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1. Introduction
[bookmark: OLE_LINK7]At RAN#78, RAN2 was tasked to investigate how the IMT-2020 requirement on 0ms handover interruption time can be addressed for LTE and NR within the Rel-15 time frame. The guideline from RAN#78 is that the first step is to study if the IMT-2020 requirement can be achieved with existing LTE specs, and with developing NR specs[1].
An email discussion over the RAN2 reflector was planned for this until RAN2#101, where a joint LTE/NR discussion is expected to take place.
This contribution collects the companies' views on how to address the 0ms handover interruption with existing LTE specs, and with developing NR specs, based on an initial analysis provided by the email discussion rapporteur.
2. Discussion
In the typical LTE HO, the UE stops communication with the source cell upon receiving the HO command. So, from the perspective of service transmission, the data disruption starts from the receiving of the HO command until the UE transmits/receives the first packet to/from the target cell. In 36.881[2], the service interruption time in handover (i.e. the handover interruption) is defined as the duration between the time when UE stops transmission/reception with the source eNB and the time when the target eNB resumes transmission/reception with the UE.
[image: ]
Figure 1:Service interruption time in handover
	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	15

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

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

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

	9.4
	PRACH preamble transmission
	1

	10
	UL Allocation + TA for UE
	3/5

	11
	UE sends RRC Connection Reconfiguration Complete
	6

	
	Minimum/Typical Total delay [ms] 
	45.5/49.5


Table 1: Minimum/Typical radio access latency components (Rel. 8/Rel. 9) during handover
Per 36.881[2], the components of handover interruption in typical LTE HO are visualized in Figure 1, while the minimum/typical latency of each component is summarized in Table 1. Given that, the total handover interruption in a typical LTE HO is 45.5/49.5 ms.
A WI on further mobility enhancements in LTE [3]was established in LTE R14. Two solutions, Make-Before-Break (MBB) and RACH-less handover were introduced to reduce the handover interruption time. With the adoption of MBB, the connection to the source cell is maintained with the reception of the HO command until the UE executes initial uplink transmission/reception to/from the target cell. So the latency of the RRC procedure delay (i.e. the latency in step 7) is considered to be 0ms in MBB. The UE re-establishes user plane immediately before the UE turns to target cell and by proper software design it could be done in parallel with data transmission/reception in the source side i.e. it could be 0ms also. The UE processing time during the handover (TUE_process) could be reduced down to 5ms within R14 time frame [4]. Our understanding is that in theory it could be 0ms too for intra-frequency case at least, if e.g. the source and the target cell are completely synchronized with same bandwidth and thus no RF tuning is needed. The current 5ms value was decided as a relaxed requirement to simplify the UE RF design, so that maybe some note could be added in [4]to clarify how/under which conditions 0ms could be achieved. Furthermore with the adoption of RACH-less handover, the UE could access the target cell via the uplink grant pre-allocated in the HO command, so the processing time in steps 9.3, 9.4 and 10 could be skipped. The RRC Connection Reconfiguration Complete will be ready and sent within the pre-allocated uplink grant, therefore processing time in step 11 could be skipped too.

	Component/ Step
	Description
	Time (ms)

	7
	RRC Connection Reconfiguration Incl. mobilityControlInfo
	0

	8
	SN Status Transfer
	0

	9.1
	Target cell search
	0

	9.2
	UE processing time for RF/baseband re-tuning, security update
	0

	9.3
	Delay to acquire first available PRACH in target eNB
	0

	9.4
	PRACH preamble transmission
	0

	10
	UL Allocation + TA for UE
	0

	11
	UE sends RRC Connection Reconfiguration Complete
	0

	
	Minimum/Typical Total delay [ms] 
	0


Table 2: Radio access latency components during MBB & RACH-less handover
The MBB and RACH-less HO optimizations can be configured to the UE simultaneously. Given the above analysis, the minimum latency of each component during the HO with the combination of MBB and RACH-less handover is summarized in Table 2. In other words, the total handover interruption in LTE can be reduced down to 0ms.
Statement1: With the combination of MBB and RACH-less HO, the handover interruption time can be reduced down to 0ms in LTE for the intra-frequency case.
Companies are invited to comment on the analysis above for LTE and then on Statement 1.
	Company
	Comment

	Samsung
	As a high level comment, it is worth emphasizing difference between the interruption time (T_interrupt in RAN4 specifications) and the overall handover delay, which includes the aforementioned interruption time and other delays caused by processing of the RRC message and the RACH procedure in the target cell. From that perspective, RACH-less feature does not help to reduce/eliminate the interruption time because it just removes the RACH phase. It is also evident from the corresponding performance requirements where the same baseline 20ms interruption still exists. On the contrary to it, MBB feature indeed can reduce/eliminate the interruption time.
During Rel-14 there were proposals to assume that once the MBB feature is activated, the baseline interruption time component can be reduced from 20ms to 0ms. However, 5ms were finally agreed following the preference of not putting too stringent requirements on the UE RF and HW components. Nevertheless, since the RAN4 RRM performance requirements set the upper bound for anticipated interruption, the corresponding UE RF and HW design can achieve the interruption time of 0ms.
Statement 1: With MBB, the handover interruption time can be reduced down to0ms in LTE for the intra-frequency case

