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1	Introduction
The so-called “Type1” and “Type2” UEs for CA have been discussed in RAN4, with the following agreements in RAN4#106bis and RAN4#107:
RAN4#106bis-e:
RAN4#106-bis WF: R4-2306605
< Issue 2-1-1: Whether UE supports to switch between Type 1 and Type 2 on a request from BS >
Agreement:
· Type 1 and Type 2 means different UE capability.
· Type 1 is mandatory and Type 2 is optional.
< Issue 2-1-2: Whether Type 1 shall be default when no request comes from BS >
Way Forward:
· Type 1 is default as baseline to continue the following discussions.
· How UE behaves in case of UE is configured change from default (Type 1 UE) to Type 2.
· Whether to need signalling from BS to UE operating as Type 1 for configuring Type 2 as the standardized solution.
· FFS about the definition of Type1 in the next meeting.
< Issue 2-1-2-1: How UE behaves in case of UE is configured change from default (Type 1 UE) to Type 2 >
Way forward: 
· Encourage companies to provide their views on how UE behave in case of UE is configured change from default (Type 1 UE) to Type 2.
· Continue further discussions in the next meeting.
< Issue 2-1-2-2: Whether to need signalling from BS to UE operating as Type 1 for configuring Type 2 as the standardized solution >
Way forward: 
· Continue further discussions in the next meeting.	
RAN4#107:
	< Issue 2-2-2: How UE supporting Type 2 NR-CA/EN-DC behaves between Type 1 and Type 2 >
Proposals
· 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.



We discuss how to progress in this issue so that decision can be made on what (if anything) to request from RAN2 on signalling aspects.
2	Type1 and Type2 UEs in CA/DC
2.1	CA deployment scenarios in LTE
CA has been defined since LTE Rel-10 based on allowing both collocated and non-collocated deployments (see Annex J in TS36.300 for the deployment scenarios envisioned at that time). However, since CA was designed to allow using the same scheduler (i.e. one MAC entity in terms of RAN2), restrictions have been placed on the MRTD and power imbalance. For example, TS36.300 indicates the following:
The reception timing difference at the physical layer of DL assignments and UL grants for the same TTI but from different serving cells (e.g. depending on number of control symbols, propagation and deployment scenario) does not affect MAC operation. A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in both intra-band non-contiguous and inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 30.26 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 0.26 s. This also implies that the UE should cope with a maximum uplink transmission timing difference between TAGs of 32.47s for inter-band carrier aggregation with multiple TAGs.
For LTE power imbalance is assumed to be max 6 dB.
Observation 1: LTE CA already had some restrictions on MRTD and power imbalance.
When NR was designed in Rel-15, the same overall principles were adopted, but now RAN4 has been discussing changes to both by allowing implementation of UEs that can operate in more difficult conditions than previously (i.e. UEs may support higher power imbalance and looser MRTD requirements). in the next sections, we continue the discussion on the remaining specifics of the signalling.
2.2	MRTD and Power imbalance and MIMO layer support
The Type1 and Type2 UEs have so far been defined as follows:
1) Type 1 UE is the default for all UEs, and supports MRTD=3us, Rx power imbalance<=6dB (i.e. collocated CA/DC)
2) Type 2 UE works also in non-collocated deployments, and supports MRTD=33us and Rx power imbalance<=25dB
Current networks are mostly deployed based on a collocated configuration and type 1 UEs are used for NR CA, but as UE implementations are improving, Type 2 UEs are assumed to also appear, which serves as enabler for non-collocated deployments. When that occurs, operator would like to ensure that the non-collocated UEs are redirected to the cells which only they can utilize. This means network needs to know what the UEs support since CA/DC configuration (including measurements, selection of serving frequencies and particular cells etc.) may depend on the UE type. Therefore, network needs to be aware of whether a UE can support Type 2 operation. Naturally, since Type 1 is the baseline operation already supported by all UEs, the Type 2 operation is optional and any UE supporting Type 2 shall also always support Type 1 operation.
Observation 2: Support of Type 2 non-collocated CA/DC operation is optional for UEs. Any UE supporting Type 2 non-collocated CA/DC operation shall also support Type 1 CA/DC operation. 
