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Discussion and Decision
1
Introduction
Lots of progress are achieved at RAN4#84bis. All the related agreements can be found in R4-1711936 and the LS (R4-1711940) that will send to RAN2. Some of the agreements that relates to the gap configuration in RAN2 are quoted here for reference:

Agreement on gap types:

To do in RAN4#85: introduce measurement gap based requirements for per-UE based measurement gap and FR1/2 independent measurement gap (best effort based)
Agreements on MGRP:

· RAN4 considers that measurement gap repetition periods (MGRP) of 20ms, 40ms, 80ms and 160ms should be specified configured by LTE RRC signaling specified in 36.331 and also configured by NR RRC specified in 38.331 

· Four MGRP to be introduced: 20ms, 40ms, 80ms and 160ms for NSA and SA NR UE

· If non-NR measurement objects are configured, 160ms MGRP should not be used

· FFS: 40ms MGRP LTE requirements will apply if 20ms MGRP common gap is configured

· For UE not supporting NR, both 20ms and 160ms should not be configured 

· Necessity of 20ms MGRP +6ms MGL to be confirmed by RAN4#85

· To do in RAN4#85: 

· Identify the combinations of MGRP and MGL, which are necessarily to be introduced in Rel-15

· Update measurement gap configuration table based on updated MGL and MGRP
Agreements on MGL:

· RAN4 considers that there will be 6 options for measurement gap length (MGL) for NR
· For UE supports single and per UE gap, three MGL are introduced, 6ms, [4]ms and 3ms

· For UE support independent gap for FR1/2, the following MGL are introduced

· FR1 measurement objects: 6ms, [4]ms and 3ms

· FR2 measurement objects: 

· With FR1/LTE serving cell only: 6ms, [4]ms and 3ms

· With FR2 serving cell: 

· If identical gap is configured for both FR1 and FR2: 6ms, [4]ms, 3ms,

· If independent gap is configured for FR1 and FR2:[1+x] ms, [2.25+x] ms, [5+x]ms 

Note: x is defined based on RF switching time and TBD in RAN4#85

· Non-NR-capable UE does not need to support new gap other than 3ms or 6ms
Agreements on gap pattern:

· In total, there are therefore 6 potential MGL options x 4 MGRP options=24 gap pattern IDs for NR. 4 of these options are expected to correspond to the already existing LTE gap pattern IDs 0, 1, 2 and 3. Existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0,1,2, and 3 are not used for NR target cell measurements in Rel-15.
· RAN4 may still discuss, and if agreed, define in 38.133 that only a subset of the 24 gap pattern IDs are applicable for measurements in certain scenarios which would be identified and defined by RAN4.
· Measurement Gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap. 

Agreements on UE capability:

· For UE capabilities, RAN4’s agreements are

· The capability to concurrently perform intrafrequency measurement on serving cell or neighbor cell and receive PDCCH or PDSCH from the serving cell with a different numerology is a band independent UE capability

· From RAN4 perspective, a capability to indicate whether a UE can support two independent measurement gap configurations for FR1 and FR2 is recommended. RAN4 will work on specifications for independent gap measurement configuration on a best effort basis. 

· needforGaps capability signaling would reduce needed gaps in LTE+NR NSA operation and therefore is beneficial for capable UEs. RAN2 is recommended to evaluate the feasibility of extending the LTE ‘needforGaps’ signaling to include LTE+NR NSA operation.

In this contribution, the configuration of measurement gap in RAN2 will be discussed, including the case for SA and NSA (mainly focus on EN-DC).
2
Discussion
Per RAN4 agreements, four MGRP of 20ms, 40ms, 80ms and 160ms should be specified both in LTE 36.331 and NR 38.331. Six options for MGL, i.e. 3ms, [4] ms, 6ms, [1+x] ms, [2.25+x] ms, [5+x] ms are agreed. And when configuring measurement gap, per-UE based measurement gap or FR1/2 independent measurement gap can be configured according to UE capability. That is, if UE indicate a capability to support two independent measurement gap configurations for FR1 and FR2, then the NW can configure FR1/2 independent measurement gap for the UE, otherwise, the NW should configure per-UE based measurement gap for the UE.

