the RF requirements are the same as dual active protocol stack. 
	Same comments as single active protocol stack

	CATT
	According to RAN4's LS, only in case of the intra-frequency synchronization, UE with single RF chain can receive / transmit data at the same time, so in most cases, the capability of dual RX is the minimum requirement of handling data from source and target links simultaneously, and UE only with single TX needs to support TDM or FDM mechanism which bring some complexity and additional uplink interruption time. 
All options are applicable to these RF requirements.
	To support 0ms interruption time, dual RX/dual TX is the basic requirement of this solution. For single TX/dual RX, it is necessary to consider introducing the TDM or FDM mechanism, which brings some complexity and additional uplink interruption time.



	LGE
	For Option 0 and Option 1: Single TX/RX chain can work in some of the HO scenarios under consideration (e.g. intra-freq synchronous) but it may not be able to achieve a HO interruption time close to 0ms.

For Option 2: is similar to dual active protocol stack. Therefore, dual TX/RX chain should be considered as baseline in order to support most of the HO scenarios under consideration.
	Referring to the RAN4 response [2] dual TX/RX chain should be considered as baseline in order to support most of the HO scenarios under consideration.

	Nokia, Nokia Shanghai Bell
	Minimum requirement: Single Tx / dual Rx 

For some cases, single Tx/Rx could suffice, but we think it’s better to assume unified solution for all cases even if it excludes certain UEs – not all solutions must work for all classes of UEs!
	Minimum requirement: Dual Tx / dual Rx (while both protocol stacks are configured). 

TDM patterns could be used to only require single Tx solution, but then the interruption time requirement becomes more difficult to define.

	ETRI
	Agree with China Telecom and Xiaomi.
	Agree with China Telecom and Xiaomi.

	Sharp
	Option 0/1: single Tx/dual Rx can be minimum requirement. As the time for simultanoues transmission is short only for RACH, a simple TDM can be used for UE with single Tx, 

Option 2: this is similar to dual protocol stack, we think dual Tx/Rx is needed.
	Agree with Nokia

	vivo
	For Option 0/1, the interruption delay could be even larger than the RACH-less solution. If there is no coordination on the TDM pattern for Option 0/1/2, some data transmission via the source link could be dropped.
	Agree with QC and Intel.


Conclusions: 
Different views were expressed on the RF requirements, especially for the single active protocol stack case: some companies claim that dual TX / dual RX are anyway needed (to minimize the interruption time), while other companies  - basically the supporters of the single active protocol stack solution - indicate that the minimum requirement is single TX / dual RX (with the corresponding implications on the need to prioritize transmission in either the source or the target and then on the resulting interruption time).
In order to allow comparison among alternatives which have some actual support from companies, the following clarification is then suggested:

Clarification 1: For all single active protocol stack options, the minimum requirement is dual RX but only single TX. In case of clash (i.e. because of single TX, or when simultaneous TX is not possible even if the UE is equipped with dual TX) the UE prioritizes UL transmission in the target cell (with all the possible impacts on the radio interruption time).
Based on the clarification above, the following summary can be made regarding the UE RF requirements for the different alternatives:
	
	Single active protocol stack
	Dual active protocol stack

	Minimum UE RF requirements
	Single TX / Dual RX
	Dual TX / Dual RX


2.2.2 Other UE requirements

Companies are invited to provide their view on other UE requirements (e.g. the required number protocol entities) depending on the considered protocol stack architecture. For single active protocol stack, extra comments can be provided for Option 0/Option 1/Option 2, if needed.

	Company
	Single active protocol stack
	Dual active protocol stack

	ZTE
	Option 0: Only one single PDCP/RLC entity. Two active PHY and MAC entities during RACH.

Option 1: Two full protocol stacks, but only one active PDCP/RLC entity. Two active PHY and MAC entities during RACH.

Option 2: Two full protocol stacks. Two active PHY and MAC entities during RACH, as well as two RLC and SRB PDCP entities during transmission of RRCReconfigurationComplete.

For PDCP, since PDCP variables and counters need to be sync up between the old and new PDCP, and the synchronization shall be made only after the transmission/reception in the source cell is stopped, we don’t see much difference in performance between the dual PDCP solution and the single PDCP solution. In order to minimize the impact on specs and save the complexity, we prefer to model it as PDCP re-establishment instead of a newly defined PDCP release/addition with synchronization.

For RLC, since the two RLC entities for target node and source node are not required to be active simultaneously in option 0, we prefer to model it as RLC re-establishment as well, to minimize the impact on specs, but some optimization can be considered in implementation to accelerated the re-establishment (e.g. having two instance temporarily and use the new instance once the re-establishment is triggered). However, since no variable/counter synchronization is needed, we think it’s also fine to have two RLC entities for source node and target node separately.
	Two simultaneusly active full protocol stacks are required.

	QC
	Option 0 : Even with Dual Rx/Tx chains, RLC and PDCP need to be re-established after Msg 2 RAR reception, this involves delay based on UE implementation and does not help to reach goal of close to 0ms HO interruption.

Option 1 : Even with Dual Rx/Tx chains, full target cell protocol stack is established before RACH. Upon receiving Msg2 RAR, UE need to stop Rx/Tx with source cell and activate full target protocol stack. But UE can not receive and transmit data from target eNB until Msg 3 is successfully sent and acked by eNB and there is no data Tx/Rx with source eNB also. Ofter during HO execution, when channel conditions are not good, UE may have to send Msg 3 multiple times to target cell. All these factors will contribute to increased HO interruption time during HO. Between Option 0 and 1, there is not much gain in terms of HO interruption delay reduction.

Option 2 : This option is slightly better than Option 1. But still UE need to have dual stack active until HO is successfully completed. During LTE HO, Msg 3 is transmitted in SRB1 by using RLC AM mode. So Active RLC is needed for target stack in addition to target PHY, MAC, PDCP. Since source stack is immediately deactivated upon successful Ack reception for RRC Reconfig Complete Message, any data successfully received from source cell is not Acked by UE and may need re-transmission from target cell, causing additional delay. With immediate release of source stack, if target cell radio conditions becomes very poor and UE moves back to source cell, there is no way for UE to use source cell as fallback option and this requires another HO command to establish connection with source cell (adds ping pong HO signaling). This is not good thing for handling ping-pong mobility case , to reduce HO failure cases and will impact mobility robustness performance.

Option 1 & 2 require UE to support dual protocol stack but only switching time is clearly specified when compared with R14 MBB HO. But still it adds long HO interruption delays without minimizing UE complexity and in fact creates new challenges with stack switching / reconfiguration delay. This solution does not use full potential of UE with dual stack support to minimize interruption close to 0ms in most of the cases.

Option 0 is subset of Option1. Option 0 causes much longer HO interruption delay when compared with Option 1 and Option 2. It is just another UE implementation flavor of Option1.

All these 3 options does not help much to improve interruption delay beyond what was possible with R14 MBB HO solution. They just define stack switching more precisely than R14 MBB HO.
	Dual Protocol stack is required and need to be active during HO execution phase. This will have least HO interruption time and dual protocol stack capability is fully utilized to meet HO interruption time close to 0ms goal. 

