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1	Introduction
In RAN2#107, RAN2 decided to introduce the NeedForGap capability signalling in NR REL-16 to improve the data transmission efficiency. The details on how to design the NeedForGap signalling is open.
Need for measurement gaps
R2-1909140	Discussion on measurement gap capability	MediaTek Inc.	discussion	TEI16
-	Huawei is in general supportive of the intention but think details need discussion.
-	Softback support the proposal 
-	ZTE agree the intent but wonder if this is for just inter-freq or also intra-freq. MediaTek's intention is inter-freq.
-	Intel think there is scope to improve but the problem is complex.
-	Qualcomm also support this direct but think we learned from LTE that the approach results in very large overhead and we should do a simplified approach.
-	Vivo support the need to do this 
-	Samsung also have the same view that this is needed but think the only think feasible in R16 is to use the LTE static approach. 
-	Ericsson also support this but in LTE we found it was not used much as all UEs needed gaps.
-	DOCOMO are also supportive but have similar concern as Ericsson based on experience in the field.
-	OPPO support the intention.
=>	There is support to provide need for gaps information to the network in TEI16 (details/CRs to be discussed in next meeting)

After RAN2#107, there is an email discussion [107#81] on NeedForGap signaling[1] with basically 3 possible ways to report the measurement gap capability as option1 to option3, while companies did not really converge on how to introduce NeedForGap signalling.
· Option 1 - Static approach 
· As legacy LTE, needForGap signalling is defined per band combination per supporting band
· Option 2 - Static approach with FR1/FR2 grouping 
· Simplified static approach method 
· Per UE or Per BC for FR2 measurement
· Per BC for FR1 measurement 
· Option 3 - Dynamic approach
· The UE reports the gap capability corresponding to the current band combination in the RRC Reconfiguration Complete message. (as show in the following picture)


[image: cid:image001.png@01D56E42.8C74F630]

In this paper, we discuss how to define the NeedForGap signaling in NR SA before NE-DC or NR-DC configuration.

