[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #88              	R4-1810590
Gothenburg, Sweden, August 20 – 24 2018

Source:	Nokia, Nokia Shanghai Bell 
Title:	Need for measurement gap before EN-DC configuration  
Agenda item:	7.11.3.2
Document for:	Discussion
Introduction
[bookmark: _Hlk513205245]RAN4 has discussed the gap applicability and also UE measurement mode with different gap configurations for EN-DC and SA operation, and from the conclusions one can see when UE needs the measurement gaps to perform the measurement. However, RAN4 has not concluded the need for measurement before EN-DC configuration.
RAN2 has sent LS [1] informing RAN4 that RAN2 did not reach consensus to introduce the NeedForGap capability as in LTE, and asking RAN4 if MR-DC band combination can be used instead for network to know whether measurement gaps are required for specific measurement before EN-DC is configured. 
	ACTION: 	RAN2 respectfully asks RAN4 whether the MR-DC band combinations can allow the network to identify the cases where the LTE UE not yet configured with EN-DC can perform gapless measurements.


[bookmark: _Hlk513205847]In this paper, we will provide our views on need for measurement gap before EN-DC configuration.
Discussion
[bookmark: _Hlk513733380]Before EN-DC is configured, network could configure UE to do inter-RAT measurement on NR carriers in order to find a suitable candidate cell for PSCell, and the question is whether such measurement requires measurement gaps. Since other measurement, such as LTE inter-frequency measurement, may also require gaps, in the following we will address two scenarios:
· there is no other measurement that requires measurement gaps
· there is some measurement that requires measurement gaps
As learnt from the discussions for EN-DC and SA operation, we need to consider the UE capability on per FR gap and in which FR the measurement is performed. 
[bookmark: _Hlk521590279]2.1 Per UE gap
We first discuss the case where UE can can only support per UE gap and there is no other measurement that requires measurement gaps. According to Table 9.1.2-2 of 38.133, UE would require measurement gaps in LTE serving cells for inter-RAT NR measurement when in EN-DC. Of course, this can be also re-used for before EN-DC, but one should note that this is a worst assumption which means network would always configure gaps when UE performs inter-RAT NR measurement. 
Table 9.1.2-2: Applicability for Gap Pattern Configurations supported by the E-UTRA-NR dual connectivity UE
	Measurement gap pattern configuration
	Serving cell 
	Measurement Purpose
	Applicable Gap Pattern Id

	Per-UE measurement gap
	E-UTRA + FR1, or
E-UTRA + FR2, or
E-UTRA + FR1 + FR2

	non-NR RAT Note1,2 
	0,1,2,3

	
	
	FR1 and/or FR2 
	0-11

	
	
	non-NR RATNote1,2 and FR1 and/or FR2
	0,1,2,3

	Per FR measurement gap
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2
	0,1,2,3


	
	FR2 if configured
	
	No gap 

	
	E-UTRA and, FR1 if configured
	FR1 only 
	0-11 

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR2 only
	No gap

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 
	0,1,2,3

	
	FR2 if configured
	
	No gap

	
	E-UTRA and, FR1 if configured
	FR1 and FR2
	0-11 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR2
	0,1,2,3 

	
	FR2 if configured
	
	12-23

	
	E-UTRA and, FR1 if configured
	non-NR RAT Note1,2 and FR1 and FR2
	0,1,2,3 

	
	FR2 if configured
	
	12-23

	
Note: if GSM or UTRA TDD or UTRA FDD inter-RAT frequency layer is configured to be monitered, only measurement gap pattern #0 and #1 can be used for per-FR gap in E-UTRA and FR1 if configured, or for per-UE gap.
NOTE 1:	Non-NR RAT includes E-UTRA, UTRA and/or GSM.
NOTE 2:	The gap pattern 2 and 3 are supported by UEs which support shortMeasurementGap-r14.
NOTE 3:	When E-UTRA inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern #0 can be used.



Since the inter-RAT NR measurement is configured quite often in a network where EN-DC is deployed, it is desirable to not provide the gap configuration when it is not actually needed by UE. We understand the most efficient way to do this is to use capability like NeedForGap, however since it is not likely to be introduced in Rel-15, we should think of other means to assist network to know whether measurement gaps are required for the inter-RAT NR measurement. The MR-DC band combination information as mentioned in the RAN2 LS can be used.
Actually, RAN4 has already introduced a gapless measurement before EN-DC, for SFTD. In [2] it is agreed that UE should be able to perform interruption based SFTD measurement, i.e. SFTD measurement without measurement gaps, under following restrictions.
	The interruption-based SFTD reporting delay requirement is for Rel-15 derived under the assumption that there are no measurements carried out in measurement gaps while the UE is carrying out the SFTD measurement.
Interruption-based SFTD measurement is supported only for LTE – NR band combinations that are supported by the UE.


