14

[bookmark: historyclause]3GPP RAN WG4 Meeting #93		R4-1915151
Reno, NV, USA, 18th – 22nd November 2019	

Agenda item:	9.3.2.1
Source:	Apple Inc.
Title:	Further considerations on the interruption time for simultaneous Tx/Rx with the source and target cells
[bookmark: OLE_LINK4]WI:	NR_Mob_enh-Core
Release:	Rel-16
Document for:	Discussion

1	Introduction 
LTE mobility enhancements, which were specified in Rel-14, introduced two features that aim at decreasing overall handover time: MBB and RACH-less. As similar mobility enhancements are being considered now for NR in Rel-16 [1], companies present further technical analysis on whether same design principles as in LTE would be applicable for NR or new solutions should be developed. 
Referring more specifically to the "make-before-break" feature, one of the open questions for the RAN WG4 RRM is how to devise new performance requirements for a UE supporting the corresponding mobility enhancements. Some discussions already took place during the RAN4#92bis meeting, whereupon it was concluded that the same definition for the handover delay and the interruption will be used. However, RAN WG4 did not agree performance requirements for the interruption time.  
2	Handover delay and interruption time 
Referring to TS 38.133, the handover delay procedure comprises the RRC procedure delay and the interruption defined as time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay. As discussed and concluded during the RAN4#92bis meeting [2], eMBB handover can rely upon same definitions for the handover delay and the interruption time: 
Dhandover = TRRC_procedure + Tinterrupt ms;
Tinterrupt = Tsearch + TIU + Tprocessing+ T∆ ms.
Referring to the formulas with the handover delay and the interruption time, it is worth noting that RRC procedure delay (TRRC_procedure) can be assumed to be the same as for the legacy handover. Indeed, since the handover procedure is triggered by the RRC re-configuration message, the eMBB handover will be also triggered by the same RRC re-configuration message (obviously containing new parameters needed for the enhanced handover procedure).  
Observation 1:	RRC procedure delay for eMBB handover is the same as for the legacy handover because it is triggered by the same RRC re-configuration message.
As for the interruption time, it is worth checking whether time required to search for the target cell (Tsearch) can be assumed 0ms or not. On the one hand, the enhanced handover can be in principle triggered for a cell not known to the UE. On the other hand, it is not likely that the network would trigger enhanced handover procedure for a cell, that a UE has not detected and measured. In other words, it is not clear why the network would enable enhanced handover in this case.
Observation 2:	Tsearch can be assumed 0ms (if the network triggers enhanced handover only for the known cell).
Regarding processing time, its value varies from 20ms to 40ms for the legacy handover depending on the handover case, such as FR1-FR1 or FR2-FR2. Since the premise idea of the eMBB enhancements is to reduce the overall interruption time, it is necessary to consider lower values from legacy interruption time because otherwise the feature will not bring any benefits. As already assumed by RAN WG2 and WG4, a UE is anticipated to establish link to the target cell while keeping a connection to the source cell, which will be released once the handover procedure is over. From that perspective it is possible to assume that interruption time should close to 0ms. However, as discussed during the RAN4#92bis meeting, establishing a link to the target cell and releasing a connection to the source cell might cause further interruptions. As captured in WF [2], it is suggested to "reuse existing NR PSCell/SCell addition interruption requirement, i.e. follow Table 8.2.4.2.1-1 for inter-band synchronous and Table 8.2.4.2.1-2 for intra-band synchronous". Referring to the corresponding interruption time numbers (see also Annex A), it is possible to see that it is defined as "1 slot + Tsmtc_duration". Accounting for the fact that that 1 slot is 1ms for 15kHz SCS and Tsmtc_duration is 5ms, it is possible to assume 6ms for interruption time for inter-frequency eMBB handover. And since the serving cell is interrupted by addition of a link, which is followed by the interruption of the target cell caused by the serving cell deactivation, it could be even more.
Observation 3a:       For inter-frequency case, the interruption time could be defined same as the one used Scell/PScell addition requirement, which is up to 6ms.
For the intra-frequency case, the preliminary agreements was to re-use existing BWP switching time as a starting point to define the interruption time. Referring to Table Table 8.6.2-1 from TS 38.133, one can see that the actual value depends on the SCS size and in the worst case can vary from 2.25 to 3ms. So the interruptin time can be assumed to be at least 3ms. Based on the previous discussion for NR BWP switching, AGC settling for BWP switching with different BWP size is not needed because UE can use current AGC of current BWP size to proportionally scale the target AGC for different BWP size on the same serving cell. However, as we need to derive the AGC of intra-frequency target cell with a potentially different channel bandwidth, we cannot directly use the source cell AGC to proportionally scale to AGC for dual connection with "target cell + source cell". In this sense, 3ms interruption time can be viewed as the minimum, but it still could be somewhat stringent for handover. Furthermore, regardless of the fact whether it is inter- or intra-frequency handover, we anticipate that a UE implementation will perform similar actions by activating a link to the target cell and releasing the link to the source cell. In that sense Tprocesing value can be close to the one considered for inter-frequency handover. 
Observation 3b:       For intra-frequency case without BW change interruption time should be at least 3ms; while for intra-frequency case with BW change interruption time should be at least 6ms.
Observation 3c:	 Since a UE perform similar, if not identical, actions by adding a link to the target cell and releasing the source cell regardless of the fact whether it is intra- or inter-frequency handover, interruption time can be assumed also around 6ms.