According to the progress in RAN4, if UE support the single per-UE based gap, only MGL 3ms, [4] ms or 6ms should be configured. So from this perspective, in case of EN-DC, if the UE supports only single UE-based gap, then the three MGL 3ms, [4] ms and 6ms should be specified configured by LTE RRC signaling specified in 36.331  and also configured by NR RRC specified in 38.331.

However, if UE support independent gap for FR1/2, for FR1 MO (measurement object), only MGL 3ms, [4] ms, or 6ms should be configured. While for FR2 MO, MGL [1+x] ms, [2.25+x] ms, or [5+x]ms can be configured only if there’s at least one FR2 serving cell configured and independent gap is configured separately for FR1 and FR2. Otherwise, in case there’s no FR2 serving cell configured (i.e. only configured with FR1/LTE serving cells), or an identical gap is configured for both FR1 and FR2 even though there’s at least one FR2 serving cell configured, only MGL 3ms, [4] ms, or 6ms should be configured. Given these agreements, in EN-DC, when MN (LTE) configuring inter-RAT measurement on NR:

· Before the adding of SN(Case1):  only MGL 3ms, [4] ms, or 6ms can be configured by MN (LTE);

· If only with FR1/LTE serving cell configured, i.e. LTE serving cell on MN and FR1 serving cell on SN (Case2): only MGL 3ms, [4] ms, or 6ms can be configured by MN (LTE);

· If with both LTE/FR1 serving cell and FR2 serving cell configured, i.e. LTE serving cell on MN, FR2 and maybe also FR1 serving cell on SN (Case3): all the 6 options can be configured to the UE. However, in EN-DC, SRB3 can be configured on the SN and SN can configure measurement, including measurement gap by itself. So in this case, SN knows well that there’s at least one FR2 serving cell configured and can configure the independent gap for FR2 directly. In this way, there’s no need to support MGL [1+x] ms, [2.25+x] ms, and [5+x] ms in MN (LTE). In other words, only MGL 3ms, [4] ms, and 6ms should be supported and specified by LTE RRC.

Given the above, to support measurement gap configuration for NR:

In NR RRC: all the four MGRPs and all the six options for MGL should be specified.

In LTE RRC: all the four MGRP of 20ms, 40ms, 80ms and 160ms should be specified; only MGL 3ms, [4] ms, and 6ms need to be specified. 
Proposal 1: Gap patterns with the MGRP of 20ms, 40ms, 80ms, 160ms and MGL of 3ms, [4] ms, and 6ms defined in 38.133 should be specified in 36.331.

Proposal 2: All the Gap patterns defined in 38.133 should be specified in 38.331.

In addition, according to the analysis above, especially the analysis of case3, we propose that for FR1/2 independent Gap, the Gap for FR2 can only be determined and configured by SN.

Proposal 3: For FR1/2 independent Gap configuration in EN-DC, the Gap for FR2 can only be determined and configured by SN.

It should be noted that per RAN4 agreements, existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0, 1, 2, and 3 are not used for NR target cell measurements in Rel-15. So it seems that if gap is needed for measuring at least one NR carrier, neither the non-uniform patterns nor NCSG patterns should be configured by LTE RRC. Then the question is, whether we should add a new measGapConfig for NR e.g. measGapConfigNR-r15 which includes the existing LTE gap pattern IDs 0, 1, 2, 3 and the new gap pattern for NR or we should incorporate the new gap patterns for NR into the existing single measGapConfig. If to introduce a new measGapConfigNR-r15, the LTE RRC configures either one of the two gaps at a time. If to incorporate into the single measGapConfig existing today, neither the non-uniform patterns nor NCSG patterns should be configured in case at least one NR carrier is configured for measurement in R15. Either solution can work. However, considering that the non-uniform gap patterns or NCSG patterns may be supported in R16 even for NR carriers, we proposal to incorporate the new Gap patterns for NR into the existing single measGapConfig in LTE RRC.