During LTE HO, Msg 3 is transmitted in SRB1 by using RLC AM mode. So Active RLC is needed. That means during transmission of Msg 3, target stack need to have active PHY, MAC, RLC, PDCP.

Single common PDCP is sufficient and Dual PHY, MAC, RLC are required.

Single common PDCP is expected to support common SN allocation, common buffer management for re-ordering, duplicate detection/discard, separate security key handling and dual ROHC handling.

	Ericsson
	Agree with ZTE.
	Agree with ZTE.

	Intel
	Agree with Qualcomm’s comments. In addition:

Option 0: 

The UE needs to maintain two configurations from both source and target, even if the UE does not create the entities. The UE needs to derive the security key for target first, and store it. UE only configures the PDCP after RAR, and after PDCP reestablishment and reconfiguration. The interruption for UL/DL transmission is not negligible.

Option # 0 and 1: As after RAR reception, UE can delete the source protocol stack, the actual benefit lasts very short. The interruption due to Msg3 unsuccessful to target continues to exist.

Option # 2: Two full protocol stacks is required and partly two active protocol stack (PHY/MAC/RLC/SRB PDCP) is still required during transmission of HO complete message. Option#2 is worse than dual active protocol stack approach in that source may waste resources as it would not when exactly UE released source, and also cannot achieve the same level interruption time as dual active protocol stack. 
	Since any option requires UE to maintain at least two PHY/MAC entities, there would be not much added complexity in maintaining the full (PDCP, RLC, MAC and PHY) stacks.

	Mediatek
	Agree with QC and Intel, in addition:

Option 0 will introduce additional latency after reception of RAR due to PDCP re-establishment and security update. 0ms interruption definitely can’t be achieved by option 0. 

Both option 0 and option 1 can’t minimize the interruption if CBRA is performed. 

In order to minimize the latency, both option 0 and option 1 requires the UL grant in RAR should be large enough to accommodate the complete message and the UL data packets. Since there is no buffer status information at the network side, the scheduling would be performed blindly. 

For option 2, in order to achieve 0ms interruption, the time point for protocol switching e.g. ‘after transmission of HO complete’ needs to be defined precisely. UE may need the RLC or HARQ ACK to confirm the successful transmission of the complete message. And in the next TTI following the transmission of the RLC/HARQ ACK, the network is required to provide DL assignment for data transmission. Otherwise 0ms interruption can’t be achieved. 

Option 0/1 can’t achieve 0ms interruption;

The switching point for option 2 needs to be defined precisely. In asynchronous network, it’s hard for the network to guaranteed 0ms interruption. 
	UE needs to maintain two protocol stacks and perform data transmission/reception with the two protocol stacks for a while during or event after HO. 

	China Telecom
	Agree with QC, Intel and Mediatek.
	Two protocol stacks for different cells should be maintained by UE.

	OPPO
	Agree with QC.
	Dual protocol stack is maintained during HO execution to guarantee 0ms interruption.

	Xiaomi
	These solutions requires a switching from source to target. This switching is not only related to UE but also to network. Source eNB ware of the switching timing to decide when to trigger the SN transfer and data forwarding. The timing shall be synchronous between UE and source eNB. Unlike dual protocol solution, single protocol solution only has one connection with source eNB during the HO, which makes the synchronous switching more unreliable.
	This solution also requires a synchronous detach from UE and source eNB. Different from single protocol solution, UE has two connections during HO, which improves the reliability.

	Huawei
	Agree with QC, Intel and Mediatek
	Agree with QC, Intel and Mediatek

	CATT
	Option 0&1: Two active PHY and MAC entities, but only one active PDCP/RLC entity.

Option 2: Two active PHY, MAC, RLC, PDCP entities. 
	Two PHY, MAC, RLC, and Single common PDCP.

	LGE
	For Option 0 and Option 1: Single active protocol stack can be maintained, the rest is modelling issue and can be left to UE implementation.

For Option 2: is mostly the same as for dual active protocol stack except of reordering across 2 protocol stacks during the time period where data transmission/reception occurs from 2 nodes.
	Dual active protocol stacks is required for a certain time during HO execution.

	Nokia, Nokia Shanghai Bell
	The difference between the options is when the UP data towards source eNB ends and when the UP data towards target eNB starts. UE also does not have to handle two protocol stacks at the same time. 

The real difference is about what the different options mean to the interruption time: The benefit of all of these is that the actual point of interruption is more clearly defined, which does help the network since it removes uncertainty in the HO and actually makes the eMBB solution more feasible (i.e. unlike the Rel-14 solution which is almost unusable due to the uncertainty period).
	Two simultaneous protocol stacks, along with duplicated bearer configuration (at UE side – each of source/target eNBs only have a single protocol stack)

	ETRI
	Agree with QC, Intel and Mediatek.
Also agree with Xiaomi with regard to the synchronous switching.
	Agree with QC, Intel and Mediatek.
Also agree with Xiaomi with regard to the synchronous detach.

	Sharp
	Agree with ZTE
	Agree with ZTE

	vivo
	Agee with QC.
	Agee with QC.


Conclusions: 

Regarding Option 0 vs Option 1 different comments were made: some indicating that Option 0 would introduce additional latency after reception of RAR due to PDCP re-establishment and security update, other arguing that PDCP variables and counters need to be synchronized between the old and new PDCP also in Option 1 (after the transmission/reception in the source cell is stopped), so that the latency performance between the single PDCP solution (Option 0) and the single PDCP solution (Option 1) would be in fact very much similar. In general it seems that the understanding of the majority of companies is that the difference between the two could be mainly a modelling issue (that for some companies could even be left to UE implementation). Considering this, the following proposal is made:
Proposal 1: Option 0 and 1are considered as a single option in the comparison with other alternatives. If Option 0/1 will be agreed, further modeling details will be discussed at Stage 3 level.

Regarding Option 2, a few companies commented that the time instant for protocol switching needs to be defined precisely. Based on the feedback (also in other sections on this document), the following proposal is made:

Proposal 2: In Option 2, for CFRA the source cell is released when the HARQ ACK/RLC ACK for the handover complete message is received, for CBRA the source cell is released when the contention resolution MAC CE is received. 
Regarding the dual active protocol stack case, all companies agree that two simultaneusly active full protocol stacks are required (with a few companies thinking that a single common PDCP entity would be sufficient).
Based on the discussion and proposals above, the following summary can be made regarding the requirements on protocol entities at the UE side:

	
	Single active protocol stack
	Dual active protocol stack

	Requirements on protocol entities at the UE side
	Option 0/1: Whether two full protocol stacks are needed (i.e. Option 0 vs 1) is FFS. In any case there is only one active PDCP/RLC entity and two active PHY and MAC entities during transmission of msg1&msg2.

