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1. Introduction
In last meeting, the RF and RRM requirements for intra-band non-collocated EN-DC/NR-CA deployment were referred to. The main issue in [1] was extensively discussed without conclusions yet. In this paper, we will provide our analysis around the following suspended issue:
· Issue 2-2-2: How UE supporting Type 2 NR-CA/EN-DC behaves between Type 1 and Type 2
Agreement:
· Introduce an optional new IE for NR CA, [intraBandNonColocatedCA-r18] for UE supporting type 2 UE capability on NR CA operation.
Way Forward:
· < Issue 2-2-2: How UE supporting Type 2 NR-CA/EN-DC behaves between Type 1 and Type 2 >
· Option 1-1:
· (Common for all options) Default UE configuration is Type 1 UE if new UE capability is not signalled or supported. 
· Default UE configuration shall be Type 1 UE if capable to support new UE capability for NR-CA.
· Configure UE between Type 1 and Type 2 with the existing RRC Reconf.
· BS can switch between Type 1 and Type 2 using by setting ServingCellConfig.maxMIMO-Layers= 4, and 2, respectively during existing RRC Reconf.
· If there are critical and technical issues on reusing existing RRC Reconf., RAN4 will discuss them in the future release or the maintenance part (i.e. Rel-18 for NR-CA and Rel-16 for EN-DC).
· Option 2-2:
· (Common for all options) Default UE configuration is Type 1 UE if new UE capability is not signalled or supported. 
· Default UE configuration shall be Type 2 UE if capable to support new UE capability for NR-CA.
· Configure UE between Type 1 and Type 2 with a new BS signalling.
2. Discussion
2.1 Necessity discussion
Before we going deeper into the details of how UE supporting Type 2 NR-CA/EN-DC capability behaves between Type 1 and Type 2, we would like to briefly clarify the necessity of UE supporting Type 2 can switch between Type 1 and Type 2 first.
Based on the current Spec., it is observed that different UE Type capability/deployments conform to different RF/RRM requirements, corresponding to different UE behaviors. That means the ideal UE behavior is that UE should perform different capabilities (requirements) switching when the BS condition are changed(either from collocated to non-collocated or from collocated to non-collocated). But there may be the following constraints:
· There is no way for a Type 2 supported UE to switch between Type 2 and Type 1 when the BS scenario are changed,
which will cause inappropriate mapping of Type-X (X=1,2) UE requirements and Type-X UE behavior, and result in some severe impacts. In this sense, it is necessary to consider UE capability switching between Type 1 and Type 2 
2.2 How to switch
By collecting companies’ views from last meeting, we think there might be three alternative mechanisms:
· Alt. 1 Introduce new signaling during RRC reconfiguration (NW-controlled mechanism)
· Alt. 2 Combination of UE assistance information report and NW decision
· Alt. 3 UE Type capabilities switch autonomously (No NW participation)
Thereinto, Alt. 1 can be interpreted as NW-controlled mechanism, and the other two can be interpreted as UE-based mechanism. In the following, we would like to elaborate the pros and cons for each mechanism:
Alt. 1 Introduce new signaling during RRC reconfiguration
The overview of RRC procedure for Alt.1 is shown as follows
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Fig. 1 The overview of RRC procedure for Alt.1
In step 3, UE reports its capability information messages statically, and then depends on the UE capability static reports, NW configures UE a new signaling (e.g., IE#1)based on BS condition in RRC reconfiguration step to configure UE to support either Type1 or Type 2 capability. Actually, in Alt.1, there are two possible explanations for IE#1:
1) IE#1 explicitly indicates the BS non-collocated/collocated condition is changed.
NW configures UE to switch between Type 1 and Type 2 capability based on BS scenario changes(either from collocated to non-collocated or from non-collocated to collocated). On top of such explanation, the switching can be triggered by the following method: 
· If IE#1 is configured,
· UE can switch to Type 1 or Type 2 accordingly and the corresponding requirements should be satisfied as well
· If IE#1 is not configured,
· It shall remain the current related requirements (either Type 1 or Type 2, no switch happens)
However, it should be noticed that in this case, IE #1 is appeared only at situation that capabilities need to be switched due to the BS scenario is changed, i.e., not the initial reconfiguration step (in which the BS scenario has not changed yet).