	Huawei & HiSilicon
	1) The assumption of MBB and RACH-less working together is not realistic. It is well known that RACH-less handover can be used only when the TA value of the source cell is reused for the targeted cell, or TA=0. It is restricted to collocated cells not for mobility in LTE. For most of the HOs across geographically separated LTE cells, the condition for RACH-less cannot be met, the MBB and RACH-less cannot work together. 
2) Furthermore, MBB itself is not reliable. MBB requires maintaining the link with the source cell during almost entire HO process. This unrealistically assumes that source cell link will stay in good condition during long period of HO time (more than 40 ms). In reality the link condition at the source cell can be degraded quickly when a UE is moving across the cell border areas. MBB compromised the HO reliability and increased the chance of HO failure.
3) The specifications on MBB is loose and its performance of interruption reduction is highly implementation dependent and hardly guaranteed. TS 36.300 states that the source eNB decides when to stop TX to UE. TS 36.331 suggests that a UE decides when to stop the uplink transmission/ downlink reception with the source cell(s). Thus the stop of data operation at the source eNB and the UE is independent. If the source eNB stops the data operations too early, more interruption can be allowed. If the source eNB keeps the data transmission after the UE stopped data receiving there can be loss of data.
4) In general, with existing LTE mechanism for HO (including MBB), a UE only has one protocol stack. As soon as the UE tunes to the target cell and reset the protocol stack for the target, it stops data reception from the source. R2-1801542 provided detailed service interruption analysis. With MBB there is still more than 13ms interruption. 
Based on the above analysis, we conclude that the LTE existing MBB and RACH-less features cannot achieve reliable 0ms interruption HO in both intra/inter-frequency mobility scenarios. Statement 1 is not true. We disagree.
On the other hand, LTE already supports DC. In indoor hotspots and dense urban deployment scenarios, there can be large amount of small cells under the umbrella macro cell. By enabling DC based mobility under the umbrella macro cell, the HOs between the macro/small & small/small cells become add/release PScells. In these scenarios with DC under the macro umbrella cell, true 0ms service interruption can be achieved with minimal impact to LTE. We suggest for REL 15: enable DC based mobility under the umbrella macro cell to achieve 0ms interruption for indoor hotspots and dense urban scenarios in LTE.
Note: The RAN4 definition of Tinterrupt really represents the interruption to the radio transmission rather than the service interruption. Tinterrupt changes based on whether there is access. If there is access, Tinterrupt is from the last source data TTI to the first access TX to the target. If no, Tinterrupt is from the last source data TTI to the first data TX to the target. Under such a definition, MBB + RACH-less can have longer Tinterrupt than MBB only. The service interrupt we are discussing is the interruption on data transmission. To avoid confusion, we should stick on the service interruption definition from 36.881.

	OPPO
	In our understanding, as discussed in LTE latency reduction study item and work item, MBB (Make-Before-Break) and RACHless covered different parts of the latency shown in Figure 1 and Table 1. In detail, MBB could keep the UE in connection with the source until the first uplink transmission at the target, which could be continued until step 11, while the TA could be obtained by UE in advance with RACHless. Therefore, with those two optimization, the handover interruption time can be almost reduced to 0ms in LTE for the intra-frequency case. However, there seems one minor thing needs to be clarified. As mentioned in the latency reduction SI and WI, the grant of RRC Connection Reconfiguration Complete message for handover response could be informed in advance, however, UE still needs 1 TTI to send out that message in order to ask the target eNB to provide the UL grant and DL grant for data transmission. Unless the data transmission and handover response are allowed to be performed simultaneously, it seems that this 1ms in LTE could not be avoided. We are not sure whether this is an issue or anything needs to be clarified in specification. Thus, the Statement 1 could be as follows:
Statement1: With the combination of MBB and RACH-less HO, the handover interruption time can be reduced down to almost 0ms in LTE for the intra-frequency case.

	ZTE
	Comment to Samsung: 
The handover interruption time is the time during which a UE cannot exchange user plane packets with the radio access network. This includes the time required to perform all the needed signalling procedures, including the RACH procedure (if needed). So, unless the RACH procedure can be performed in parallel to data transmission (which would require e.g. a dual TX/RX UE), a RACH-less solution would definitely have an impact to reduce/eliminate the overall interruption time. So for now we'll keep the reference to the RACH-less approach in Statement 1.
Comment to Huawei:
The goal of this email discussion is not to claim that existing LTE specs and developing NR specs guarantee a 0ms handover interruption time in all the scenarios and in all the conditions, but to assess whether the IMT-2020 requirement on the handover interruption time can be achieved. For this requirement it sufficient to show that there are conditions (e.g. when TA is 0, or actually when TA is known) and UE architectures (e.g. in terms of simultaneous TX/RX capabilities) for which the 0 ms handover interruption time can be achieved.
(Then there seems to be some misleading comments, e.g. on the compromised HO reliability / increased chance of HO failure due to MBB. MBB has no impact on MR reporting and HO command triggering, so no impact on the HO reliability / HO failure)
Comment to Oppo:
In our understanding, the network could pre-allocate an UL-grant to accommodate both the handover response and data transmission simultaneously.

	CATT
	In LTE, RACH-less is limited by TA, it is not applicable for all scenarios, especially across nodes without uplink synchronization. Therefore, although UE capability can support 0ms tuning, but the 0 ms interruption time cannot be satisfied. In addition, for the existing MBB mechanism, at network side there is data forwarding delay, thus at least in downlink the interrupt time cannot be avoided.
Statement 1: In LTE, scenarios of combining MBB and RACH-less are limited and it cannot achieve 0 ms interruption time at least in downlink.