Option 2: Two full protocol stacks. Two active PHY and MAC entities during transmission of msg1&msg2, as well as two RLC and SRB PDCP entities after reception of msg2.
	Two simultaneously active full protocol stacks are required.
(regarding PDCP, a few companies think a single common PDCP entity would be sufficient)


2.2.3 Applicable deployment scenarios

Companies are invited to provide their view on the applicable deployment scenarios (e.g. inter- and intra-frequency handover) depending on the considered protocol stack architecture. For single active protocol stack, extra comments can be provided for Option 0/Option 1/Option 2, if needed.

	Company
	Single active protocol stack
	Dual active protocol stack

	ZTE
	Single UL transmission is assumed. During the RACH procedure, the UE simply skips the data transmission with the source cell to prioritize the RACH procedure (e.g. the transmission of Msg1). So 1 TX is always sufficient and then we believe it can be applicable for all the scenarios listed in the WI, including inter-frequency and intra-frequency, possibly relying on 2 RX (as commented in section 2.2.1).
	Simultaneous data transmission/reception with the source and target is required before the release of the source. So it can only be applied to the scenarios where simultaneous data transmission/reception with the source and target is feasible, i.e. the scenarios and restrictions listed in the reply LSs from RAN1[2] and RAN4[3].

	QC
	With Dual Rx/Dual Tx RF chains, UE can have simultaneous Tx/Rx with source cell while doing RACH with target cell. But still with Dual Rx/Dual Tx, still HO interruption can not be reduced close to 0ms. Applicable for intra, inter freq, Sync. Async cases from RF perspective. 
	Applicable for all scenarios where simultaneous Tx/Simulations Rx is possible for Intra, inter freq, sync, async as per RAN4 LS reply.  Intra Freq, Async simulations UL Tx may not be possible and needs additional work around mechanism to handle this case with minimum HO interruption close to 0ms. In most of the scenarios it meets the key objective of HO interruption reduction close to 0ms.

	Ericsson
	All scenarios (but UL TDM may be needed for some scenarios)
	Same as for single protocol stack.

	Intel
	The applicable scenario should be justified based on performance requirement. For instance legacy HO can be applicable for all scenarios, but we still have RACH less HO and MBB in Rel-14, that are only applicable for particular scenario. 

So the importance thing should be, any additional performance enhancement compared with Rel-14 MBB/RACH less HO, and then for which scenarios the solutions is applicable. 

To our understanding, single RF chain is not preferred due to larger switching interruption between RX/TX chains and between protocol stacks.

Even for two RF chains capable UE, single active protocol cannot provide additional gain compared with Rel-14 solutions. 
	Same as Qualcomm.

	Mediatek
	Agree with Intel we need to consider the interruption performance whether talking about the applicable deployment scenarios. 

If the same interruption time is assumed, the applicable deployment scenarios only depend on UE baseband/RF capability instead of the protocol, which is mainly implemented through software. 


	UE is feasible of support simultaneous Tx/Rx in following scenarios with certain conditions: inter-frequency synchronous inter-band/intra-band, inter-frequency asynchronous inter-band and intra-frequency synchronous. 

No conclusion on of inter-frequency asynchronous intra-band. 

For the scenario of intra-frequency asynchronous, simultaneous Rx with both the source and target cell during HO is feasible with certain conditions. There is no conclusion on simultaneous Tx from RAN1 and RAN4.

	China Telecom
	Mostly the same with dual protocol stacks solution. 

The only difference is for the intra-freq async simulations TX scenario (still FFS in RAN4), single protocol stack can be applied by prioritizing the UL transmissions in the target cell which can be seen as TDM. And if the delay introduced by TDM is acceptable, then it is actually feasible for all the scenarios.
	As per RAN1/RAN4 LS reply, in most scenarios, e.g. intra-freq sync, inter-freq sync, simultaneous TX/RX is feasible. For two particular cases, i.e. intra-freq async simulations Tx, inter-frequency asynchronous intra-band simultaneous TX/RX, are still FFS in RAN4.

If the delay introduce by TDM is acceptable, then all scenarios are feasible.

	OPPO
	Applicable for all scenarios.
	Applicable for all scenarios.

	Xiaomi
	The chosen solution shall be applicable to all scenarios.
	The chosen solution shall be applicable to all scenarios.

	Huawei
	Actually both solutions need the UE capability of supporting simultaneous transmission/reception, in single protocol stack solution when UE performs RACH procedure for target cell it keeps the data exchange with source cell. So from this perspective, the applicable deployment scenarios are the same for both single and dual active protocol stack.
	Same comments as single active protocol stack

	CATT
	According to the LS from RAN4, the applicable deployment scenarios depend on UE baseband/RF capability. 
	According to the LS from RAN4, the applicable deployment scenarios depend on UE baseband/RF capability.

	LGE
	For Option 0 and Option 1: Assuming single TX/RX chain only some of the HO scenarios under consideration (e.g. intra-freq synchronous) can be supported.

For Option 2: Assuming dual TX/RX chain most of the HO scenarios under consideration can be supported.
	Assuming dual TX/RX chain most of the HO scenarios under consideration can be supported.



	Nokia, Nokia Shanghai Bell
	We think all scenarios can be supported with 1Tx only, and this should be the baseline assumption. It is true that 2Tx would give benefit for the HO performance. Whether additional requirements are defined is FFS and can be considered once the WID progresses.
	Can be applied to all scenarios if dual Tx/Rx is assumed (with the restrictions as per the RAN1/4 LSs).

However, the interruption requirement is not substantially different with the single stack solution since not all the cases still support simultaneous transmission/reception, as per RAN1/4 LSs.

	ETRI
	Agree with Ericsson, China Telecom, OPPO and Xiaomi.
	Agree with Ericsson, China Telecom, OPPO and Xiaomi.

	Sharp
	We think all scenario are applicable.
	Applicable to all scenario if dual Tx/Rx is assumed.

	vivo
	We consider that the application scenarios should be based on the LS from RAN4.
	Agree with QC.


Conclusions: 

Different comments were made, which could be summarized by saying that both with single active and dual active protocol stack alternatives all the scenarios can be supported, but with different impacts on the interruption time. The following summary can then be made regarding the applicable deployment scenarios: 

	
	Single active protocol stack
	Dual active protocol stack

	Applicable deployment scenarios
	All the scenarios can be supported, but the UE might need to skip UL data transmission in the source cell to prioritize the RACH procedure in the target.
	All the scenarios can be supported but in some cases (e.g. at least in intra-freq async case) simultaneous UL transmission in the source and target cell is not possible and TDM schemes need to be introduced.


2.2.4 Security handling 

Companies are invited to provide their view on the security handling aspects depending on the considered protocol stack architecture. For single active protocol stack, extra comments can be provided for Option 0/Option 1/Option 2, if needed.

	Company
	Single active protocol stack
	Dual active protocol stack

	ZTE
	UE performs data transmission/reception with only one node at a time, either with the source or the targer. For a radio bearer, only one set of keys is in use at any time.
	Simultaneous data transmission/reception with the source and target is required for a before the release of the source. Two sets of keys are simultaneously in use for a radio bearer.