In our view, UE should be also able to do the interruption based inter-RAT RRM measurement under the same restriction, i.e. UE RF chains are only activated on carriers which can form a valid MR-DC combination. Of course, RAN4 needs to further discuss the exact interruption requirements. For SFTD measurement, an interruption rate is defined based on typical UE implementation of blind SSB search, while for RRM measurement the SMTC is known, so there is no uncertainty where UE will change the RF (turning on/off or adjusting the BW) to do the measurement, and the interruption locations can be fixed, which is also similar to NCSG in LTE Rel-14. 
[bookmark: _Ref521595551]If UE is only capable of per UE gap, when there is no other measurement that requires measurement gaps, inter-RAT NR measurement does not require gaps if all the serving carriers and target carriers form a valid MR-DC band combination; otherwise inter-RAT NR measurement requires measurement gaps.
If there is measurement that requires measurement gaps, network should provide the gap pattern. Since UE is only capable of per UE gap, the gap pattern should be per UE. Inter-RAT NR measurement, even alone may not require gaps, should be performed within the gaps.
[bookmark: _Ref521595553]If UE is only capable of per UE gap, when there is measurement that requires measurement gaps, a per UE gap pattern should be provided.
2.2 Per FR gap 
FR1 only
If UE can support per FR gap and the inter-RAT NR measurement involves only FR1 carriers, the case is similar to when UE can only support per UE gap. When there is no other measurement that requires measurement gaps, inter-RAT NR measurement on FR1 carriers does not require gaps if all the serving carriers and target carriers in FR1 form a valid MR-DC band combination. 
If there is measurement that requires measurement gaps, network should provide the gap pattern. Since the inter-RAT NR measurement only involves FR1 carriers, there is no difference whether the gap pattern is per UE or per FR or FR1. Inter-RAT NR measurement on FR1 carriers, even alone may not require gaps, should be performed within the gaps.
FR2 only 
If UE can support per FR gap and the inter-RAT NR measurement involves only FR2 carriers, when there is no other measurement that requires measurement gaps, according to Table 9.1.2-2 of 38.133, when UE has LTE and NR FR1 serving cells, and measurement purpose is FR2 carriers only (the case marked in yellow), gap is not needed on the LTE or NR FR1 serving cells. The same principle can be used for before EN-DC.
In RAN4-AH-1807, some companies proposed [3] that the support of per FR measurement is restricted to UE supported band combination. In our view, this is not necessary since in typical UE implementations, there are separate RF for FR1 and FR2. Even for some future band or band combination UE cannot support per FR independent measurement, it can be addressed by additional capability signalling like NeedForGap (we understand that the introduction of the capability or similar would be discussed in future releases).
If there is measurement that requires measurement gaps, network should provide the gap pattern. Since the inter-RAT NR measurement only FR2 carriers, it is a question whether the gap pattern is per UE or per FR or FR1. For EN-DC with serving cells in FR1, RAN4 has agreed the measurement requirements on FR2 carriers would depend on whether the configured gap pattern is per UR gap or per FR gap for FR1, and we think the same rule should also apply to before EN-DC. 
	For per-FR measurement gap capable UE configured with E-UTRA-NR dual connectivity, when serving cells are in E-UTRA and FR1, measurement objects are in both E-UTRA /FR1 and FR2,
-	If MN indicates UE that the measurement gap from MN applies to E-UTRA/FR1/FR2 serving cells, UE fulfils the per-UE measurement requirements for both E-UTRA/FR1 and FR2 measurement objects based on the measurement gap pattern configured by MN;
-	If MN indicates UE that the measurement gap from MN applies to only LTE/FR1 serving cell(s),
-	UE fulfils the measurement requirements for FR1/LTE measurement objects based on the configured measurement gap pattern;
-	UE fulfils the requirements for FR2 measurement objects based on effective MGRP=20ms;


FR1 + FR2 
If UE can support per FR gap and the inter-RAT NR measurement involves both FR1 and FR2 carriers, when there is no other measurement that requires measurement gaps, inter-RAT NR measurement on FR1 carriers does not require gaps if all the serving carriers and target carriers in FR1 form a valid MR-DC band combination. There is no need to consider FR2 carriers because, as discussed in section 2.1.2, UE should have completely separate RF implementations for FR1 and FR2 when it indicates the support of per FR gap.
If there is measurement that requires measurement gaps, network should provide the gap pattern. Since the inter-RAT NR measurement also involves FR2 carriers, as also discussed in section 2.1.2, network should provide a gap pattern, and the performance of FR2 carriers depends on whether the gap pattern is per UE or per FR for FR1.
Based on above discussions, we have the following proposals.
[bookmark: _Ref521595554]If UE is capable of per FR gap, when there is no other measurement that requires measurement gaps, 
· inter-RAT NR measurement in FR1 carriers does not require gaps if all the serving carriers and target carriers in FR1 form a valid MR-DC band combination; otherwise inter-RAT NR measurement on FR1 carriers requires measurement gaps.
· Inter-RAT NR measurement in FR2 carriers does not require gaps regardless if the target carriers in FR2 form a valid MR-DC band combination with serving cells or not.
[bookmark: _Ref521595556]If UE is capable of per FR gap, when there is measurement that requires measurement gaps, a gap pattern should be provided, and it is up to network configuration if it is per UE gap or per FR gap for FR1.
Conclusion
In this paper, we provided our views on the need for measurement gap before EN-DC configuration.
Proposal 1: If UE is only capable of per UE gap, when there is no other measurement that requires measurement gaps, inter-RAT NR measurement does not require gaps if all the serving carriers and target carriers form a valid MR-DC band combination; otherwise inter-RAT NR measurement requires measurement gaps.
Proposal 2: If UE is only capable of per UE gap, when there is measurement that requires measurement gaps, a per UE gap pattern should be provided.
Proposal 3: If UE is capable of per FR gap, when there is no other measurement that requires measurement gaps,
· inter-RAT NR measurement in FR1 carriers does not require gaps if all the serving carriers and target carriers in FR1 form a valid MR-DC band combination; otherwise inter-RAT NR measurement on FR1 carriers requires measurement gaps.
· Inter-RAT NR measurement in FR2 carriers does not require gaps regardless if the target carriers in FR2 form a valid MR-DC band combination with serving cells or not.
Proposal 4: If UE is capable of per FR gap, when there is measurement that requires measurement gaps, a gap pattern should be provided, and it is up to network configuration if it is per UE gap or per FR gap for FR1.
A draft reply LS to RAN2 is provided in [4] and CR to 36.133 in [5].
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