	Intel
	Not with current MBB and RACH-less. First, we should clarify the exact definition of the handover interruption time. In our view, handover interruption time should be defined as the time duration that the UE cannot transmit or receive data at PHY layer. By this definition, RRC processing delay should not be counted because the UE can transmit/receive data at PHY layer while L2/3 is reconfigured. As we commented above inline, RACH-less handover with pre-allocated UL grant has 2ms minimum periodicity. If we reduce interruption, we should consider to introduce a new value for the periodicity of RACH-less handover. More importantly, we understand that single RF requires RF retuning time. Therefore, the only way 0ms interruption may work is if the UE support multiple RF chain which allow the UE to receive and transmit data to serving cell while performing RF retuning to target cell.

	Mediatek
	In our understanding, the IMT-2020 requirement on 0ms handover interruption targets the overall handover delay, which includes RRC processing delay, Tinterrupt defined in RAN4, random access procedure as well as RRCConnectionReconfigurationComplete transmission. However, how to address IMT-2020 requirement on 0ms handover interruption can be considered in different layers. We think the requirement can be defined as physical layer requirement in Rel-15, which means the transmission/reception over the physical layer is performed without interruption during HO.  The 0ms handover interruption in higher layer can be considered in the next Release. 
Based on current MBB HO definition in Rel-14, UE can continue the data transmission with the source cell after receiving the handover command until RACH is initiated, which make RACH-less HO necessary to reduce the overall HO interruption timer. Otherwise, current MBB needs to be enhanced to continue data transmission with the source cell when UE performs random access to the target cell until or after RRCConnectionReconfigurationComplete is transmitted. If UE is not capable of supporting simultaneous Tx/Rx with both the source cell and the target cell, tight coordination on the TDM pattern at the network side is required to make UE perform RA procedure and normal data transmission in parallel at different subframe. Otherwise, UE is required to support simultaneous Tx/Rx with different cells. The high cost and complexity at the UE side is concerned. So RACH-less is necessary to reduce the overall HO latency. 
Based on the analysis in Rel-14 with current MBB mechanism, data transmission is stopped before RRCConnectionReconfigurationComplete transmission, there is still 6ms interruption for the RRC message processing and transmission. So current MBB needs to be enhanced to continue data transmission with the cell during that period of time. 
Statement 1: With the combination of enhanced MBB and RACH-less HO, the handover interruption time can be reduced down to 0ms in LTE for the intra-frequency case.

	Sony
	We are not sure if two sets of L2 protocol entities are configured for source and target cell separately or a single set is configured. Our understanding of current handling is that only single set of protocol entities is configured during MBB HO and MAC layer is reset. In our understanding no tx/rx should be possible during the time MAC recovers from reset and not sure if this time can be considered as about 0 msec.

	Nokia
	We largely agree with what has been outlined above by Huawei. Statement 1 is incorrect.
First of all, a quote from TR 38.913: “Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions. The target for mobility interruption time should be 0ms. This KPI is for both intra-frequency and inter-frequency mobility for intra-NR mobility.” Thus, obviously the time when UE executes RA procedure for accessing the target cell is still counted as an interruption. Unless the UE is able to still keep the source cell link while executing RA procedure in the target cell. However, as commented above by ZTE, this would require dual Tx/Rx. 
RAN4 requirement (TS 36.133, section 5.1.2.1.2.4) is as follows: Tinterrupt = 5 + TUL_grant ms. It already assumes source and target have the same bandwidth, so no additional gain comes from skipping the RF tuning…in general, it is hard to argue that 5 ms requirement set by RAN4 can be now reduced to 0 ms, without introducing any specification/procedure changes…  
The way RACH-less + make-before-break is specified in LTE Rel-14 is quite vague and does not seem to guarantee any reasonable performance (it may reduce the overall interruption duration, but definitely one cannot be sure its adoption results in 0 ms interruption). The source cell connection should be kept “…after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell…”, what does not accurately refer to any solid point in time and the performance is too a large extent UE-specific. As the UE is anyway expected to execute HO immediately after HO command reception, 1 TRX UEs may in fact not benefit at all from make-before-break (+RACH-less) as they should commence synchronizing to the target cell immediately…
To follow-up on the unpredictability of Rel-14 make-before-break performance: TS 36.331 one can find the following excerpt: “…It is up to UE implementation when to stop the uplink transmission/ downlink reception with the source cell(s) to initiate re-tuning for connection to the target cell [16], if makeBeforeBreak is configured…”, while TS 36.300 states: “…If Make-Before-Break HO is configured, the source eNB decides when to stop transmitting to the UE…”. So it can be either the UE or the source cell that takes such decision and in fact without any mutual notification…
The field description for makeBeforeBreak (TS 36.331) provides the following information: “Indicates that the UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target intra-frequency PCell, or performing initial PUSCH transmission to the target intra-frequency PCell while rach-Skip is configured.”. So even after reading this short sentence, it can be concluded the interruption cannot be 0 ms, if source cell link should be dropped before any initial transmission towards the target.
And finally, the agreements in RAN2#97bis state the following: “We will progress handover with 0ms interruption with dual tx/rx targeting to define a single solution.”