2) IE #1 explicitly indicates the current BS deployment scenario(or directly configure UE as Type 1 or Type 2).
On top of such explanation, for example,
· If IE#1 is configured/provided,
· NW tells UE the BS is non-collocated deployment (or directly configure UE to support Type 2 capability), and the corresponding Type 2 requirements should be satisfied considered. 
· If IE#1 is not configured/provided,
· UE would know the BS is collocated deployment (or NW directly configure UE to support Type 1 capability), and the corresponding Type 1 requirements should be considered. 
The difference between the two methods is, the first explicitly indicate/highlight the action of switching and cannot be used in the initial reconfiguration step (initial reconfiguration step here means the first time the CA is configured and the BS scenario change has not happened yet), while the second can be used in both the initail reconfiguration and when the BS scenario is changed. With above, we think method 2) is a better practice, while the detials could be left for RAN4 RRM and RAN2 for further discussion if Alt.1 is agreeable.
Based on the above analysis, we can find the benefits of the Alt.1 are simple and explicit. 
1) IE#1 explicitly indicates PCell and SCell are from collocated BS or non-collocated BS and/or should conform to Type-X (X=1,2) UE RF and RRM requirements.
2) Only NW controls, which would not lead to increase UE complexity, and easy for commercialization
3) The IE can carry the information that the additional X ms for SCell activation is needed, this part will be discussed in the following section 2.3
Of course, we acknowledge that the drawback of Alt. 1 is that the situation UE experienced cannot be considered as reference for NW. That is even if Type 1 capability is more suitable for UE in non-collocated condition, UE has to follow Type 2 requirement.
Observation 1: The pros and cons of Alt.1 are
Pros: Simple and explicit. 1) It can explicitly indicate PCell and SCell are from collocated BS or non-collated BS and/or should conform to Type 1/2 UE RF and RRM requirements; 2) Only NW controls, which would not lead to increase UE implementation complexity and easy for commercialization; 3) It can carry the information that the additional X ms for SCell activation is needed
Cons: The situation UE experienced cannot be considered as reference for NW
Alt. 2 Combination of UE assistance information report and NW decision
The principle of Alt.2 is that UE participates the decision. UE will also reports the measured results (e.g., RSRP/RTD) to NW, and NW decides whether to switch, indicated by existing IE ServingCellConfig.maxMIMO-Layers. The benefits of Alt.2 are NW can get the knowledge of corresponding UE situation, and relatively flexible. 
But Alt.2 is not preferred due to the following reasons:
1) How and when(/how long) to identify new DL timing is the key issue
2) Additional measurement occasions/resources would be used for RTD detection
3) The additional X ms for Scell activation cannot be reserved when switch happens
4) It is difficult to define the specific conditions for measured results reporting.
5) The accuracy is questionable due to the dynamic reception of RTD
6) Lead to increase UE complexity and NW configuration complexity. And difficult for commercialization
Observation 2: Although based on Alt.2, NW can get the knowledge of corresponding UE situation, and relatively flexible, it is too complicated to perform
Alt. 3 UE Type capabilities switch autonomously
The principle of Alt.3 is UE perceives RTD/RSRP measurement. The drawbacks of the Alt.3 are:
1) The accuracy of RTD is questionable, some calculation error should be considered. And since the CSI report can be configured as Periodic/Aperiodic/Semi-Persistent, the timeliness of RTD cannot be guaranteed as well. It is possible that the RTD perceived and the requirements expected by UE at time A are not applicable to the ones at time B after CSI reporting. 
2) Besides if Alt.3 is considered, the additional interruption and useful symbol interference caused by AGC adjustment, and demodulation performance degradation may be expected for the useful symbol on the other CC when the BS scenario is changed.
