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1	Introduction
In RAN2-110e meeting, NeedForGap signalling (i.e. measurement gap requirement) for NR measurement was agreed in Rel-16 for UE in LTE SA or NR SA as below. However, due to time limitation in TEI16, NeedForGap for UE configured in MR-DC was not fully discussed thus not agreed.
· For LTE SA: Support inter-RAT NeedForGap capability reporting in UE-EUTRA-Capability per (source) band combination per target band, as agreed in [1][2]. 
· For NR SA: Support inter-freq NeedForGap capability dynamically reported in the RRC response message per target band based on UE’s “current” configured band combination and other L1 parameters, and support dynamic reported intra-freq NeedForGap capability per serving cell, as agreed in [3]. 
In RAN2-112e meeting, it was concluded that, for Rel-16 there is no extension of dynamic reporting to DC cases.
	For R16: No 1-bit approach, neither for NR nor for LTE, and no extension of dynamic reporting to DC cases.


Consequently, the measurement gap is always provided for the following cases [4], which will downgrade UE's throughput even UE support gapless measurement.
· In EN-DC, NGEN-DC and NE-DC, for UEs configured with E-UTRA inter-frequency measurements;
· In NR-DC, for UEs configured with E-UTRAN inter-RAT measurements;
· In MR-DC, for UEs that support either per-UE or per-FR gaps, when the conditions to measure SSB based inter-frequency measurement or SSB based intra-frequency measurement as described in clause 9.2.4 in TS 38.300 are met;
In this contribution, we want to discuss the issues and possible solutions to support NeedForGap in MR-DC in Rel-17.
2	Discussion
When MR-DC is configured, UE is connected to two nodes (i.e. both MN and SN). The design of NeedForGap capability reporting is more complicate than SA case. In our view, there are several issues that should be addressed.
The first question is: should the NeedForGap mechanism in MR-DC (e.g. EN-DC) case be based on NR SA dynamic mechanism (i.e. the NeedForGap reported via UL RRC Response messages) or LTE SA static mechanism (i.e. the NeedForGap reported via UECapabilityInformation message) ?
The motivation to introduce dynamic NeedForGap signaling procedure in NR SA is that, whether UE could perform gapless measurement not only depends on the current band combination but also other L1 parameters that may occupy some baseband resource (e.g. number of MIMO layers).  Thus, the dynamic reporting of NeedForGap is designed as per target band based on UE’s “current” configured band combination and other L1 parameters configured by DL RRC Reconfiguration message. On the contrary, in legacy LTE design (i.e. static NeedForGap signaling), UEs tend to set NeedForGap to TRUE in most cases unless it can support gapless measurement in all kinds of L1 configuration in the Band Combination.
In the MR-DC case, it seems more reasonable to use the NR SA dynamic mechanism, where the UE may have more opportunities to report gapless measurements in the NR SA solution than in the LTE SA solution, because it only considers the resultant L1 configuration of the UE (when reporting) for a given band combination, instead of all possible L1 configurations.
Proposal 1: The dynamic NeedForGap reporting mechanism supported in NR SA should be applied to MR-DC case.
For MR-DC, how to trigger UE reporting NeedForGap information is the second question. In NR Standalone (SA) dynamic reporting mechanism, gNB sends RRC Reconfiguration message to UE with or without requesting UE report gap capability (via IE needForGapsConfigNR), and UE will send the UL RRC response messages with UE's NeedForGap capability to serving cell if either of below condition is met.
· If the NeedForGap information is changed compared to last time the UE reported this information or 
· If gNB requests UE to report NeedForGap information by setting needForGapsConfigNR to setup in the RRC Reconfiguration message 
In MR-DC, we think above two triggers should be kept same as NR SA.
Proposal 2: In MR-DC, UE should report NeedForGap information to NW with the same trigger as NR SA.
In MR-DC, both network nodes (MN and SN) can send RRC Reconfiguration message to UE. For MN, RRC Reconfiguration will be sent via MN’s SRB. For SN, due to SRB3 existing, RRC Reconfiguration message from SN may be sent to UE via SN’s SRB3 or embedded into MN’s Reconfiguration message via MN’s SRB. No matter MN or SN may change the UE’s resultant configured band combination and other L1 parameters, thus change the UE’s NeeForGap capability. So, the third question is, which node (MN or SN) the UE should report the gap requirement capability when it is in MR-DC?
We think the focus here is the case with SN involved. e.g. in the case NeedForGap information was changed by SN because resultant configuration was changed by DL RRC Reconfiguration message from SN (message embedded into MN’s SRB or SRB3). In that case, the UE should report the new NeedForGap information even NW(Network) does not request it. Similarly, SN may request UE report NeedForGap information in DL RRC Reconfiguration message and UE has to report it.  However, in MR-DC, UE has two nodes. In theory, UE may report the capability to either MN or SN. 
In previous email discussion [108#58][TEI16] NeedForGap Signaling [5], there are two options on table:
· Option1: UE reports the NeedForGap capability to whichever node that generates the RRCReconfiguration message
In this option, the new NeedForGap information will be included in SN Reconfiguration complete message. It could be either embedded in MN RRC Reconfiguration Complete message sending via SRB1 or in the SN Reconfiguration Complete sending via SRB3.
· Option2: UE reports the NeedForGap capability to MN even if the capability is changed due to RRCReconfiguration from SN.
In this option, the new NeedForGap information will be included in UE assistance information message to MN if the SN reconfiguration sending via SRB3. Or the new NeedForGap information will be included in MN RRC Reconfiguration Complete message if the SN Reconfiguration is embedded into MN’s Reconfiguration sending via MN’s SRB.
Option1 will re-use the RRC Reconfiguration Complete message which is the response for DL RRC Reconfiguration while Option2 need UE trigger a new UL message (e.g. UE assistance information) to report capability to MN if the SN reconfiguration sending via SRB3. From Uu resource utilization point of view, we think Option1 is better than Option2. Of course, Option1 may need NeedForGap capability exchange via inter-node message.
Proposal 3: In MR-DC, both MN and SN may generate RRC Reconfiguration message to UE and change UE’s NeedForGap capability. UE should report the NeedForGap capability to whichever node that generates the RRC Reconfiguration message. MN and SN can exchange received UE capability each other if needed.
According to summary of gap pattern deciding node as table1 below [6], MN and SN need to exchange the capability info as below.
· For (NG) EN-DC, since both MN and SN may configure measurement gap, both MN and SN should inform the other node NeedForGap capability via inter-node message. 
· For NE-DC and NR-DC, since measurement gaps are always configured by MN, only SN should inform MN NeedForGap capability via inter-node message.