	Qualcomm
	[bookmark: _Hlk506285257]Agree with Samsung comments on the questionable value of RACH-less feature for reducing the Interruption time to 0ms. If the UE is capable of supporting MBB, i.e. simultaneous tx/rx with source cell while establishing connection to the target cell, then RACH procedure delays are not contributing to the Interruption Time. Thus, the possibility of achieving 0ms is dependent on the UE RF capabilities and we think it is critical to emphasize UE simultaneous tx/rx capability in statement 1 and emphasize that MBB alone is sufficient to achieve this.
Statement 1: With MBB, the handover interruption time can be reduced down to 0ms in LTE for the intra-frequency case for the UE that supports simultaneous Tx/Rx with source cell and target cell during HO.

	AT&T
	MBB + RACH-less handover may help with reduction of interruption time. However, we believe it is conditional upon network deployment and UE capability. So in general, we disagree with Statement 1 as phrased. 

	Apple
	Firstly, we agree with AT&T, for statement 1, it is conditional upon network deployment and UE capability. 
Secondly, we agree with Intel, we should first have clear understanding on definition of interruption time. According to LTE spec, there are two definition can be regarded as interruption time, one is in 36.133, the other is same as HO latency defined as 36.881 (indicated in Table-1 above). Our understanding is the second, i.e. HO latency. 
Thirdly, according to current LTE UE requirement, the mini HO interruption time is 5 + TUL_grant ms, not 0ms. So statement 1 is not correct. For 5ms processing time, we should consult with RAN4 on the possibility to reduce it to 0ms. In addition, how to reduce TUL_grant ms to 0ms, it also needs further discussion. 
Statement1: With the combination of MBB and RACH-less HO in LTE R14, the handover interruption time can be reduced down to 5 + TUL_grant ms in LTE for the intra-frequency case with same bandwidth of source and target cell.

	Ericsson
	We would like to point out the IMT requirements on 0ms interruption time doesn’t need to be satisfied for every scenario (i.e. every feasible UE capability/implementation and network deployment/implementation combinations).  Even if we assume we introduce functionalities to do so for every scenario, which is rather infeasible, there could still be delay in the transport network and core network that is unavoidable. Thus, it would be good clarify the conditions/assumptions in which the 0ms requirement could be fulfilled. And these are:
· A dual Rx UE with independent RF chain
· The same TA at both source and target (or a small TA difference between the source and target that the base stations can tolerate)
With these assumptions, and with MBB+RACH-less HO, a 0ms interruption is feasible in LTE. Statement 1: With MBB and RACH-less HO, the handover interruption time can be reduced down to 0ms in LTE for the intra-frequency case, under the assumption of a dual Rx UE with independent RF chains and no/negligible UE TA difference towards the source and target. 


[bookmark: _GoBack]
	Summary of the discussion: 
A number of different views were expressed. Some of the comments can be addressed by the following reminders:
· For the IMT-2020 requirement on 0 ms handover interruption time it is sufficient to show that Rel-15 LTE and NR specs fulfill such requirement at least in some conditions, and not necessarily in all possible cases. For instance assumptions can be made on the TA (which can be assumed to be the same/similar at both source and target cells) and more in general on the handover scenario (e.g. intra-node handovers where transport network delays can be neglected), on the network implementation (i.e. grant pre-allocation) and on the UE RF architecture (e.g. in terms of simultaneous TX/RX capabilities).
· The handover interruption time under investigation is the service interruption time (and not e.g. the interruption time at physical layer). This includes the time required to perform all the needed signalling procedures, including the RACH procedure (if needed). 
Considering this, the best match of the conclusions provided by different companies seems to be the following:
Conclusion 1: For the intra-frequency case, under the assumption of a dual RX UE (with independent RF chains), with the combination of Make-Before-Break (MBB) and RACH-less handover, the handover interruption time in LTE can be reduced down to 0 ms (in the scenarios where RACH-less handover is applicable, i.e. no/negligible UE TA difference between the source and the target cell).
Regarding the case of a single RX UE, there seems to be a quite common understanding that the handover interruption time in the same scenario can be reduced down to the UE processing time (e.g. for RF/baseband re-tuning), currently assumed to be 5 ms in RAN4 specifications. For this, some companies wonder whether there are any conditions (e.g. the source and the target cell are completely synchronized with same bandwidth and no need for RF tuning) where this delay component can be neglected and the handover interruption time can then be reduced down to 0 ms. RAN4 would have to be consulted to answer this.



[bookmark: OLE_LINK3]The combination of MBB and RACH-less HO was introduced only for the intra-frequency scenario. And according to the analysis in some company contribution (e.g.[5]), the RACH-less handover can also be supported in NR both for low frequencies and high frequencies, with some minor changes to take the beamforming aspects into consideration. For both cases, similarly to the analysis in Table 2, with the combination of MBB and RACH-less handover, the handover interruption time in NR can be reduced to 0ms at least for the intra-frequency case. 
Observation 1: RACH-less handover can also be supported in NR both for low frequencies and high frequencies, with some minor changes to take the beamforming aspects into consideration.
Statement 2: With the combination of MBB and RACH-less HO, the handover interruption time can be reduced down to 0ms in NR at least for the intra-frequency case. 
Companies are invited to comment on the analysis above for NR and then on Statement 2.
	Company
	Comment