Besides, currently in LTE, the different gap pattern is given via a choice structure as following:

MeasGapConfig information element

-- ASN1START

MeasGapConfig ::=




CHOICE {


release







NULL,


setup







SEQUENCE {



gapOffset






CHOICE {





gp0








INTEGER (0..39),





gp1








INTEGER (0..79),





...,





gp2-r14







INTEGER (0..39),





gp3-r14







INTEGER (0..79), 




gp-ncsg0-r14





INTEGER (0..39), 





gp-ncsg1-r14





INTEGER (0..79), 





gp-ncsg2-r14





INTEGER (0..39), 





gp-ncsg3-r14





INTEGER (0..79),





gp-nonUniform1-r14




INTEGER (0..1279),





gp-nonUniform2-r14




INTEGER (0..2559),





gp-nonUniform3-r14




INTEGER (0..5119),





gp-nonUniform4-r14




INTEGER (0..10239)


}


}

}

-- ASN1STOP

With the introduction of new Gap patterns, for instance, as indicated by RAN4, with 6 MGL options and 4 MGRP options, there can be 24 gap patterns in total. Then concerns may arise that the introduction of new Gap patterns may increase the signalling overhead. However, it can be seen that with the adoption of CHOICE structure, 1 additional single bit can double the supported number of patterns, e.g. from 16 supported currently to 32.  So from signalling overhead point of view, it’s also acceptable to incorporate the new Gap patterns for NR into the existing single measGapConfig in LTE RRC. 

Proposal 4: To incorporate the new Gap patterns for NR into the existing single measGapConfig in LTE RRC.
While in NR RRC, it's possible to configure per-UE gap or independent FR1/2 measurement gap according to UE capability. So a choice of configuring per-UE gap or independent FR1/2 measurement gap should be supported in NR. One possible solution is to define a common IE (MeasGap in the following example) including all types of measurement gaps in NR and adopt a choice structure to configure either per-UE gap or independent FR1/2 measurement gap. An example is given in the following: 

MeasConfig information element

-- ASN1START

-- TAG-MEAS-CONFIG-START

MeasConfig ::=



   SEQUENCE {


-- Measurement objects


measObjectToRemoveList
   MeasObjectToRemoveList




OPTIONAL,


measObjectToAddModList
   MeasObjectToAddModList




OPTIONAL,


-- Reporting configurations


reportConfigToRemoveList   ReportConfigToRemoveList

      OPTIONAL,


reportConfigToAddModList   ReportConfigToAddModList


   OPTIONAL,


-- Measurement identities


measIdToRemoveList

   MeasIdToRemoveList





OPTIONAL,


measIdToAddModList

   MeasIdToAddModList





OPTIONAL,


-- Other parameters


--s-Measure config


s-MeasureConfig


   CHOICE {



ssb-rsrp


   RSRP-Range,









csi-rsrp


   RSRP-Range








} 















    OPTIONAL,


--Placehold for measGapConfig    

MeasGapConfig    
       CHOICE {
      release



   NULL,
      setup                  CHOICE{

           MeasGapConfigperUE          MeasGap      OPTIONAL,   -- Need M

           MeasGapConfigperFR          SEQUENCE {

      
        measGapConfigFR1
      MeasGap 
OPTIONAL,   -- Need M

     
           measGapConfigfr2
      MeasGap
OPTIONAL,   -- Need M

        }
      }

}

For the case of independent FR1/2 measurement gap, another question is whether mechanisms should be introduced to indicate which gap (for FR1 or for FR2) should be adopted for each measurement object. Per RAN4 agreement, RAN4 has clearly determines the range of FR1 (450 – 6000 MHz) and FR2 (24250 – 52600 MHz) [1]. So with the introduction of two independent measurement gaps for FR1/2, there's no need to indicate which measurement object to use which measurement gap. For instance, if a measurement object falls into the range of 24250-52600 MHz, the UE can know for sure that the gap for FR2 should be used (if need gap to measure this measurement object.)
Proposal 5:  Define a common MeasGap IE to include all types of measurement gaps in NR and adopt a choice structure to configure either per-UE gap or independent FR1/2 measurement gap.

