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1 Introduction
In RAN plenary meeting #97e, there was a discussion on per FR gap UE capability [1]. The conclusions are copied below for reference.

	- Conclusion F1: The following Root Cause / Justification is applicable:

 a) the possibility to do gapless measurements is valuable, which is possible by using per-FR-gaps,

 b) the assumption behind per-FR-gaps that FR1 and FR2 has separate resources in the UE is no longer true, and is the main reason why per-FR gaps need more fine-granular capability, or why other solution like needforgap should be considered.

- Conclusion F2: RAN2 to be tasked to progress this issue (also taking into account comments collected at TSG RAN), including solutions
- Alt 1.1 (More fine grained capability for Per-FR-Gaps, 1 bit per BC),
- Alt 1.3 (more fine grained capability for Per-FR-Gaps - limited by number of carriers), and

- Alt 2 (Use similar framework/procedure as for ”NeedForGap”).

- Conclusion F3: RAN2 to consider Alt. 1.1, 1.3 and 2, and discuss the signaling overhead and network processing requirements/complexity. RAN2 is tasked to provide results after one Quarter, and leave final decision(s) to TSG RAN.


In this contribution, we present our views on this issue and provide analysis on how to support it.
2 Discussion  
2.1 High level discussion
According to the proponent company’s comment in [1], the Rel-15 principle of per FR gap may not hold anymore due to the large CC number in high order CA combination. For example, there will be more reuse / sharing of hardware resources among different CCs/bands in CA implementation. Because of this, when the UE is operating in a high order CA combination on one FR, it will not have additional hardware available to perform per FR gap on another FR. It seems to say that the decisive factor of supporting the per FR gap or not is CC number. 

However, the contribution [2] states “The UE processing complexity and use of receiver chains is not dependent only on the number of CCs, it depends on the number of aggregated bands, aggregated bandwidth and number of layers per CC.” .
Proposal 1: The root cause and decisive factor of the issue is not clear and should be clarified. 
Then, it should be pointed out that hardware sharing on FR1/FR2 is an implementation choice of UE(s), which is also acknowledged by companies in RAN plenary discussion. In addition to that, our understanding is this is a typical RAN4 issue requiring a RAN4 agreement on the motivation and rationale. Though RAN plenary provided a guidance for RAN2 signaling design, it should be made clear the RAN4 agreement on the issue and the need of addressing it is essential for 3GPP to adopt any solution.
Proposal 2: RAN4 agreement on the issue and the need of addressing it is essential for 3GPP to adopt any solution. RAN2 should merely work on signaling but should not do solution endorsement.
Before going to details, we would like to discuss the applicable scenarios first. Since the Rel-15 Per FR gap is applicable to both NR SA and MR-DC scenarios, it seems straightforward for the new UE capability to also support MR-DC. But it is not clear if LTE SA should also support it, i.e., for inter-RAT measurement. 
Proposal 3: Confirm that both NR SA and MR-DC ( (NG)EN-DC, NR-DC, NE-DC ) scenarios should be supported. Discuss if LTE SA should support the new indication for inter-RAT measurement on FR2 bands.

2.2 Discussion on UE and network handling
Regarding how the UE sets up the legacy per FR gap bit and the new bit, our understanding is UE only reports per FR gap UE capability as “true” when it supports per FR gap regardless the actual BC/CA configurations. For a UE only supporting the per FR gap in a limited BC/CA, UE should set the legacy per FR gap indication as “false” and then use the new field to provide finer indication. 

From NW perspective, upon receiving a UE capability indicating legacy field as “false” and new field, a legacy NW would consider UE does not support the per FR gap while an upgraded NW would know UE supports limited per FR gap to certain BC/CA. In another word, when the new UE connects to legacy network, it would be only configured with per UE gap even if the BC/CA configuration is low, which will sacrifice the throughput of UE itself.

For a UE supporting the new UE capability, when a high order BC/CA configuration is provisioned by NW for which UE does not support the per-FR gap, NW is responsible to re-configure the per FR gap to per UE gap. 