	QC
	One Key is actively used at a given time but UE still need to support Dual Stack implementation with Dual Key configuration anyway. Does not help to meet the objective of HO interruption reduction close to 0ms.
	To support simultaneous Tx/Rx with source and target cells, UE need to support single PDCP with dual security key handling, dual PHY, MAC, RLC. NW need to support Dual Security Keys with one PDPC in each of source and target eNBs.

	Ericsson
	For option 0&1 only single key is used at the time.

For option 2 both keys will be used at the same time since the handover complete message is transmitted while the source link is still active.

However, we don’t think whether using one or two keys is an important factor. Using two keys does not seem much more complex and it does not seem to negatively affect security in any way.
	Both source and target keys will be active until the source cell is released. Same comment regarding complexity and security impact as for single protocol stack.

	Intel
	For Option#0 and 1, UE just use one security context of source until RAR is received. But the UE still needs to maintain the security context of target.

For option#2, UE still requires to use two security context for source path and target path.
	Two active security context for source path and target path.

	Mediatek
	In option 0, UE doesn’t need to maintain two protocol stacks and two security keys. It relies on the PDCP re-establishment for security update. The consequence is that there is additional delay compared with other options and dual active protocol stack. 

For option 1 and option2, UE needs to maintain two security keys. 
	Agree with Ericsson that whether it’s one or two security keys in active makes no much difference in UE complexity. 

	China Telecom
	For option 0 and 1, only one security key needs to be maintained.

For option 2, to send msg3 while keep source link active, two security keys should be maintained.
	Two security key should be maintained. 

	OPPO
	For option 0 and option1, single security key is active, e.g. source key is used before RAR is received and target key is used after PDCP reestablishment.

For option 2, both source key and target key shall be maintained during HO execution.
	Both source key and target key shall be maintained during HO execution.

	Xiaomi
	One key for option 0, two keys for option 1/2.
	Two keys are maintained.

	Huawei
	One key is active, but UE still needs to maintain the security context of target cell
	Two active keys are used, no extra complexity is introduced.

	CATT
	Option 0&1: Single security key is used.

Option 2: UE needs to maintain two security keys
	UE needs to maintain two security keys

	LGE
	For Option 0 and Option 1: UE maintains only 1 security context at a time.

For Option 2: same as for dual active protocol stack the UE has to maintain 2 security contexts during HO execution.
	UE has to maintain 2 security contexts during HO execution.

	Nokia, Nokia Shanghai Bell
	UE uses the protocol stack for source eNB key until the time starting to receive/send UP packets to/from target eNB.
	Each protocol stack handles and stores its own key. UE is required to handle double the amount of bearers compared to single protocol stack solutions.

	ETRI
	Agree with Ericsson and others.
	Agree with Ericsson and others.

	Sharp 
	Option 0/1: only one key is maintained/used
Option 2:UE needs to maintain 2 keys during handover complete message transmission
	Two keys are needed to be maintained

	vivo
	The UE needs to maintain two keys, but a switching time is needed to have one key used at a time.
	One PDCP entity should use two keys at the the same time.


Conclusions: 

The following summary can then be made regarding the security handling: 

	
	Single active protocol stack
	Dual active protocol stack

	Security handling
	For Option 0/1 only single key is used at the time.

For Option 2 both keys are used at the same time since the handover complete message is transmitted while the source link is still active.
	Both source and target keys are active until the source cell is released.

(the only possible real impact is that the UE is required to handle double the amount of bearers compared to single protocol stack solutions)


2.2.5 Capability coordination

Companies are invited to provide their view on the need and details of capability coordination between source node and target node depending on the considered protocol stack architecture. For single active protocol stack, extra comments can be provided for Option 0/Option 1/Option 2, if needed.

	Company
	Single active protocol stack
	Dual active protocol stack

	QC
	May not be needed. But the at the expense of increased HO interruption delay.
	UE Capability need to be shared between source and target eNB (similar to LTE DC). Based on UE capability of DL CA, UL CA, MIMO, Band Combination support, capabilities need to be shared between source and target cells to effectively use existing UE baseband and RF resource sharing between 2 nodes.

	Ericsson
	No capability coordination is required since the time when both links are used is very short and it’s always possible to prioritize the target link transmissions if needed.
	Capability coordination may be required in some scenarios since the time when both links are used is longer.

	Intel
	At least for option 2, same coordination is needed as there is active SRB PDCP in target and active DRB PDCP in source during HO complete transmission. 

For Option 0/1/2, no coordination (prioritize the target link transmission) means it is best efforts, and then may or may not reduce the interruption time. 
	Same as Qualcomm.

	Mediatek
	Agree with Intel. 
	Yes, the UE capability coordination is needed between source and target eNB. The coordination is the same as DC. 

	ZTE
	For UL, single UL transmission is assumed. During RACH procedure, the UE simply skips the data transmission with the source cell to prioritize the RACH procedure (e.g. the transmission of Msg1). So no capability coordination is needed.

For DL, to achieve 0ms interruption, parallel data reception with the source and RAR monitoring in the target is required. The time when both links are used is very short. So no capability coordination is required. Besides, it’s always possible to prioritize the target link transmissions if needed.
	Simultaneous data transmission/reception with the source and target is required before the release of the source. So capability coordination, including allowed BC, UL transmission power and maxSCH-TB-Bits (DL/UL) is needed between the source and target.

Especially for power control, the following issue shall be considered:

· Power control mode for sync/async case. In LTE DC, power control mode 2 has been introduced for async case to avoid the grant from earlier cell drain the UL transmission power (e.g. UE will always handle the grant received earlier thus no power is left for the late grant).

· PHR reporting. In LTE DC, both the PHR from MN MAC and SN MAC will be reported to each node. But it seems this only possible in DC based solution with unique SCell ID.

In addition, the capability coordination may also impact the configuration in source node, in which case, besides the RRC configuration generated by target node, some kind of RRC reconfiguration generated by source node shall be transmitted to UE as well. It is not clear how it works and how complex it will be.

It is also worth noting that the capability coordination/split may lead to negative impact on throughput. If CA/DC is configured before the handover, the throughput decrease may be considerable.

	China Telecom
	Some UE Capability coordination is needed as simultaneous DL reception is needed for all the options of single protocol stack.
	Same as Qualcomm.

	OPPO
	UE Capability coordination is required for UL transmission power control if dual TX is supported.
	Similar as LTE DC, capability coordination is required for source eNB and target eNB.

	Xiaomi
	Agree with intel.
	Agree with QC.

	Huawei
	Agree with QC.
	Agree with QC.

	CATT
	Option 0&1 may not require capability coordination. 
Option 2 also needs capability coordination if eNB is allowed to start scheduling data before receiving the RRC reconfiguration complete message.
	Agree with QC

	LGE
	Is too early to answer this question. Furthermore, it’s more a network issue so we may better wait for feedback from RAN3.
	Same comment as for single active protocol stack.

	Nokia, Nokia Shanghai Bell
	Not needed since (apart from RACH) only a single network node schedules UP at a time for the UE.
	LTE DC-like coordination is needed (making the solution very close to the DC-based solution that was already rejected once)

	ETRI
	Agree with China Telecom.
	Agree with Qualcomm and China Telecom.