Proposal 6: There’s no need to indicate which measurement gap should be used for a measurement object in case of independent FR1/2 measurement gap.

According to the most recent agreements at RAN2#99bis, three containers will be reported in the UE capability. One is the MR-DC band combination container and the other two are the separate LTE and NR capability container. Although the MR-DC band combination container can be interpreted by MN and SN, the two nodes can’t interpret the capability container from each other. So in this way, one node can’t be aware of the serving cell(s) reconfiguration of the other node and thus can’t know well the gap requirement changing caused by the reconfiguration of serving cell(s) in the other node. The issue is also pointed out in [2]Figure 1, that is for the case of EN-DC, the reconfiguration of serving cell(s) (e.g. add or delete serving cell(s)) in one node may change the UE capability thus change the gap requirement in another node, for instance as shown in .
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Figure  1
Observation 1: With the agreed UE capability reporting, one node can’t be aware of the serving cell(s) reconfiguration of the other node and thus can’t know well the gap requirement changing caused by the reconfiguration of serving cell(s) in the other node.

To handle the issue, the gap requirement should be coordinated between MN and SN. Table 1 below analyze the gap coordination between MN and SN. According to Proposal3 above and considering that MN is the master node which should have the high priority to take control of the management, the analysis is given based on the following principles.

Principle 1: For the case of single per-UE Gap, although coordination of Gap between MN and SN is allowed, the Gap is determined by the MN.

Principle 2: For the case of FR1/2 independent Gap:

· The Gap for FR1 is determined by the MN although coordination of Gap between MN and SN is allowed. 

· The Gap for FR2 is determined by the SN, no coordination of Gap between MN and SN is needed.

Table 1
	MN reconfiguration cause the SN gap change and/or MN gap change

	Single per-UE Gap:

S1. UE reports the need of gap on each LTE serving cell in RRCConnectionReconfigurationComplete; report the need of gap on each NR serving cell in the GenericContainer embedded in the RRCConnectionReconfigurationComplete.

S2. MN initiates SN modification procedure. MN sends SgNB Modification Request to SN, including the MeasGapConfig in MN side (if MN configures or determines the measurement gap from its perspective) in the message and including the GenericContainer received from UE in RRC Container.

S3. SN determines the required measurement gap from its perspective. 

S3-1. If the MeasGapConfig has received from MN in S2 and SN determines that the received MeasGapConfig is ok from SN perspective, SN applies the measurement gap received from MN and responds with the SgNB Modification Request Acknowledge message;

S3-2. If no MeasGapConfig has received from MN in S2 or MeasGapConfig has received but SN wants to have a different measurement gap, the SN initiates a SN initiated SN Modification. SN sends SgNB Modification Required message to MN, including the SN suggested measurement gap in the message. MN responds with a SgNB Modification Request message, with the determined measurement gap included in the message (for instance, the original MN determined gap if the MN is unwilling to accept the suggested gap. Or a determined gap according to the suggestion from SN). 

S4. MN and SN configure the determined Gap to UE.

For the case of configuring per CC measurement gap, MN/SN configures measurement gap on its corresponding serving cells according to the per CC gap indication received from UE. 

FR1/2 independent Gap:

S1. UE reports the need of gap on each LTE serving cell in RRCConnectionReconfigurationComplete; report the need of gap on each NR serving cell in the GenericContainer embedded in the RRCConnectionReconfigurationComplete.

S2. MN initiates SN modification procedure. MN sends SgNB Modification Request to SN, including the MeasGapConfig (for FR1) in MN side (if MN configures or determines the measurement gap for FR1 from its perspective) in the message and including the GenericContainer received from UE in RRC Container.