Proposal 4: UE only reports the per FR gap capability (independentGapConfig) as true when UE can support it in any BC/CA configuration. UE sets the Rel-15 per FR gap capability (independentGapConfig) as false if it can only support per FR gap in certain BC/CA configurations.
Proposal 5: When a new UE is reconfigured with a high order BC/CA for which UE does not support per FR gap, upgraded NW is responsible to reconfigure the per FR gap to per UE gap. 
Observation 1: When a new UE connects to legacy network, its throughput gets compromised since only per UE gap can be configured even if the BC/CA configuration is low.
After getting a basic understanding on how the new UE capability works and how network copes with it, we would like to emphasize more on the impact to network. From our knowledge, existing network works fine with all UEs supporting per FR gap. If the new UE capability is introduced, network has to upgrade with a complex solution. For example, network may need to weigh the options of using a band combination where the UE supports per-FR gap (9CCs with support of per-FR gap) and the band combination (of higher order CA) where the UE doesn’t (10CCs without support of per-FR gap). 
Observation 2: Network operation gets more complicated in terms of determining the best configuration to UE between a lower BC/CA with per FR gap and higher BC/CA with per UE gap.
2.3 Discussion on alternatives
Signaling wise, RAN plenary listed three candidates [3] as below.
- Alt 1.1 (More fine grained capability for Per-FR-Gaps, 1 bit per BC),
- Alt 1.3 (more fine grained capability for Per-FR-Gaps - limited by number of carriers), and

- Alt 2 (Use similar framework/procedure as for ”NeedForGap”).
· Discussion on Alt 1.1

Alt 1.1 is to introduce a finer grained UE capability and change the per-UE capability to per BC UE capability. As explained in Section 2.1, if the decisive factor is CC number, the question is for a certain band combination UE may be configured with many or a few CC(s). Thus it’s not clear to us on the reasoning to make the UE capability merely relevant to band combination. 

On the other hand, if the decisive factors include number of CCs, number of aggregated bands, aggregated bandwidth and number of layers per CC, it becomes more confusing how the per BC UE capability can solve the issue since the information of aggregated bandwidth, CC number, and number of layers per CC are various in FeatureSetCombination for the band combination in UE capability. 
Observation 3: A pure per BC UE capability is not sufficient to differentiate the various combinations on carrier number, aggregated bandwidth and number of layers per CC.
One necessary enhancement on top of per BC indication we can foresee is UE need to report multiple sets of per BC UE capability for the same band combination. In each set, UE indicates the feature set combination along with per-BC per FR gap capability.
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It should be noticed that the UE capability signaling is doubled to indicate two different per FR gap capability for the same band combination. Another difficulty is in current spec [4], it says “Each band combination is linked to one feature set combination.” So introduction of the new UE capability breaks the principle designed since Rel-15. One more thing we would like to point out is when UE composes the FeatureSetCombination, more care should be paid to avoid the confusion at network side to figure out the per FR gap capability for the fallback feature sets. For example, it should be clear at network when figuring out the per FR gap capability for the combinations besides FeatureSetCombination#1 and FeatureSetCombination#2. 
Observation 4: For the same band combination, UE capability signaling overhead is doubled to enable the reporting of different per FR gap capability for different feature set combinations.

Observation 5: Current spec limits that each band combination is linked to one feature set combination.
In addition, the same problem exists for fallback band combination where UE would repeat the lower order band combination, just to indicate different per FR gap capability.
Observation 6: For Alt 1.1 (1 bit per BC indication), the fallback band combination should be repeated to report different UE capability on per-FR gap.
Proposal 6: RAN2 to discuss if Alt 1.1 should support reporting different per FR gap capability for different FeatureSetCombination(s) for the same band combination. 
· Discussion on Alt1.3

Alt 1.3 is a compromised solution we brought up in [5]. When Alternative 1.3 was proposed, the assumption is CC number is the decisive factor of determining per FR gap capability. If other factors, i.e. carrier bandwidth, MIMO layers are also relevant factors to consider, we think a combined solution of Alt 1.3 and Alt 2 can be considered. However, as discussed in section 2.1, the root cause is not clear and further discussed is needed.
ASN.1 change in TS38.331/TS38.306: Add the CC number threshold to the following IE(s).
1) UE-NR-Capability
2) UE-MRDC-Capability
In TS 36.331/TS36.306: No need to change as UE-MRDC-Capability is visible to EUTRAN MN. Here it assumes that LTE SA scenario is not applicable.

· Discussion on Alt 2
Alt 2 is to re-use similar signaling as NeedForGap. The NeedForGap was not designed for MR-DC, thus some enhancement on signaling would be required. It should be noticed that in LTE spec, the CR approved in [6] for NeedForGap is not the same as the dynamic NeedForGap feature in NR. It is actually a UE capability signaling and UE indicates the NeedForGap bit for each candidate LTE only band combination. To support the new indication, in EN-DC scenario, the UE capability for each candidate EN-DC band combination should be added.
Observation 7: NeedForGap signaling was not designed for MR-DC.