	Sharp
	Agree with Ericsson
	Capability coordination is needed due to simultaneous data transmission/reception with the source and target for a longer time, which is the same to LTE DC.

	vivo
	Agree with Intel.
	We can have the capability coordination alike LTE DC.


Conclusions: 

The following summary can then be made regarding the capability coordination: 

	
	Single active protocol stack
	Dual active protocol stack

	Capability coordination
	Not needed (based on the assumption of prioritization of UL transmission in the target cell).
	LTE DC-like coordination is needed.

(one company also commented that the capability coordination may also impact the configuration in source node, in which case, besides the RRC configuration generated by target node, some kind of RRC reconfiguration generated by source node needs to be transmitted to UE as well)


2.2.6 Impacts on specification

Companies are invited to provide their view on the high level impacts on the specification depending on the considered protocol stack architecture. For single active protocol stack, extra comments can be provided for Option 0/Option 1/ Option 2, if needed.

	Company
	Single active protocol stack
	Dual active protocol stack

	ZTE
	Option 0:
There is always one single PDCP/RLC entity in the UE. The spec for R14 MBB can be reused with some update, e.g.:

· With the reception of HO CMD, establish target PHY/MAC, store the target key and keep data reception/transmission with source;

· With the reception of RAR, stop data transmission/reception with the source cell and re-establish PDCP and RLC; 
Option 1/ Option 2:
There are two protocol stacks before the release of the source protocol. Impacts on the spec including:

· With the reception of HO CMD, establish the target protocol, store the target key and keep data reception/transmission with source;
· With the reception of RAR (Option 1) or after transmission of the HO complete (Option 2), stop data transmission/reception with the source cell;
· Delete the source protocol, either implicitly or explicitly (according to the indication from the NW);
· Impacts on PDCP spec to keep the PDCP SN and reordering operation contiguous, e.g. when deleting the source PDCP, the variables/status of the source PDCP should be transferred to the target PDCP, and new procedure will be defined in PDCP specs.
	There are two active protocol stacks before the release of the source protocol. Impacts on the spec including:

· With the reception of HO CMD, establish the target protocol, apply the target key and keep data reception/transmission with source;
· Upon random access success, keep data reception/transmission with source and target;
· Delete the source protocol according to the explicit indication from the NW;
· Capability coordination, which impacts both RAN2 and RAN3, and the following aspect shall be considered:
· Power control;
· Band combination, including the coordination of CA/DC configured in source and target node and the handling of CA/DC configured in the source node during the handover;
· maxSCH-TB-BitsDL/maxSCH-TB-BitsUL;
· For data transmission between source and target, which would impact RAN3, it is FFS whether DC similar X2UP will be used or simply rely on the data forwarding procedure;
· Impacts on PDCP spec to support common PDCP SN allocation/reordering but separate security/ROHC;

	QC
	As mentioned by ZTE, there are spec changes involved. There exists spec changes even for Option2 as well.

These are incremental changes w.r.t R14 MBB HO but does not help to reduce HO interruption time too much.
	There is spec impact to support common PDCP to handle dual security keys, dual ROHC, Capability sharing, RRC procedure changes etc. No changes anticipated for PHY, MAC, RLC layers. Spec complexity is not significant.

	Ericsson
	Hard to say without seeing the CRs but hopefully the specification impact will not be much larger than for Rel-14 MBB.
	Hard to say without seeing the CRs but it seems the specification impact will be larger for this option than for single active protocol stack solutions, especially if TDM and capability negotiations need to be specified.

	Intel
	Agree with QC. 
	For RRC spec:

During the HO, 

Source path, the UE still maintains source PDCP/RLC/MAC until receiving release from target;

Target path, same as legacy HO, the UE derives keys, apply the configurations from HO command, except reset MAC/reestablish RLC/PDCP. 

Capability sharing can reuse the mechanism defined for DC, i.e. no additional work. 

	Mediatek
	Option 0: 

· UE create MAC entity for the target eNB upon reception of the HO command. 

· UE delays to perform PDCP re-establishment and security update until RAR is received;

· Since RRC doesn’t know when RAR is received, an indication from MAC is required;

Option 1: 

· UE create MAC entity and establish RLC/PDCP for the target eNB upon reception of the HO command. 

· UE applies the security key of the target eNB for the new protocol;

· UE release the source protocol upon reception of RAR;

· Since RRC doesn’t know when RAR is received, an indication from MAC is required;

Option 2: The precise time point for protocol switching needs to be defined. 

· UE create MAC entity and establish RLC/PDCP for the target eNB upon reception of the HO command. 

· UE applies the security key of the target eNB for the new protocol;

· UE release the source protocol upon reception of RLC/HARQ ACK;

· Since RRC doesn’t know when RLC/HARQ ACK is received, an indication from RLC/MAC is required;
	· UE create MAC entity and establish RLC/PDCP for the target eNB upon reception of the HO command. 

· UE applies the security key of the target eNB for the new protocol;

· UE release the source protocol when a message to release the source cell is received.



	China Telecom
	Agree with QC.
	· Agree with QC.

	OPPO
	Agree with QC.
	Agree with QC.

	Xiaomi
	Option 0 has more specification than other solutions, since it requires two step to establish the protocol stack in target. This requires more impact on procedure.
Option 1/2 has similar specification impact as dual protocol stack, which establish the protocol stack in target from the beginning. The difference is the timing to use the protocol entities in target and release the protocol stack in source.
	Have similar specification impact as option 1/2 of single protocol stack, which establish the protocol stack in target from the beginning. The difference is the timing to use the protocol entities in target and release the protocol stack in source.

	Huawei
	As all options need UE to support simultaneous transmission/reception the related specification impacts are the same as dual active protocol stacks. If TDM is introduced during RACH procedure towards target cell, extra UL interruption time can be foreseen.
	Agree with QC.

	CATT
	Agree with QC.
	Agree with QC.

	LGE
	No need to discuss this aspect at this stage as these are stage 3 details. In any case we assume that agreeing on either single or dual active protocol stack does not mandate a specific implementation of the protocol stack model in the specs. What is sufficient is to specify the required signaling and procedure in the affected protocol layers. We think that there is no need to specify new entities. This can be left to UE implementation.
	Same comment as for single active protocol stack.

	Nokia, Nokia Shanghai Bell
	All options require specification changes – however, the changes for any of them seem minor compared to Rel-14 operation.
	The specification changes are comparable to those introduced by DC solutions (and the functionality is similar, making the solution almost identical to the DC-based solution that was already rejected earlier).

	ETRI
	Agree with Ericsson and MediaTek.
	Agree with Ericsson and MediaTek.

	Sharp
	Agree with QC
	Generally agree with QC except the common PDCP. Whether common PDCP or separate PDCP or even partially PDCP to support dual keys/ROHC can be discussed further.

	vivo
	Agree with QC
	Agree with QC.