Note: for FR1/2 independent Gap, the MeasGapConfig in MN side is only for FR1. The Gap for FR2 can only be determined and configured by SN.
Note: for FR1/2 independent Gap, when the SN receives the gap requirements on each of its serving cells, and the gap requirements imply that Gap for FR2 is needed, the SN should configure the Gap for FR2 no matter whether gap is needed or not from the perspective of SN itself. In this way, if the SN doesn’t need gap to perform measurement on FR2 frequencies while the MN needs, Gap for FR2 can be configured by SN with no coordination between MN and SN.
S3. SN determines the required measurement gap. 

Gap for FR1: the same handling as S3-1 and S3-2 in the case of sing Per-UE Gap.

Gap for FR2:  SN determines the Gap for FR2 and no need to coordinate with MN.

 S4. MN and SN configure the determined independent Gaps to UE.

MN configures Gap for FR1 to UE. SN configures Gap for FR1 and/or Gap for FR2 to UE.

For the case of configuring per CC measurement gap, MN/SN configures measurement gap on its corresponding serving cells according to the per CC gap indication received from UE.

	SN reconfiguration cause the SN gap change and/or MN gap change
	Single per-UE Gap:

S1. UE reports the need of gap on each NR serving cell in RRCReconfigurationComplete; Reports the need of gap on each LTE serving cell in the GenericContainer embedded in RRCReconfigurationComplete.

S2. SN initiates SN modification procedure. SN sends SgNB Modification Required message to MN, including the MeasGapConfig configured or suggested in the SN side in the message and including the GenericContainer received from UE in RRC Container.

S3. MN determines the required measurement gap according to its gap requirement and the suggested gap from SN. MN responds with SgNB Modification Request, including the determined measurement gap in the message.

S4. MN and SN configure the determined Gap to UE.

For the case of configuring per CC measurement gap, MN/SN configures measurement gap on its corresponding serving cells according to the per CC gap indication received from UE. 

FR1/2 independent Gap:

S1. UE reports the need of gap on each NR serving cell in RRCReconfigurationComplete; Reports the need of gap on each LTE serving cell in the GenericContainer embedded in the RRCReconfigurationComplete.

S2. SN initiates SN modification procedure. SN sends SgNB Modification Required message to MN, including the MeasGapConfig (for FR1) configured or suggested in the SN side in the message and including the GenericContainer received from UE in RRC Container.

S3. MN determines the required measurement gap (for FR1) according to its gap requirement and the suggested gap from SN. MN responds with SgNB Modification Request, including the determined measurement gap (for FR1) in the message.

S4. MN and SN configure the determined Gap to UE.

MN configures Gap for FR1 to UE. SN configures Gap for FR1 and/or Gap for FR2 to UE.

For the case of configuring per CC measurement gap, MN/SN configures measurement gap on its corresponding serving cells according to the per CC gap indication received from UE.

	Note: gap change including:

1). From no need of gap on one serving cell to the need of gap

2). From need of gap on one serving cell to no need of gap

3). Change of the gap pattern


Given the analysis in Table 1, it can be seen that the gap coordination between MN and SN can be achieved with the adoption of the current specified MN initiated and/or SN initiated secondary node modification procedure. To enable the gap coordination:

· UE should report the need of gap on each LTE serving cell in RRCConnectionReconfigurationComplete and report the need of gap on each NR serving cell in the GenericContainer embedded in the RRCConnectionReconfigurationComplete. 

· UE should report the need of gap on each NR serving cell in RRCReconfigurationComplete and report the need of gap on each LTE serving cell in the GenericContainer embedded in RRCReconfigurationComplete. 

· The GenericContainer received from one node should be transferred to the other node when initiating the SN modification procedure. 

· MN should include the determined Gap, single Per-UE Gap or Gap for FR1 in case of FR1/2 independent in the SgNB Modification Request message. 

· SN should include the suggested Gap, single Per-UE Gap or Gap for FR1 in case of FR1/2 independent in the SgNB Modification Required message.