	Samsung
	Even though RAN4 has not finally agreed the T_interrupt formula for NR, the preliminary proposals suggest to follow the same logic. In other words, there will be the baseline interruption component of 20ms (same as in LTE) and other components caused by cell search delay, SSB search delay, etc. Nevertheless, regardless of how the final formula look like for NR, the MBB-like feature for NR can reduce/eliminate T_interrupt interruption time provided that the UE RF and HW components can be tuned to the target cell for the synchronization purposes without losing a sync to the current serving cell.
And it is worth emphasizing one more time that it is only the MBB feature that saves the interruption time, not RACH-less.
Statement 2: With MBB, the handover interruption time can be reduced down to 0msin NR for the intra-frequency case

	Huawei & HiSilicon
	Based on the analysis regarding to Statement 1, the exiting LTE MBB scheme has flaws. It compromises the HO reliability performance and cannot achieve reliable HO with 0ms interruption. Existing MBB should not be reused in NR. NR is completely new, it deserves new schemes with much better performance to fully meet IMT 2020 requirement, rather than reuses the LTE MBB schemes which does not meet the IMT 2020 requirement.
We do not agree on Statement 2.
For REL 15 NR, we suggest to first confirm/enable at least inter-frequency DC based HO without PDCP anchor change (type 2 DC based HO). It had been agreed in RAN#97bis that NR supports HO with no PDCP anchor change/reset. This agreement has been summarized in TS38.300: “RRC managed handovers with and without PDCP entity re-establishment are both supported”. Under the CU/DU architecture, DC based HO among the Dus under the same CU can be realized by adding a target DU cell as a Pscell,Pcell/Pscell switch, and release an old PScell without PDCP anchor change/reset. Under this scenario (falling into ITU scenarios of indoor hotspots and dense urban deployments), true 0ms interruption can be achieved with minimal impact to current NR REL 15 specifications. When more time is allowed, DPCP anchor change without LRC/MAC reset (type 3 DC based HO) can be adopted on top of type 2 DC based HO. With complete DC based HO (type 2 + type3) solution, true 0ms interruption can be achieved in all the HO scenarios including the cross Cus HO.

	OPPO
	Based on the analyses about Statement 1, same issue also exists for statement 2 even MBB and RACH-less are used. Therefore, in our understanding for NR intra-frequency handover,
Statement 2: With the combination of MBB and RACH-less HO, the handover interruption time can be reduced down to almost 0ms in NR at least for the intra-frequency case.

	ZTE
	Same comments as for Statement 1

	CATT
	Based on above analysis, same issue exists for NR. Therefore combining MBB and RACH-less cannot achieve 0 ms interruption time. However, considering the combination of MBB and RACH-less has little impact on specification, especially for some Ues with limited capability, e.g, for UE with 2 RX but only 1 TX, the requirement of close to 0ms interruption time is also acceptable.
Statement 2: The combination of MBB and RACH-less HO may be introduced to NR specification due to minor changes to specification, but only for requirements where the interrupt time is close to 0ms, e.g, for UE with 2 RX but only 1 TX

	Intel
	One of the key question is can RACH-less be applied in NR. In LTE, RACH-less can only be used in small cell (TA configures to 0) and cells within the same eNB (reuse serving cell TA). With NR, different cell may contain different number of TRP at least in the high frequency and hence difference cell size. In addition, there is beamforming aspect, we are not sure if RACH-less can apply to NR. However, there may be cases where RACH-less can be applied in overlapping frequency with LTE such that TA=0 or reuse serving cell TA are valid. This will require RAN1 and RAN4 input. 

	Mediatek
	In NR with LF, the same principle as LTE may be applied, i.e. Tinterrupt = Tsearch + TIU + 20 ms. If intra-frequency HO is perform with synchronized network, UE doesn’t need to perform RF/based band tuning for the target cell. Finer retuning for frequency synchronization may be required, which is also negligible. So Tinterrupt can be reduced down to 0ms in NR-LF with the intra-frequency synchronized network. Considering the overall HO latency, both enhanced MBB and RACH-less HO are required. 
In NR with HF, we are not sure whether RACH-less HO is feasible or not, considering random access procedure in HF is needed not only for TA acquisition, but also used to establish the initial DL/UL beam pairs for DL/UL beam management. RAN1 needs to be consulted on whether RACH procedure can be skipped for HF handover. 
Statement 2: With the combination of enhanced MBB and RACH-less HO, the handover interruption time can be reduced down to 0ms in NR LF at least for the intra-frequency with synchronized network. 

	Sony
	 We think RACH-less HO is very much dependent on network deployment and cannot be ensured ubiquitously. We also think that few packets may be lost if there is a race condition inside the UE while applying new configuration and also simultaneously attempting to transmit on the uplink and not sure if it is worth addressing to achieve no interruption. 

	Nokia
	We agree with some doubts expressed above by MediaTek and Intel. RACH-less performance, especially for higher frequencies in NR could be questionable.
A separate issue is the purpose of Statement 2: is the intention to blindly adopt the E-UTRAN solution to NR, considering those doubts/flaws outlined above by many? We understood the discussion should be rather focused on whether the LTE Rel-14 solution can be used for IMT-2020 submission (without replicating the mechanism in NR RAN).
A general remark on LTE’s RACH-less versus makeBeforeBreak: at least the performance of RACH-less is predictable and measurable, while makeBeforeBreak could bring various gains (if any)…

	Qualcomm
	Comments provided for statement 1 apply for NR as well.