Conclusions: 

Several different comments were made, which could be summarized as follows: 

	
	Single active protocol stack
	Dual active protocol stack

	Impacts on specification
	Incremental changes w.r.t. R14 MBB HO.
	Specification changes comparable to those introduced for LTE DC (e.g. for capability coordination) plus:
- Introduction of TDM schemes;

- Impacts on PDCP spec to support common PDCP SN allocation/reordering but separate security/ROHC;
(For capability coordination, it also needs to be checked whether the MN controlled LTE approach - where it is up to MN to split the capability - can be reused as is or whether the SN should also play a role). 


2.2.7 Impacts on RLM

Companies are invited to provide their view on the impacts on RLM depending on the considered protocol stack architecture. For single active protocol stack, extra comments can be provided for Option 0/Option 1/Option 2, if needed.

	Company
	Single active protocol stack
	Dual active protocol stack

	ZTE
	Same handling as for R14 MBB can be reused, i.e. stop T310/T312 with the reception of HO CMD.
	Since there are two active protocol stacks before the release of the source cell, RLM enhancements (e.g. as discussed in [5]) may be required.

	QC
	Not much additional improvement possible when compared with R14 MBB HO.
	RLM enhancements are possible (Ref: R2- R2-1900789 [5]). It is possible to improve HO failure rate and improve mobility robustness by reducing RLFs and reduced no.of RLF recovery signaling. Fast RLF declaration (by using T312) can be further improved. By further combining with CHO, HO robustness can be significantly improved further.

	Ericsson
	The UE stops source cell RLM when the handover command is received i.e. same as in regular handover.
	The UE stops source cell RLM when the handover command is received, same as in regular handover There seems to be little point in continuing to monitor the source cell since the source cell will anyway be released after a short while. And if a link problem is detected what would the UE do? Normally you would trigger re-establishment but you don’t have that option here.

	Intel
	Same as QC. 
	Same mechanism can be reused, i.e. stop T310/T312 with the reception of HO CMD. But there is room to enhancement RLM since two protocol stack are active simultaneously. 

	Mediatek
	Agree as QC that there is no room for RLM improvement. 
	UE can perform RLM on both the source cell and the target cell. 

	China Telecom
	No additional enhancement for RLM.
	RLM on single cell can be used as baseline. RLM enhancement by monitoring both source and target cell can be considered.

	OPPO
	Similar as legacy MBB solution, RLM on source eNB is not required.
	RLM on both source cell and target cell may be required. 

	Xiaomi
	Upon RACH failure to target cell, UE shall fallback to source cell if the connection to source is still available or trigger reestablishment if the connection to source is not available. So the RLM on source is still required to monitor the availability on source.
If RLF on source happens during HO, UE shall not trigger the reestablishment if the RACH is still on going.
	Similar with single active protocol stack. Additionally, UE shall perfrom RLM on target after RAR. RLF on either side alone shall not trigger reestablishment.

	Huawei
	Same as QC
	Two RLM may be needed so that UE can return one link state in case radio link failure is observed in one cell.

	CATT
	Same handling as for R14 MBB can be resued.
	Simultaneous RLM on both links is not required. The RLM on source link maintains until UE successfully accesses the target cell, and then the RLM on target link starts.

	LGE
	The mechanisms as specified up to Rel-15 can be used.
	Similar as in DC, we think that it is useful to maintain RLM in source node until HO completion. We don’t know yet for how long the dual connectivity need to be maintained.

	Nokia, Nokia Shanghai Bell
	No impact compared to Rel-14 solution.
	Similar RLM handling as with LTE DC (which, again, makes the RLM the same as with the rejected DC-based solution).

	ETRI
	Agree with MediaTek and China Telecom.
	Agree with MediaTek and China Telecom.

	Sharp
	Same as R14 solution, no additional work is needed.
	Agree with China Telecom that RLM on single cell can be used as baseline at this stage. Any enhancement can be considered later.

	vivo
	Agree with QC.
	Agree with QC.


Conclusions: 

The following summary can then be made regarding the impact on RLM: 

	
	Single active protocol stack
	Dual active protocol stack

	Impacts on RLM
	Same handling as for R14 MBB HO can be reused.
Not much additional improvement is possible.
	Same behavior as in regular handover can be reused (the UE stops source cell RLM when the handover command is received) or RLM enhancements can be considered since two protocol stacks are active simultaneously.
(However these seems to be no consensus yet on the need for enhancements)


2.2.8 Impacts on HO interruption time

Companies are invited to provide their view on the impacts on the HO interruption time depending on the considered protocol stack architecture. For single active protocol stack, extra comments can be provided for Option 0/Option 1/ Option 2, if needed.

	Company
	Single active protocol stack
	Dual active protocol stack

	QC
	Does not help much to meet the objective of HO interruption reduction close to 0ms.
	Very much helpful to meet the objective of HO interruption reduction close to 0ms.

	Ericsson
	Option 0&1:

Interruption depends on whether CFRA or CBRA is used:


CFRA: No interruption since eNB can 
start schedule DL/UL UP data 
immediately after the UE has received 
RAR (there is no requirement that the 
eNB has to wait for the handover 
complete message before UP scheduling 
starts).


CBRA: There will be a short interruption 
(~5ms) since the UE has to pass the 
contention resolution phase until the 
gNB can start schedule DL/UL UP data 
(i.e. UE has to transmit MSG3 
containing C-RNTI and receive contention resolution MAC CE from eNB). If the contention resolution fails (which is rare) the interruption will be longer.

Option 2:

The main benefit of option 2 compared to Option 0&1 is that Option 2 provides ~0 ms  interruption even if CBRA is used.

In Option 2 the source cell is released when the handover complete message has been successfully transmitted. For CFRA this means that the source cell is released when the HARQ ACK/RLC ACK for the handover complete message is received, while for CBRA the source cell is released when the contention resolution MAC CE is received. In both cases the interruption time will be ~0ms since the eNB will be able to schedule DL/UL UP immediately after. 
	Dual active protocol stack allows for ~0ms interruption.

What matters in the end is the interruption in the application/IP level rather than the interruption on radio level. Even with the dual active protocol stack solution there will be a short interruption since the first packets received from the target will likely be duplicates. 

We should also keep in mind that a handover is typically executed because the source link is getting bad. So even though the UE may be able to transmit/receive data on the source link, the data rate will be very low. If the data rate is lower than what is required by the application, this is effectively the same thing as an interruption.



	Intel
	0ms interruption cannot be achieved due to interruption caused by:

1 the protocol switching

2a waiting for the successful transmission of MSG3 (UE side option 2) 

· If the target starts transmission of DL data upon reception of MSG 3, the UE will receive the data from both source and target unless the UE releases source upon starting transmission of MSG3; or the UE will not receive the data from the target;

· If the target starts transmission of DL data after ensure the UE has received ack completely, additional delay will be between the UE releases source and target starts the transmission; 

2b waiting for the successful transmission of RAR (network side option 0/1)

· Same issue as above; 

3 additional configuration of PDCP/RLC (option 0).

Option 0/1 will have more interruption time if CBRA is used;
	0ms interruption is achieved.