As illustrated in Table 1, it should be noted that in the above solution, although the UE reports the need of gap per serving cells, it doesn’t restrict the supporting of configuring per CC/per serving cell measurement gaps. 
So we have the following proposals:

Proposal 7: For the case of single per-UE Gap, although coordination of Gap between MN and SN is allowed, the Gap is determined by the MN.

Proposal 8: For the case of FR1/2 independent Gap:

· The Gap for FR1 is determined by the MN although coordination of Gap between MN and SN is allowed. 

· The Gap for FR2 is determined by the SN, no coordination of Gap between MN and SN is needed.

Proposal 9: The gap coordination between MN and SN can be achieved with the adoption of the current specified MN initiated and/or SN initiated secondary node modification procedure with the following enhancements:

· UE should report the need of gap on each LTE serving cell in RRCConnectionReconfigurationComplete and report the need of gap on each NR serving cell in the GenericContainer embedded in the RRCConnectionReconfigurationComplete. 

· UE should report the need of gap on each NR serving cell in RRCReconfigurationComplete and report the need of gap on each LTE serving cell in the GenericContainer embedded in RRCReconfigurationComplete. 

· The GenericContainer received from one node should be transferred to the other node when initiating the SN modification procedure. 

· MN should include the determined Gap, single Per-UE Gap or Gap for FR1 in case of FR1/2 independent in the SgNB Modification Request message. 

· SN should include the suggested Gap, single Per-UE Gap or Gap for FR1 in case of FR1/2 independent in the SgNB Modification Required message.
3
Conclusion
In this contribution, the measurement gap configuration is discussed with following observations and proposals:
Observations:

Observation 1: With the agreed UE capability reporting, one node can’t be aware of the serving cell(s) reconfiguration of the other node and thus can’t know well the gap requirement changing caused by the reconfiguration of serving cell(s) in the other node.
Proposals:

Proposal 1: Gap patterns with the MGRP of 20ms, 40ms, 80ms, 160ms and MGL of 3ms, [4] ms, and 6ms defined in 38.133 should be specified in 36.331.

Proposal 2: All the Gap patterns defined in 38.133 should be specified in 38.331.

Proposal 3: For FR1/2 independent Gap configuration in EN-DC, the Gap for FR2 can only be determined and configured by SN.

Proposal 4: To incorporate the new Gap patterns for NR into the existing single measGapConfig in LTE RRC.
Proposal 5:  Define a common MeasGap IE to include all types of measurement gaps in NR and adopt a choice structure to configure either per-UE gap or independent FR1/2 measurement gap.

Proposal 6: There’s no need to indicate which measurement gap should be used for a measurement object in case of independent FR1/2 measurement gap.

Proposal 7: For the case of single per-UE Gap, although coordination of Gap between MN and SN is allowed, the Gap is determined by the MN.

Proposal 8: For the case of FR1/2 independent Gap:

· The Gap for FR1 is determined by the MN although coordination of Gap between MN and SN is allowed. 

· The Gap for FR2 is determined by the SN, no coordination of Gap between MN and SN is needed.

Proposal 9: The gap coordination between MN and SN can be achieved with the adoption of the current specified MN initiated and/or SN initiated secondary node modification procedure with the following enhancements:

· UE should report the need of gap on each LTE serving cell in RRCConnectionReconfigurationComplete and report the need of gap on each NR serving cell in the GenericContainer embedded in the RRCConnectionReconfigurationComplete. 

· UE should report the need of gap on each NR serving cell in RRCReconfigurationComplete and report the need of gap on each LTE serving cell in the GenericContainer embedded in RRCReconfigurationComplete. 

· The GenericContainer received from one node should be transferred to the other node when initiating the SN modification procedure. 

· MN should include the determined Gap, single Per-UE Gap or Gap for FR1 in case of FR1/2 independent in the SgNB Modification Request message. 

· SN should include the suggested Gap, single Per-UE Gap or Gap for FR1 in case of FR1/2 independent in the SgNB Modification Required message.
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