2	Discussion
In legacy LTE design, NeedForGap signalling is defined per band combination per supporting band. Some companies point out that the “NeedForGap” capability was not so successful for LTE in the real field [1], NeedForGap was found not used much as almost all UEs needed gaps (i.e. UEs may indicate they need gaps for all of their measurements) [2]. Additionally, in the email discussion [1], company points out 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). In legacy LTE design, UE may set NeedForGap to TRUE in most of the time unless it could support gapless measurement in all kind of L1 configuration in this Band Combination.
Observation 1: 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).
In NR, to have a better solution to make NeedForGap capability successful, NeedForGap signaling method with smaller granularity than Band Combination (as legacy LTE rule) by considering the L1 parameters configurations should be studied. 
To support smaller granularity, the gap capability bits will be increased significantly by considering all possible relevant L1 parameters setting, this means static reporting way will be not attractive. (for example, if UE support N different number of MIMO layers of each Band Combination, N bits need to be reported instead of 1 bit to support smaller granularity). Someone may argue that the big capacity message size can be eased by band filter frequencyBandListFilter in UE capability enquiry message, but it is not true if multiple kinds of L1 parameters should be considered (e.g. the possible combination number of two different kind of L1 parameter may need N*N bits to indicate gap capability). In REL-15, some companies also argue that the size of “per band combination” capability signalling is too high even without smaller granularity.
Observation 2: From the size of gap capability bits point of view, the NeedForGap static reporting way will not be attractive in NR to support smaller granularity than Band Combination by considering L1 configurations that may occupy some baseband resource.
For dynamic reporting approach as indicated in [1], the UE will provide its needForGap signaling in response to NW’s reconfiguration (e.g. in RRCReconfigurationComplete) based on latest band combination and other radio configuration (e.g. physical layer configuration such as number of MIMO layer). Although we agree that the dynamic reporting is one way to reduce the size of capability information, it will increase the overall measurement delay for a target frequency that requires gap [3]. Typically, three RRC messages is needed to configure measurement to UE:
1. One RRCReconfiguration from NW for gap capacity request, 
2. One RRCReconfigurationComplete from UE for gap capability report, and 
3. One RRCReconfiguration from NW for measurement object/reporting configuration
The network has to wait the response of the UE to know whether measurement gap is required for current configuration. The increasing delay of measurement reporting may cause potentially mobility procedure failure. 
As some of the L1 configuration such as MIMO layer number in use is DCI controlled which can be changed frequently with the variable RF conditions, we think that 3-step dynamic reporting is not suitable in practice. 
Observation 3: The 3-step dynamic reporting NeedForGap approach will increase delay of measurement reporting which may cause potentially mobility procedure failure. The 3-step dynamic reporting is not suitable in practice especially the L1 configuration may be changed frequently via DCI.
Though the L1 configuration such as MIMO layer number may be changed frequently, it is a known information both to NW and UE whenever the change occurs. As NeedForGap is UE’s capability, UE will decide NeedForGap according to the latest L1 configuration on top of band combinations. So, instead of UE report full set of NeedForGap covering different L1 configurations and band combinations, another way forward is that UE can inform the NeedForGap capability to NW whenever the L1 configuration or band combinations changed. 
Proposal 1: To support smaller granularity in NR than Band Combination (as legacy LTE rule) by considering the L1 configuration in use on top of BC, another way forward is that UE can inform the NeedForGap capability to NW whenever the L1 configurations or band combinations in use is changed, instead of UE reporting full set of NeedForGap covering different L1 configurations and BC.
During UE capability enquiry, UE can indicate it “rough” gap requirements to NW by static approaches (i.e. within the UE capabilities, just like option1 and option2 in background). As only 1 bit reported for NeedForGap capability, the UE should report the need for gaps or gapless measurement assuming any L1 configuration (including worst case) in the concerned Band Combination.
When configuring or de-configuring serving cells, NW pre-configures measurement gap to UE based on the “rough” gap requirements (e.g. NeedForGap=true). This gap pattern is by default “inactive” (i.e. stored but not used). 
When an MO configuration or the L1 configuration changes so that the UE measurement gap usage is affected (i.e. needed or no longer needed), UE can determine whether it would now require measurement gaps (e.g. based on current band or BC in use, and number of MIMO layer in use, or other L1 configuration in use). This triggers UE to enable or disable the pre-configurated gap pattern and inform network (via e.g. MAC CE or RRC signalling) that measurement gaps are enabled or disabled. When the measurements are completed, the UE can disable the gap pattern and inform network that gap is disabled for status alignment.
In summary, the way forward is to let UE control when to activate and deactivate the NW’s pre-configured measurement gap pattern and report to the NW about the gap pattern usage based on current band or BC in use, and other L1 configuration in use, then the NW can determine when to schedule data based on the gap pattern usage. When gap pattern is used, no data is scheduled; When gap pattern is not used, there is data scheduled.
The message flow can be illustrated in Figure1.
Proposal 2: UE can report the “rough” gap requirements to network assuming any L1 configuration (including worst case) in the concerned Band Combination first, and then control when to activate and deactivate the NW’s pre-configured measurement gap pattern and report to the NW about the gap pattern usage based on current band or BC in use, and other L1 configuration in use.
Though smaller granularity is supported in proposal 2, the gap capability bits will not be increased. The size is same as legacy LTE which make static reporting approach is still possible. NW can pre-configure measurement gap based on “rough” gap requirement and UE can disable/enable it in time via MAC CE or RRC signalling according to its own capability and Band Combination/L1 configurations in use, which can avoid the measurement delay problem for a target frequency in 3-step dynamic approach.
Proposal 3: RAN2 to agree the smaller granularity NeedForGap capability signalling as proposal 2. 



Figure1: Support NeedForGap with smaller granularity than Band Combination 


3	Conclusion
Base on the discussion in section 2, we have below observations and proposals.
Observation 1: 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).
Observation 2: From the size of gap capability bits point of view, the NeedForGap static reporting way will not be attractive in NR to support smaller granularity than Band Combination by considering L1 configurations that may occupy some baseband resource.
Observation 3: The 3-step dynamic reporting NeedForGap approach will increase delay of measurement reporting which may cause potentially mobility procedure failure. The 3-step dynamic reporting is not suitable in practice especially the L1 configuration may be changed frequently via DCI.
Proposal 1: To support smaller granularity in NR than Band Combination (as legacy LTE rule) by considering the L1 configuration in use on top of BC, another way forward is that UE can inform the NeedForGap capability to NW whenever the L1 configurations or band combinations in use is changed, instead of UE reporting full set of NeedForGap covering different L1 configurations and BC.
Proposal 2: UE can report the “rough” gap requirements to network assuming any L1 configuration (including worst case) in the concerned Band Combination first, and then control when to activate and deactivate the NW’s pre-configured measurement gap pattern and report to the NW about the gap pattern usage based on current band or BC in use, and other L1 configuration in use.
Proposal 3: RAN2 to agree the smaller granularity NeedForGap capability signalling as proposal 2. 
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