0ms interruption can’t be guaranteed for option 2 since the network scheduling should be arrived precisely following the protocol switching. 
n in the tarrdered for protocol swtiching ternatives are summarized in the following table:

	 app
	0ms interruption can be guaranteed if UE is capable of supporting simultaneous Tx/Rx. 
	

	ZTE
	Agree with Ericsson about the analysis for CBRA and CFRA.

Besides, for Option 0, as indicated by Qualcomm in clause 2.2.2, PDCP/RLC needs to be re-established after Msg 2 RAR reception. So the interruption time also depends on the timing of the PDCP/RLC re-establishment. The issue can be discussed separately for uplink and downlink.
For DL: Since the target MAC is activated with the reception of HO CMD, DL data scheduled by the target (at the same time when scheduling RAR or right after RAR in case of CFRA) can be received by the UE and buffered on the UE sides. The buffered data can be processed once the PDCP/RLC re-establishment is completed. Therefore, 0 ms interruption can also be achieved in the single active stack solution.

For UL: Yes, the PDCP re-establishment delay seems inevitable. And it depends on how much time the re-establishment consumes. Companies are welcome to provide the typical data. It should also be noted that considering the complexity and negative impact to the robustness caused by the power split/power backoff, in our opinion, simultaneously transmission is quite difficult for both single active stack and dual active stack solution.
In general, for the single active stack solution, we think the 0ms interruption time can be achieved in DL, but may be difficult for the UL.
	Interruption in the application/IP level:
Agree that dual active protocol stack can achieve the ~0ms interruption on radio level (or user plane level). 

However, we also agree with Ericsson that even with the dual active protocol stack solution, there will still be some real interruption time/gap from the perspective of user experience, i.e. in the application/IP level. In the dual protocol stack solution, the source keeps data transmission with UE for a period of time even after the target starts data transmission with the UE. So in this case, the first packets received from the target are most probably the duplicates of the ones which have been successfully received from the source. All these duplicated packets will be discarded by the PDCP which causes some real interruption time in the application/IP level. For example, if the X2 delay is 20ms, and the scheduling delay is the same in both source node and target node, then all the data packets transmitted in the target node would result in duplicated packets which were already received 20ms earlier in source node, which is not helpful for the interruption time reduction. Also considering the separate reordering in RLC, the duplicate transmission cannot be used to minimize the reordering delay either.
It should be noted that the issue is not there for the single active protocol case. In the single active protocol solution, UE stops data transmission/reception with the source once it switches to the target for data transmission/reception. So in this case, PDCP STATUS REPORT can be transmitted to NW immediately, and the NW can avoid the transmission of duplicated packets which have been received by UE successfully.
Interruption in case of UE is operating with CA/DC in the source:
In the dual active protocol stack solution, simultaneous data transmission/reception with the source and target lasts for a longer time. In case the UE is operating with CA or DC before HO, how to handle the source SCells or SCG cells should also be discussed. 

The UE is not able to support simultaneously data transmission/reception on all the possible frequency combination of source cell and target cell, also including the possible CA scell in both source node and target node. Take CA as an example:
If according to the band combination, the source SCells are able to be kept during HO: It may happen that the UE handover from CA to non-CA due to the band combination (UE capability) limitation. In this case, the throughput is likely to decrease after HO, which would be kind of interruption from the perspective of user experience.

If according to the band combination, the source SCells should be released during HO: the throughput decreases during the HO, which would also be kind of interruption from the perspective of user experience.

	China Telecom
	For the case of simultaneous Tx/Rx feasible, 0ms interruption can’t be achieved for all the options as time is needed for protocol switching.

For the case of simultaneous Tx infeasible, there will be additional UL interruption due to TDM for RACH and UL data transmission with source cell. 
	0ms interruption can be achieved.

	OPPO
	For option 0/1/2, 0ms interruption cannot be achieved if contention resolution fails in CBRA-based HO.
	0ms interruption can be achieved since UE keeps connection with the source cell at least until successful access to the target cell.

	Xiaomi
	Possible interruption time includes,

1. The protocol switching may require time.
2. Option 0/1 require time to complete the RACH procedure.

3. Single RF with TDM pattern would introduce additional interruption due to the dynamic switching.
	Possible interruption time includes,

1. Single RF with TDM pattern would introduce additional interruption due to the dynamic switching.

	Huawei
	Only little progress compared to R14 MBB, i.e. releasing time of source stack is specified, the real 0ms interruption time can still not be achieved considering the protocol switching delay and failure handling delay.
	0ms interruption time can be achieved, and according to RAN4 reply LS if UE is equipped with two RF chains and two FFTs there is the least restriction for application of this fearture.

	CATT
	For option 0 &1 &2, target eNB needs to wait for PDCP status report from UE to support selective retransmission, which will introduce additional interruption delay if the generation of this report needs to wait for release of source link.
	0ms interruption is achieved if UE is capable of dual Tx/Rx chain.

	LGE
	We have doubts that with any of the options a HO interruption time close to 0ms can be achieved. But we think that there is room for new potential solutions with which the HO interruption time can be further reduced compared to the Rel-14 features RACH-less HO or Make-before-break.
	We think that HO interruption time close to 0ms can be achieved.

	Nokia, Nokia Shanghai Bell
	<5ms interruption time (FFS pending RAN4 investigations.). However, network knows the interruption time more precisely since network knows when the UE does the interruption, leading to higher reliability of the procedure.
	Depending on the specifics of Tx/Rx details of the solution, <2ms. For cases with TDM pattern or single Tx, similar interruption time (i.e. <5ms) as with single protocol stack solution.

	ETRI
	In general, agree with Ericsson.
However, there are some considerations.
First, the switching point needs to be defined precisely as commented by Intel and MediaTek and it needs to be known by the source also as commented by Xiaomi, to minimize the interruption time and prevent the waste of resources and potential interferences. The explicit indication from the UE can be a good solution.
Second, DL data shall be available when the UE arrives at the target cell. Therefore, “early” data forwarding may be used. But, with “early” data forwarding, the problem of duplicate transmissions from the target (i.e., the first packets received from the target are most probably the duplicates of the ones which have been successfully received from the source, as pointed out by Ericsson and ZTE) is more severe. Therefore, we prefer “on time” data forwarding by an explicit trigger from the UE to mitigate this problem.
Lastly, PDCP Status Report can be transmitted to the target immediately, and the target can avoid the transmission of duplicated packets which have been received by UE successfully, as pointed out by ZTE. However, this PDCP Status Report is somewhat late in option 0/1 or if UL grant is not large enough to accommodate the complete message and this report. As an alternative, the UE can send PDCP Status Report via the explicit indication to the target through the source and send another one to the target directly after the handover completion. The target can use either one received earlier and update the status based on a new one to avoid the duplicated transmissions.
	In general, agree with Ericsson.
Some considerations same as for single protocol stack.