	AT&T
	Similar comments as in Statement 1 apply for NR as well.

	Apple
	Same comments as Statement 1

	Ericsson
	We prefer simple solution in Rel-15 timeframe
· For this we can make assumptions like TA is known, PDCP termination point does not change, UE supports dual Rx/Tx
We already have an agreement (RAN2#97): 
0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO
We understand this agreement to mean that when receiving HO command, the UE keeps the old RRC configuration and UP protocol state and keeps communicating with that configuration with the source. Meanwhile, the UE can perform RA and communication towards the target eNB with the new configuration received in the HO command. Once the UE has received a Msg4 from the target eNB, it can release the old configuration 
If this can be done without much specification impact, that is our preferred solution.
Otherwise, our secondary solution is to adopt LTE solution (MBB+RACH-less).



	Summary of the discussion: 
Regarding the proposals to extend Conclusion 1 for LTE to the NR case, two main additional comments were made:
· DC-based handover (i.e. solutions where the UE is simultaneously connected - at least temporarily - to both the source and the target cell) should (also) be investigated.
· For the higher frequency case, it is currently unclear whether the beamforming aspects make the RACH-less solution applicable to NR.
Regarding DC-based handover, it is also the rapporteur's view that this should be investigated. However, the discussion on NR-NR DC has not progressed yet and at the moment it's still unclear whether this can be part of Rel-15 (and then satisfy the IMT-2020 requirement). On the other hand, MBB and RACH-less would come for free in NR (at least in the lower frequency case) and would probably be supported anyway.
Regarding the beamforming aspect in a RACH-less solution, it is believed that this can be addressed (as discussed in some company contribution) but it's a fact that no agreement has been reached on this yet.
So the following conclusion is suggested:
Conclusion 2: For the intra-frequency case, under the assumption of a dual RX UE (with independent RF chains), with the combination of Make-Before-Break (MBB) and RACH-less handover, the handover interruption time in NR can be reduced down to 0 ms (in the scenarios where RACH-less handover is certainly applicable, i.e. the lower frequency case with no/negligible UE TA difference between the source and the target cell).



For the inter-frequency scenario all the analysis is still valid except for step 9.2. Assuming the UE is equipped with 2 RX, no RX RF tuning is needed for reception because the UE can use one RX for the source and one for the target cell respectively. But a typical LTE UE will only have 1 TX. Therefore TX RF tuning time might be needed for uplink transmission. If RF tuning is small enough and doesn’t prevent continuous scheduling in physical layer then such RF tuning time will not result in more than 0ms interruption time. ButRAN4 should probably be consulted on this issue. However, if it is acceptable to assume that a UE could be equipped with 2TX (and at least for fulfilling IMT2020 requirements it should), then TX RF tuning for uplink transmission could be also 0ms. Furthermore, in this case the RACH procedure could be performed in parallel, so the RACH-less approach might not be needed.
Statement3: With MBB HO, for both LTE and NR the handover interruption time can be reduced down to 0ms also in the inter-frequency case, if the UE is equipped with 2 TX and 2 RX (or, more generally, if the UE can simultaneously transmit/receive in different frequencies/bands).
Companies are invited to comment on the analysis above for the inter-frequency case (for both LTE and NR) and then on Statement 3.
	Company
	Comment

	Samsung
	The overall line of argumentation for the inter-frequency case is not fundamentally different when compared to the intra-frequency one. As long the UE RF and HW components allow for listening to both the serving and the target cell on different frequencies (and even bands), the interruption time can be theoretically reduced to 0ms.
NOTE1: It is not about how many TX/RX chains a UE has, but more about the UE capability to tune independent chains to different frequencies.
NOTE2: LTE Rel-14 MBB feature applicability was limited to the intra-frequency case, i.e. formally speaking it is not applicable to inter-frequency scenario.
Statement3: With MBB, for both LTE and NR,the handover interruption time can be reduced down to0ms also in the inter-frequency case.

	Huawei &HiSilicon
	In the inter-frequency case, the same as the intra-frequency if the frequencies are not collocated, RACH-less is not feasible. The un-reliable issue with MBB is also there. The problems are not improved by UE dual-transceiver. 
Statement 3 is not true.
For REL 15 NR, we suggest to first confirm/enable at least inter-frequency DC based HO without PDCP anchor change. By doing this true 0ms interruption can be achieved with minimal impact to current NR REL 15 specifications. When more time is allowed, type 3 DC based HO can be added to achieve complete DC based HO.

	OPPO
	In the inter-frequency case, same issue also exists for statement 2 even MBB and RACH-less are used. Therefore, in our understanding for NR inter-frequency handover,
Statement3: With the combination of MBB and RACH-less HO, for both LTE and NR the handover interruption time can be reduced down to almost 0ms also in the inter-frequency case, if the UE is equipped with 2 TX and 2 RX.

	ZTE
	Comment to Samsung:
If the UE can simultaneously transmit/receive in different frequencies/bands it seems true that the RACH-less approach might not be needed.

	CATT
	For Inter-frequency case, the above issues still exist. Therefore to support the 0 ms interruption time, new enhancement, such as DC based mechanism, should be considered. In addition, the existing DC mechanism is mainly aimed at inter-frequency case, then it is better suited to this case.
Statement 3：If the UE is equipped with 2 TX and 2 RX, the 0 ms interruption time can be supported from equipment point of view. But some new enhancements need to be considered, e.g. for DC based mechanism.