[bookmark: _Toc23944871][bookmark: _Toc24008150][bookmark: _Toc24096022]Proposal:	For eMBB handover, interruption time is 6ms for both intra- and inter-frequency handover.
3	Conclusions
[bookmark: _GoBack]In this discussion paper we have presented our further considerations on the handover delay and the interruption time for a case when a UE maintains connection to both serving and the target cells. As presented in the paper, since the overall framework can remain the same, we just need to devise the corresponding interruption time values for intra- and inter-frequency cases.  As we detailed in the paper, a UE is going to perform almost identical actions for eMBB handover regardless of the fact whether it is intra- or inter-frequency handover because it will anyway add a link to the target cell and release a link to the source cell. Thus, for the sake of specification simplicity we can consider same interruption time value for all the handover scenarios. 
Proposal:	For eMBB handover, interruption time is 6ms for both intra- and inter-frequency handover.
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Annex A: Excerpt from TS 38.133

8.2.4.2.1	Interruptions at PSCell/SCell addition/release
When PSCell or any number of SCells between one and TBD is added or released using the same RRCConnectionReconfiguration message as defined in TS 38.331 [2], the UE is allowed an interruption on any activated serving cell during the RRC reconfiguration procedure as follows:
-	an interruption on any active serving cell:
-	of up to the duration shown in table 8.2.4.2.1-1, if the active serving cell is not in the same band as any of the SCells being added or released, or
-	of up to the duration shown in table 8.2.4.2.1-2, if the active serving cells are in the same band as any of the SCells being added or released, provided the cell specific reference signals from the active serving cells and the SCells being added or released are available in the same slot.
Table 8.2.4.2.1-1: Interruption duration for PSCell/SCell addition/release for inter-band DC/CA
	[image: ]
	NR Slot length (ms) of victim cell
	Interruption length (slot)

	0
	1
	1 

	1
	0.5
	2 

	2
	0.25
	Both aggressor cell and victim cell are on FR2
	4 

	
	
	Either aggressor cell or victim cell is on FR1
	5

	3
	0.125
	Aggressor cell is on FR2
	8 

	
	
	Aggressor cell is on FR1
	9 

	Note: 	TSMTC_duration is
	- the longest SMTC duration among all above active serving cells and the SCell being added when one SCell is added;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is released.  



Table 8.2.4.2.1-2: Interruption duration for SCell addition/release for intra-band DC/CA
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	NR Slot length (ms)
	Interruption length (slot)

	0
	1
	1 + TSMTC_duration 

	1
	0.5
	2 + TSMTC_duration 

	2
	0.25
	4 + TSMTC_duration 

	3
	0.125
	8 + TSMTC_duration 

	Note: 	TSMTC_duration is
	- the longest SMTC duration among all above activeserving cells and the SCell being added when one SCell is added;
	- the longest SMTC duration among all active serving cells in the same band when one SCell is released.  
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