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Fig.2 The interruption and useful symbol interference caused by AGC adjustment for Alt.3
Observation 3: The pros and cons of Alt.3 are
Pros: UE perform switching based on its perception autonomously
Cons: 1) Introduce interruption and useful symbol interference caused by AGC adjustment. 2) Accuracy is questionable
2.3 RRM requirement impact foresight for Alt.1 
Based on the previous analysis for Alt.1, form our understanding, the following RRM impacts can be foresaw if we agree to introduce a new IE.
1) Delay requirements 
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Fig.3 Possible delay requirements impact
A. RRC reconfiguration delay
In the previous meetings, some companies mentioned that there is no need to add additional Y’ ms delay to the current RRC reconfiguration delay Y ms, the main reason is that the existing RRC_proc time is large enough to hold the time brought by capability switching, the  and the corresponding definition are specified in the Spec. TS 38.331, copied as follows. We think the arguments are reasonable.
	Time composition
	Definition

	
	RRC procedure delay TS 38.331
1) RRC reconfiguration (scell addition/release): 16ms
2) RRC reconfiguration (collocated): 10ms



Observation 4: There is no need to introduce additional Y’ ms to the existing RRC reconfiguration delay for Scell configuration.
B. SCell activation delay
[image: ]
Fig.4 Possible delay requirements impact for SCell activation
Based on the Fig.4, we can find that the components of timing latency for SCell activation includes 3 parts:  (ms),  (ms),  (ms), where,is the dominant latency, which contains ,, , etc. From our understanding, if we consider the capability switching, additional adjustment delay caused by capability switching including additional RF-FE and BB adjustment such as AGC gain mode change and other adjust delay might be considered, and in this sense, the existing SCell activation needs to be reinterpretated. That is to say, the existing RRM requirements X ms is impacted, and needs to be enhanced.
Observation 5: If RAN4 agree to use Alt.1 to perform capabilities switching, the existing RRM SCell activation delay requirements X ms needs to be enhanced. 
With above analysis of the identified three alternatives, it is suggested to go with Alt.1, i.e., NW controls a UE semi-static switching with a new signaling introduced during RRC reconfiguration.
Proposal 1: It is suggested to introduce a new signaling during RRC reconfiguration for NW to configure UE to support corresponding capability (either Type 1 or Type 2) according to the BS scenario.
Another point we way need to consider is this new NW IE should be applicable from which release? Considering non-collocated EN-DC with overlapping bands was introduced since Rel-16, in our view the best practice is this new NW IE could be implementable since Rel-16, more discussion with RAN2 could be triggered by LS.
Proposal 2: In our view the best practice is this new NW IE could be implementable since Rel-16, more discussion with RAN2 could be triggered by LS.
3. Conclusion
Observation 1: The pros and cons of Alt.1 are
Pros: Simple and explicit. 1) It can explicitly indicate PCell and SCell are from collocated BS or non-collated BS and/or should conform to Type 1/2 UE RF and RRM requirements; 2) Only NW controls, which would not lead to increase UE implementation complexity and easy for commercialization; 3) It can carry the information that the additional X ms for SCell activation is needed
Cons: The situation UE experienced cannot be considered as reference for NW
Observation 2: Although based on Alt.2, NW can get the knowledge of corresponding UE situation, and relatively flexible, it is too complicated to perform
Observation 3: The pros and cons of Alt.3 are
Pros: UE perform switching based on its perception autonomously
Cons: 1) Introduce interruption and useful symbol interference caused by AGC adjustment. 2) Accuracy is questionable
Observation 4: There is no need to introduce additional Y’ ms to the existing RRC reconfiguration delay for Scell configuration.
Observation 5: If RAN4 agree to use Alt.1 to perform capabilities switching, the existing RRM SCell activation delay requirements X ms needs to be enhanced. 
Proposal 1: It is suggested to introduce a new signaling during RRC reconfiguration for NW to configure UE to support corresponding capability (either Type 1 or Type 2) according to the BS scenario.
[bookmark: _GoBack]Proposal 2: In our view the best practice is this new NW IE could be implementable since Rel-16, more discussion with RAN2 could be triggered by LS.
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