	Intel
	In inter-frequency case, if RACH procedure can be assumed to be perform in parallel as receiving data from serving cell. In this case, we agree that 0ms interruption time can be achieved with MBB only. However, in term of protocol stack reset and how the UE handle dual MAC layer and power control issue, we need to further if it is feasible. The scenario may be simpler when the UE performs intra gNB handover without PDCP and security reset. 

	Mediatek
	Generally, if UE is capable of supporting simultaneous Tx/Rx with both the source cell and the target cell, 0ms interruption can be achieved no matter it is intra-frequency or inter-frequency HO. For example, It is feasible that UE performs simultaneous reception from two intra-frequency cells in synchronous network with single RF chain or dual RF chains, typically in LF.  
If UE is capable of supporting simultaneous Tx/Rx with different cells, RACH-less HO is not a necessary element to reduce overall service interruption, since it is feasible that UE performs data transmission and RA procedure with source cell and target cell simultaneously. 
Statement 3: With enhanced MBB, for both LTE and NR the handover interruption time can be reduced down to 0ms also in the inter-frequency case, if the UE is capable of simultaneous Tx/Rx with both the source cell and the target cell.

	Sony
	Same comment as Q1 and Q2

	Nokia
	The Rel-14 limitation of makeBeforeBreak to intra-frequency cases was aimed at mitigating UE’s burden regarding RF/baseband re-tuning, etc. Still having in mind 1 TRX UEs…
Genuine 0 ms interruption cannot be achieved anyway with the legacy Rel-14 makeBeforeBreak solution/procedure, at least due to the following LTE MBB limitation “UE shall continue uplink transmission/ downlink reception with the source cell(s) before performing the first transmission through PRACH to the target intra-frequency PCell, or performing initial PUSCH transmission to the target”. We share the view DC-based approach would be more future-proof, addressing larger number of scenarios and providing genuine interruption reduction (instead of theoretical, paper-based only).

	Qualcomm
	Agree with Samsung comments that achieving 0ms Interruption time is dependent on the UE RF capabilities and agree that it is critical to emphasize UE simultaneous tx/rx capability in statement 3 and emphasize that MBB alone is sufficient to achieve this.

	AT&T
	We agree with comments made by Huawei, HiSilicon, CATT, and Nokia. A DC-based mobility mechanism is much better suited to address the 0ms interruption time requirement, because it addresses not only 0ms interruption time requirement, but also simultaneously offers HO reliability improvement, in addition to addressing multiple scenarios and services.

	Apple
	We agree that achieving 0ms interruption time is dependent on UE RF capability. 
If UE is capable of simultaneous Tx/Rx with both source and target cell, 0ms interruption time requirement can be achieved for MBB HO. 


	Ericsson
	The solutions that work with the intra-frequency case are applicable to the inter-frequency case as well. So no additional investigation is needed for this case.



	Summary of the discussion: 
Apart from the some preference to adopt a DC-based HO approach (which in any case seems not so easily applicable to the LTE case in Rel-15) there seems to be some consensus on the following:
Conclusion 3: For the inter-frequency case, under the assumption that the UE can simultaneously transmit/receive in the source and in the target cells, with the combination of Make-Before-Break (MBB) and RACH-less handover, the handover interruption time in both LTE and NR can be reduced down to 0ms (in the scenarios where RACH-less handover is applicable).
Comments were also made that, if the UE is able to simultaneously transmit/receive in the source and in the target cells, the RACH-less approach might not be needed. However it seems this would still require some specification changes to clarify how the UE would simultaneously operate in both the source and the target cells. 
A question remains on whether the requirement would also be achieved by a dual RX UE (i.e. with no dual TX capability). RAN4 would have to be consulted to answer this.



The points discussed above seem sufficient to provide an answer on whether the IMT2020 requirement on the 0ms handover interruption time can be fulfilled or not, as it is sufficient to show that one solution exists to fulfill the requirement. However, it seems also important to understand if the requirement can be achieved with a different UE hardware implementation, e.g. if the UE is equipped with 2 RX but only 1 TX. According to the analysis above, RAN4 should probably be consulted on this. 
Statement4: A LS should be sent to RAN4 asking for the impacts of the TX RF tuning on the UE processing time during an inter-frequency handover, if the UE is equipped with 2 RX but only 1 TX.
Companies are invited to comment on the proposal above / Statement 4.
	Company
	Comment

	Samsung
	In general we are positive with regards to sending the LS to RAN4. However, we should bear in mind that:
· It is not about how many RX/TX chains a UE has, but more about the UE RF/HW capability to tune independent chains to different cells and/or frequencies. In other words, a particular UE implementation is not relevant as long as it can meet the requirements.
· The question applies to both intra- and inter-frequency case because existing MBB RAN4 performance requirements are not 0ms, but rather 5ms. In other words, the existing inter-frequency performance requirements should be also revised.
Statement4: A LS should be sent to RAN4 asking for the feasibility of the 0ms interruption time for LTE and NR during inter-/intra-frequency handover.

	Huawei & HiSilicon
	Although there is no hurt to get input from RAN4 on the behavior of certain types of UEs,we don’t see this LS is really needed.
As we indicated before, the interruptiontime specified in RAN4 is not really fit to this discussion. 