Observation 8: Static NeedForGap in LTE uses the UE capability signaling and is not the same as the dynamic NeedForGap feature in NR.

While in NR-DC and NE-DC scenario, since the RRCReconfiguration message already carries the NR-DC/NE-DC BC configuration to UE, UE can directly report the gap indication in RRCReconfigurationComplete message based on current configuration.  

In this alternative, the UE capability on CC number threshold in Alt 1.3 can be included as well. In other words, UE can consider CC number threshold, carrier bandwidth, and MIMO layers etc in its report of NeedForGap. In addition, UE can indicate its capability on CC number threshold in UE capability and then only when the CC number configured exceeds the threshold, would UE report its capability on per FR gap.

Proposal 7: Suggest considering the combined solution of Alt 1.3 and Alt 2 as well if more factors other than CC number are relevant.

2.4 Discussion on MR-DC support
In legacy Rel-15 gap configuration, the responsible network entity on per FR gap and per UE gap is not the same in different scenarios. With regards to this issue, it’s straightforward that the determination on per FR or per UE gap should be performed by MN in MR-DC scenario.

Proposal 8: MN is responsible for per FR or per UE gap determination based on the BC/CA configuration to UE.
In order to do so, MN should know the SN BC/CA/FeatureSetCombination configuration in Alt 1.1 and Alt 1.3. Since MN is not required to decode the SN RRCReconfiguration message to UE, it should be analyzed in RAN2 if current Xn interface message contains sufficient information for MN to make decision. 
In NR-DC and NE-DC, Alt 2 is feasible since UE reports its corresponding gap capability to MN. For EN-DC, the UE capability framework was used thus analysis on Xn signaling is also needed.
Proposal 9: Analyze if the information exchanged between MN and SN over Xn interface is sufficient to support Alt 1.1, Alt 1.3 and EN-DC in Alt 2.
3 Conclusion
Based on the above discussion, our proposals and observations are:
Proposal 1: The root cause and decisive factor of the issue is not clear and should be clarified.

Proposal 2: RAN4 agreement on the issue and the need of addressing it is essential for 3GPP to adopt any solution. RAN2 should merely work on signaling but should not do solution endorsement.
Proposal 3: Confirm that both NR SA and MR-DC ( (NG)EN-DC, NR-DC, NE-DC ) scenarios should be supported. Discuss if LTE SA should support the new indication for inter-RAT measurement on FR2 bands.

Proposal 4: UE only reports the per FR gap capability (independentGapConfig) as true when UE can support it in any BC/CA configuration. UE sets the Rel-15 per FR gap capability (independentGapConfig) as false if it can only support per FR gap in certain BC/CA configurations.
Proposal 5: When a new UE is reconfigured with a high order BC/CA for which UE does not support per FR gap, upgraded NW is responsible to reconfigure the per FR gap to per UE gap. 
Observation 1: When a new UE connects to legacy network, its throughput gets compromised since only per UE gap can be configured even if the BC/CA configuration is low.
Observation 2: Network operation gets more complicated in terms of determining the best configuration to UE between a lower BC/CA with per FR gap and higher BC/CA with per UE gap.
Observation 3: A pure per BC UE capability is not sufficient to differentiate the various combinations on carrier number, aggregated bandwidth and number of layers per CC.
Observation 4: For the same band combination, UE capability signaling overhead is doubled to enable the reporting of different per FR gap capability for different feature set combinations.

Observation 5: Current spec limits that each band combination is linked to one feature set combination.
Observation 6: For Alt 1.1 (1 bit per BC indication), the fallback band combination should be repeated to report different UE capability on per-FR gap.
Proposal 6: RAN2 to discuss if Alt 1.1 should support reporting different per FR gap capability for different FeatureSetCombination(s) for the same band combination. 

Observation 7: NeedForGap signaling was not designed for MR-DC.

Observation 8: Static NeedForGap in LTE uses the UE capability signaling and is not the same as the dynamic NeedForGap feature in NR.

Proposal 7: Suggest considering the combined solution of Alt 1.3 and Alt 2 as well if more factors other than CC number are relevant.

Proposal 8: MN is responsible for per FR or per UE gap determination based on the BC/CA configuration to UE.

Proposal 9: Analyze if the information exchanged between MN and SN over Xn interface is sufficient to support Alt 1.1, Alt 1.3 and EN-DC in Alt 2.
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