Table1: RAN node deciding gap pattern in MR-DC
	Case#
	MR-DC architecture option
	Gap type
	RAN node deciding gap pattern

	1
	(NG)EN-DC
	Per-UE gap
	(ng)eNB

	2
	
	Per-FR gap – FR1
	(ng)eNB

	3
	
	Per-FR gap – FR2
	gNB

	4
	NE-DC
	Per-UE gap
	gNB

	5
	
	Per-FR gap – FR1
	gNB

	6
	
	Per-FR gap – FR2
	gNB

	7
	NR-DC
	Per-UE gap
	gNB

	8
	
	Per-FR gap – FR1
	gNB

	9
	
	Per-FR gap – FR2
	gNB



Proposal 3a: In (NG)EN-DC, when SN received UE reported UE capability (NeedForGap), SN shall transfer it to MN via Inter-Node message, e.g., CG-Config. Or vice-versa when MN received UE reported capability.
Proposal 3b: In NE-DC and NR-DC, when SN received UE reported UE capability (NeedForGap), SN shall transfer it to MN via Inter-Node message. No need to transfer received UE capability from MN to SN.
Due to both MN and SN may send RRC Reconfiguration messages to UE simultaneously (e.g. MN change and SN change are embedded in one SRB message from MN to UE) or in very short period (e.g. one in MN SRB while the other in SN SRB3),  it is possible that two received RRC Reconfiguration messages may cause different change of UE NeedForGap. How MN and SN co-ordination to avoid duplicate request to UE report UE capability, as well as how to exchange MN and SN received capability (to guarantee each node has the latest information) should be studied.
Proposal 4: RAN2 to discuss, in MR-DC, how to avoid RRC Reconfiguration messages from both MN and SN which may request UE report duplicate capability to both nodes, as well as how to exchange MN and SN received capability in inter-node message to guarantee each node achieve the latest information.
3	Conclusion
Based on the discussion in section 2, to support NeedForGap reporting in MR-DC, we have below proposals: 
Proposal 1: The dynamic NeedForGap reporting mechanism supported in NR SA should be applied to MR-DC case.
Proposal 2: In MR-DC, UE should report NeedForGap information to NW with the same trigger as NR SA.
Proposal 3: In MR-DC, both MN and SN may generate RRC Reconfiguration message to UE and change UE’s NeedForGap capability, UE should report the NeedForGap capability to whichever node that generates the RRC Reconfiguration message. MN and SN can exchange received UE capability each other if needed.
Proposal 3a: In (NG)EN-DC, when SN received UE reported UE capability (NeedForGap),  SN shall transfer it to MN via Inter-Node message, e.g., CG-Config. Or vice-versa when MN received UE reported capability.
Proposal 3b: In NE-DC and NR-DC, when SN received UE reported UE capability (NeedForGap), SN shall transfer it to MN via Inter-Node message. No need to transfer received UE capability from MN to SN.
Proposal 4: RAN2 to discuss, in MR-DC, how to avoid RRC Reconfiguration messages from both MN and SN which may request UE report duplicate capability to both nodes, as well as how to exchange MN and SN received capability in inter-node message to guarantee each node achieve the latest information.
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