	OPPO
	We are not sure sending an LS to RAN4 is useful or not, since it seems currently that the bottleneck is RAN2 specifications.

	ZTE
	Comment to Samsung:
We are fine to rephrase the question(s) to RAN4. However we should try to avoid a generic request on "feasibility of 0ms handover interruption time", not to replicate the full discussion in RAN4. The actual questions to RAN4 can be drafted during RAN2#101 based on the online discussion.

	CATT
	A LS sent to RAN4 probably won’t have much help on RAN2's further study of the 0 ms enhancement mechanism.

	Intel
	We should first identify what we really need in order to achieve 0ms interruption before we send LS to RAN4. 

	Mediatek
	We are also positive to send the LS to RAN4. 
If UE is capable of simultaneous Tx/Rx with both source cell and target cell, 0ms interruption HO can be achieved. However, we need to understand the cost and complexity to have the capability. If UE is not capable of simultaneous Tx/Rx with both source cell and target cell, UE processing time for RF/baseband re-tuning needs to be considered. We need to ask RAN4 whether UE processing time for RF/baseband re-tuning can be reduced to 0ms for intra-frequency HO with synchronous network. 
Besides that, we also need to understand the feasibility in synchronous/asynchronous network and whether the feasibility is impacted in different band, e.g. LF and HF. 
Statement 4: A LS should be sent to RAN4 asking for the feasibility of the 0ms interruption time for LTE and NR during inter-/intra-frequency handover in synchronous and asynchronous network. Does the feasibility depend on whether it’s HF or LF? 
Question: Can UE processing time for RF/baseband re-tuning be reduced to 0 for intra-frequency HO with synchronous network?


	Sony
	No strong opinion either way. We think RAN2 also need to discuss this topic and in parallel RAN4 may also start the discussion.

	Nokia
	We do not see a need to send the LS to RAN4 which would concern the solution they have already analyzed and for which requirements have been defined (in TS 36.133). As commented above by Intel, CATT, OPPO, Huawei: hard to expect something tangible from RAN4 without any conclusions/procedure enhancements in RAN2.

	Qualcomm
	Agree that an LS should be sent to RAN4 to get confirmation on both Intra-Freq and Inter-Freq feasibility.

	AT&T
	We don’t have a strong opinion, but tend to agree with views expressed by Nokia, Intel, CATT, OPPO, and Huawei. 

	Apple
	It would be helpful if we can get more information from RAN4 on the following issues:
· For LTE, whether 5ms processing time can be reduced to 0ms;
· For NR, what is the interruption time requirement defined in RAN4.

	Ericsson
	Based on our comment above regarding statement 3, we don’t think there is a need for an LS to RAN4.



	Summary of the discussion: 
Different views were expressed on the need for a LS to RAN4.
As a compromise it is suggested to ask at least for a confirmation of suggested Conclusion 1 (if this is confirmed it is believed that also Conclusions 2 and 3 can also be automatically confirmed). 
Additionally RAN4 could be asked about the single RX UE case (in the intra-frequency handover case) and the dual RX UE, i.e. with no dual TX capability (in the inter-frequency handover case).
Proposal 1: Send a LS to RAN4 to:
1. Confirm suggested Conclusion 1 above.
And optionally:
2. Ask whether there are any conditions where the UE processing time of a single RX UE can be neglected in an intra-frequency MBB + RACH-less handover (so that the handover interruption time can be reduced down to 0ms)
3: Ask whether, in an inter-frequency MBB + RACH-less handover (where applicable), the 0ms handover interruption time requirement can be met with a dual RX UE (with independent RF chains) or whether a dual RX/TX UE is needed.



3. Conclusion and proposals
The following conclusions and proposal for a LS to RAN4 are suggested: 
Conclusion 1: For the intra-frequency case, under the assumption of a dual RX UE (with independent RF chains), with the combination of Make-Before-Break (MBB) and RACH-less handover, the handover interruption time in LTE can be reduced down to 0 ms (in the scenarios where RACH-less handover is applicable, i.e. no/negligible UE TA difference between the source and the target cell).
Conclusion 2: For the intra-frequency case, under the assumption of a dual RX UE (with independent RF chains), with the combination of Make-Before-Break (MBB) and RACH-less handover, the handover interruption time in NR can be reduced down to 0 ms (in the scenarios where RACH-less handover is certainly applicable, i.e. the lower frequency case with no/negligible UE TA difference between the source and the target cell).
Conclusion 3: For the inter-frequency case, under the assumption that the UE can simultaneously transmit/receive in the source and in the target cells, with the combination of Make-Before-Break (MBB) and RACH-less handover, the handover interruption time in both LTE and NR can be reduced down to 0ms (in the scenarios where RACH-less handover is applicable).
Proposal 1: Send a LS to RAN4 to:
1. Confirm suggested Conclusion 1 above.
And optionally:
2. Ask whether there are any conditions where the UE processing time of a single RX UE can be neglected in an intra-frequency MBB + RACH-less handover (so that the handover interruption time can be reduced down to 0ms)
3: Ask whether, in an inter-frequency MBB + RACH-less handover (where applicable), the 0ms handover interruption time requirement can be met with a dual RX UE (with independent RF chains) or whether a dual RX/TX UE is needed.
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