	Sharp
	Agree with Ericsson about the analysis for CBRA and CFRA. And we also consider the explicit data forwarding indication from UE for “early” data forwarding can help for both single and dual protocol options. 
	Allow for 0ms interruption time if dual Tx/Rx is used.

	vivo
	For Option 0/1/2, as the UE starts the PDCP PDU transmission to the target node after deleting the source protocol stack. The transmission delay via the Uu interface would cause extra interruption. Considering the data forwarding delay via the X2, as the source node needs to wait for the packet from the target node after the data forwarding, then more interruption is added to the uplink data transmission.
	0ms interruption can be achieved.


Conclusions: 

Several diverging comments were made, which are not too easy to summarize, also considering the difference between the interruption time at "radio level" and at application/IP level.

The following tentative summary is anyway provided (but further discussion is expected on this):

	
	Single active protocol stack
	Dual active protocol stack

	Impacts on HO interruption time
	0ms HO interruption time at radio level in the UL might not be possible, as the UE might need to skip UL data transmission in the source cell to prioritize the RACH procedure in the target. There is also a delay for the UP processing time for PDCP/RLC re-establishment / PDCP status synchronization (depending on the option).
~0ms HO interruption time at radio level in the DL can be achieved:
- For Option 0/1, in case of CFRA (the eNB can start scheduling DL/UL UP data immediately after the UE has received RAR). For CBRA there will be a ~5ms interruption since the UE has to pass the contention resolution phase until the eNB can start scheduling DL/UL UP data.

- For Option 2, also in case of CBRA.

(Some companies claimed that some additional - not specified - processing delay needs to be considered for protocol switching / PDCP/RLC re-establishment. But at least one company indicated that, for DL, received data can be buffered at lower layers and then processed after the protocol switch / PDCP/RLC re-establishment is completed, so that ~0 ms HO interruption time at radio level can also be achieved in the single active stack solution)
	0ms HO interruption time at radio level can be achieved, when simultaneous TX/RX is possible. When a TDM scheme is needed, the interruption time at radio level is expected to be similar with the single protocol stack solution.

In any case the interruption at the application/IP level is expected to be larger, i.e. because the first packets received from the target will likely be duplicates. 

(At least one company thinks that the issue is not there for the single active protocol case, as the UE stops data transmission/reception with the source once it switches to the target for data transmission/reception. In this case, the PDCP STATUS REPORT can be transmitted to network immediately, and the network can avoid the transmission of duplicated packets which have been received by UE successfully)


Conclusions

The following clarifications and proposals are suggested:

Clarification 1: For all single active protocol stack options, the minimum requirement is dual RX but only single TX. In case of clash (i.e. because of single TX, or when simultaneous TX is not possible even if the UE is equipped with dual TX) the UE prioritizes UL transmission in the target cell (with all the possible impacts on the radio interruption time).
Proposal 1: Option 0 and 1are considered as a single option in the comparison with other alternatives. If Option 0/1 will be agreed, further modeling details will be discussed at Stage 3 level.

Proposal 2: In Option 2, for CFRA the source cell is released when the HARQ ACK/RLC ACK for the handover complete message is received, for CBRA the source cell is released when the contention resolution MAC CE is received. 

The expected impacts of the single active and dual active protocol stack alternatives are summarized in the following table:
	
	Single active protocol stack
	Dual active protocol stack

	Minimum UE RF requirements
	Single TX / Dual RX
	Dual TX / Dual RX

	Requirements on protocol entities at the UE side
	Option 0/1: Whether two full protocol stacks are needed (i.e. Option 0 vs 1) is FFS. In any case there is only one active PDCP/RLC entity and two active PHY and MAC entities during transmission of msg1&msg2.

Option 2: Two full protocol stacks. Two active PHY and MAC entities during transmission of msg1&msg2, as well as two RLC and SRB PDCP entities after reception of msg2.
	Two simultaneously active full protocol stacks are required.

(regarding PDCP, a few companies think a single common PDCP entity would be sufficient)

	Applicable deployment scenarios
	All the scenarios can be supported, but the UE might need to skip UL data transmission in the source cell to prioritize the RACH procedure in the target.
	All the scenarios can be supported but in some cases (e.g. at least in intra-freq async case) simultaneous UL transmission in the source and target cell is not possible and TDM schemes need to be introduced.

	Security handling
	For Option 0/1 only single key is used at the time.

For Option 2 both keys are used at the same time since the handover complete message is transmitted while the source link is still active.
	Both source and target keys are active until the source cell is released.

(the only possible real impact is that the UE is required to handle double the amount of bearers compared to single protocol stack solutions)

	Capability coordination
	Not needed (based on the assumption of prioritization of UL transmission in the target cell).
	LTE DC-like coordination is needed.

(one company also commented that the capability coordination may also impact the configuration in source node, in which case, besides the RRC configuration generated by target node, some kind of RRC reconfiguration generated by source node needs to be transmitted to UE as well)

	Impacts on specification
	Incremental changes w.r.t. R14 MBB HO.
	Specification changes comparable to those introduced for LTE DC (e.g. for capability coordination) plus:

- Introduction of TDM schemes;

- Impacts on PDCP spec to support common PDCP SN allocation/reordering but separate security/ROHC;
(For capability coordination, it also needs to be checked whether the MN controlled LTE approach - where it is up to MN to split the capability - can be reused as is or whether the SN should also play a role). 

	Impacts on RLM
	Same handling as for R14 MBB HO can be reused.
Not much additional improvement is possible.
	Same behavior as in regular handover can be reused (the UE stops source cell RLM when the handover command is received) or RLM enhancements can be considered since two protocol stacks are active simultaneously.

(However these seems to be no consensus yet on the need for RLM enhancements)

	Impacts on HO interruption time
	0ms HO interruption time at radio level in the UL might not be possible, as the UE might need to skip UL data transmission in the source cell to prioritize the RACH procedure in the target. There is also a delay for the UP processing time for PDCP/RLC re-establishment / PDCP status synchronization (depending on the option).
~0ms HO interruption time at radio level in the DL can be achieved:

- For Option 0/1, in case of CFRA (the eNB can start scheduling DL/UL UP data immediately after the UE has received RAR). For CBRA there will be a ~5ms interruption since the UE has to pass the contention resolution phase until the eNB can start scheduling DL/UL UP data.

- For Option 2, also in case of CBRA.

(Some companies claimed that some additional - not specified - processing delay needs to be considered for protocol switching / PDCP/RLC re-establishment. But at least one company indicated that, for DL, received data can be buffered at lower layers and then processed after the protocol switch / PDCP/RLC re-establishment is completed, so that ~0 ms HO interruption time at radio level can also be achieved in the single active stack solution)
	0ms HO interruption time at radio level can be achieved, when simultaneous TX/RX is possible. When a TDM scheme is needed, the interruption time at radio level is expected to be similar with the single protocol stack solution.

In any case the interruption at the application/IP level is expected to be larger, i.e. because the first packets received from the target will likely be duplicates. 

(At least one company thinks that the issue is not there for the single active protocol case, as the UE stops data transmission/reception with the source once it switches to the target for data transmission/reception. In this case, the PDCP STATUS REPORT can be transmitted to network immediately, and the network can avoid the transmission of duplicated packets which have been received by UE successfully)
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