Proposal 1: Request RAN2 to define optional UE capability for supporting Type 2 intra-band non-collocated CA operation. The capability indicates that UE supports MRTD = 33 us and Rx power imbalance <= 25 dB. 
2.3	RRC signalling and MIMO layer support
Since the non-collocated operation requires more RF capabilities than the collocated one, there may also be impact to the MIMO layer operation (at least in some cases) from the Type 2 CA/DC operation. It has been claimed that the maximum configured MIMO layers could be used for this, but this is problematic since network can also configure UE to operate according to reduced number of MIMO layers due to other reasons (for example bugs in certain UEs, limiting network side processing, scheduling restrictions, etc.). Further, the Type 2 UE operation might impose some additional restrictions that are not known for the legacy gNBs, so having an implicit indication is undesirable to issues with legacy deployments where gNB sets the number of MIMO layers to 2 for other reasons. Further, it is also better for the UE to have explicit indication of the Type 2 operation, since the UE then has explicit confirmation from the network that it has to use its RF to cope with the non-collocated deployments, which avoids UE having to “guess” what it has to do. Further, since the Type 2 CA/DC operation is optional to support for UEs, there will have to be a UE capability for that, and as per normal RAN2 rules (see also RAN2 LSs to RAN1 and RAN4 in R2-2002378 and R2-2306810 on how to define UE capabilities and corresponding signalling), there should be explicit RRC configuration for each capability.
Observation 3: Having implicit activation of the Type 2 non-collocated CA/DC operation can be harmful for both UEs and networks.
Since the SCells are anyway always configured by RRC, and operator knows which CA/DC operation it is using, it is always possible to do the signalling via RRC. Further, this also allows network to provide any other configuration restrictions e.g. to PCell at the same time, and since the RRC reconfiguration operation itself takes 10-16ms (as per clause 12 of TS38.331), there is no issue from RF perspective to take this into account. Even if the SCells are configured as deactivated mode (as is the default in Rel-15) and later activated via MAC CE, the MAC CE based activation also takes at least the same time (as per TS38.133 requirements), so the UE will always have sufficient time to switch between operation modes.
Observation 4: SCell configuration and activation takes at least 10ms, which is more than sufficient for UE RF operation mode switching. 
Observation 5: There is a clearly defined time for when SCell is configured and/or activated based on existing requirements, so both UE and network always know when the UE has applied any new configuration of Type 2 non-collocated CA/DC.
Proposal 2: Request RAN2 to create explicit RRC signalling to indicate that UE is operating under Type1 or the Type 2 CA/DC operation.
Finally, since UE might (in some cases) be restricted to 2 MIMO layers in case of Type 2 non-collocated CA/DC operation, it seems easiest to just introduce an additional UE capability for that: If the UE indicates that, network configures maximum MIMO layers to 2 using existing signalling. This is as per normal RAN2 procedures wherein network always respects the UE capabilities, and no new RRC signalling is needed on top of the capability since existing signalling already provides the tools for the network to do that.
Proposal 3: Introduce an additional capability to indicate if UE is restricted to 2 MIMO layers in Type 2 non-collocated CA/DC operation.
3	Conclusion
This document has made the following observations:
Observation 1: LTE CA already had some restrictions on MRTD and power imbalance.
Observation 2: Support of Type 2 non-collocated CA/DC operation is optional for UEs. Any UE supporting Type 2 non-collocated CA/DC operation shall also support Type 1 CA/DC operation. 
Observation 3: Having implicit activation of the Type 2 non-collocated CA/DC operation can be harmful for both UEs and networks.
Observation 4: SCell configuration and activation takes at least 10ms, which is more than sufficient for UE RF operation mode switching. 
Observation 5: There is a clearly defined time for when SCell is configured and/or activated based on existing requirements, so both UE and network always know when the UE has applied any new configuration of Type 2 non-collocated CA/DC.
And proposed the following:
Proposal 1: Request RAN2 to define optional UE capability for supporting Type 2 non-collocated CA/DC operation. The capability indicates that UE supports MRTD = 33 us and Rx power imbalance <= 25 dB. 
Proposal 2: Request RAN2 to create explicit RRC signalling to indicate that UE is operating under Type1 or the Type 2 CA/DC operation.
Proposal 3: Introduce an additional capability to indicate if UE is restricted to 2 MIMO layers in Type 2 non-collocated CA/DC operation.




