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1 Background
RAN1 received LS R2-1913996 and R2-1913996 regarding UE capabilities and TDM pattern for DAPS.
On capabilities (R2-1913996), RAN2 asked the following questions:
Assumption 1: RAN2 has not yet made agreements on the signalling structure but assumes that the UE capabilities for DAPS can be indicated e.g. similar as the band combination for CA/DC. In addition to supporting DAPS HO for a particular serving cell configuration, the UE also needs to indicate whether it supports the following for DAPS HO:
- sync/async DAPS HO ;
- support for multiple TAG (i.e. different TAG in source and target cells)
- ability to simultaneously transmit with both source and target PCells based on RF chain capability (i.e. whether dual UL is supported during the DAPS HO or not);
- Handover involving different SCS (as agreed in RAN4)
Note: RAN2 has not concluded on whether to limit DAPS HO to PCell only or whether any configured SCells can be used during DAPS HO and whether configured SCells are in deactivated state during HO for both source and target cells.
[bookmark: _Hlk22834419]Q1: Are the above DAPS capabilities sufficient from RAN1, and RAN4 perspective? If not, which other capabilities would be needed in addition, e.g. any baseband/RF restriction for intra-freq case? 

For NR, subset of features listed in 4.2.7.6 and 4.2.7.8 in TS38.306 may be shared between source and target node, e.g. MIMO layer, bandwidth class, modulation, SRS resources set, SCS. 
For LTE, refer to 4.3.5 in TS36.306, e.g. MIMO layer, bandwidth class, modulation may be shared. 
In addition, for both NR and LTE, the UL power, CSI processes, number of CCs may also be shared. 
Q2: What are the physical layer capabilities and RF capabilities relevant to DAPS HO that need to be shared between source gNB/eNB part and target gNB/eNB part of the UE?



On support of TDM pattern (R2-1913996), RAN2 asked the following:
1. RAN2 respectfully requests feedback from RAN1 on the feasibility and need to specify uplink TDM pattern for DAPS based LTE handover.
2. If found feasible and needed by RAN1, RAN2 respectfully requests RAN1 to specify uplink TDM pattern for DAPS based LTE handover.


In the following, we present our views on capabilities and TDM pattern for LTE DAPS


2 Capability support
In our view, all the capabilities that are either defined per band, per CC or per band of band combination may change depending on whether that band is used for DAPS or for carrier aggregation. In general, during DAPS the UE capabilities may be reduced due to e.g. different timing between source and target, or support of intra-frequency aggregation. The “downgrading” of baseband capabilities is achieved by this means.
From RAN1 perspective, one possibility would be to have different band combination entries for DAPS and CA (even if the band numbers/bandwidth class are the same), and signal all these parameters separately. A pseudo-ASN.1 signaling would be as follows:
bandCombinationList={
    bandCombination[0]{
      Band A_Band B;
      List of Baseband capabilities (for CA)
      DAPS support -> NO
   },
    bandCombination[1]{
      Band A_Band B;
      List of Baseband capabilities (for DAPS)
      DAPS support -> YES
   }
}


Example of signaling structure for DAPS
With this structure, we can signal separate capabilities for CA and DAPS for all the parameters included within BandCombinationParameters-xx in TS 36.331. Note that this approach is the same as followed for DC vs CA, where the UE can repeat the same band combination twice, and report support of DC in only of them, to explicitly indicate the capabilities for both cases.
Some examples of these parameters are:
- Number of MIMO layers (per BoBC) - MIMO-CapabilityDL
- Supported number of CSI processes (per BoBC/per CC) - supportedCSI-Proc
- Support of multiple TAG (per band combination) – multipleTimingAdvance
- Support of SRS 1T4R antenna switching (per BoBC) - ue-TxAntennaSelection-SRS-1T4R
…
Also, it is RAN1’s understanding that, if DAPS handover is intended to be used between eNBs that are not co-located, the UE has to support different uplink timing for both source and target eNB, so the 
Proposal 1: For DAPS handover, from RAN1 perspective any capability that is per CC, per BoBC or per BC (i.e., parameters within BandCombinationParameters) has to be signalled separately for DAPS BC. Up to RAN2 how to specify this, e.g. include separate band combination entries for DAPS BC and CA BC.
	- It is RAN1’s understanding that, if DAPS is intended to be used between non co-located eNBs, the UE has to support different uplink timing for source and target eNB.
Regarding capabilities that are specific to DAPS, from RAN1 perspective the support of DAPS is very similar to the support of dual connectivity (at least for the case where simultaneous transmission is supported). Similar to DC, a capability of support for asnyc DAPS should be introduced, and the power control mechanisms for DC can be reused.
Proposal 2: For support of DAPS, from RAN1 perspective, it is necessary to introduce a capability for support of async DAPS per band combination (similar to DC).
	- Power control for DAPS is the same as power control for DC, where MCG = target eNB and SCG = source eNB.
	- The parameters for power control in PowerCoordinationInfo have to be provided to the UE in DAPS configuration.
3 TDM pattern
The main objective of the “mobility enhancements” work item is to reduce interruption during handover. Turning ON/OFF the TDM pattern should not create any additional interruption – doing so will defeat the purpose of TDM.
Current RRC processing time is “up to 15 ms” according to TS 36.331. The UE, however, may apply the configuration at any time after receiving the RRC message.
Without the introduction of an explicit ‘action time’ for the activation of the TDM pattern, the UE may start applying it at any time, thus creating an implicit interruption – even if other aspects (e.g. RF) allow for simultaneous transmission/reception. Thus, in order for the TDM pattern to be effective, RAN2 should specify an explicit action time for its enabling/disabling.
Proposal 3: Recommend RAN2 to specify an “action time” for the application of the TDM pattern ON/OFF
	- All the timelines associated with transmissions with a DCIs received before the “action time” ignore the TDM pattern (even if the HARQ-ACK/PUSCH transmission happens after the “action time”)
	- All the timelines associated with transmissions with a DCIs received after the “action time” follow the TDM pattern.
	- Up to RAN4 to define any interruption around this “action time”.

Current Rel-15 EN-DC TDM framework applies only to FDD. In Rel-16, enhancements are being introduced also for TDD, including support of offset. In our view, the framework for EN-DC can be reused for DAPS, where the source eNB would be configured with a TDM pattern. An example of this is shown in Figure 1.



Figure 1 Example of TDM pattern between source and target eNBs. Source eNB has a configured TDM pattern, target eNB avoids scheduling in the same subframes as source.

To handle the case where source and target eNBs are not synchronized, the eNB may need to add additional “uplink guard periods” to make sure that uplink transmissions do not collide. For example, in case there is an offset of 0.5ms between source and target, there needs to be a 1ms guard subframe during which neither source nor target can schedule uplink transmissions (assuming no sTTI operation). This should be doable by network implementation.

Proposal 4: Reuse the TDM framework defined for EN-DC for both FS1 (R15) and FS2 (R16) for source eNB during DAPS:
	- TDM pattern for source eNB is indicated through handover signalling procedure.
	- Target eNB avoids collisions with source eNB by implementation (based on TDM pattern).
	- In case there is collision between source and target eNB, the UE prioritizes the target eNB.


4 Conclusions
In this contribution we provided our views on the capabilities and TDM pattern for DAPS handover. We made the following proposals:

Proposal 1: For DAPS handover, from RAN1 perspective any capability that is per CC, per BoBC or per BC (i.e., parameters within BandCombinationParameters) has to be signalled separately for DAPS BC. Up to RAN2 how to specify this, e.g. include separate band combination entries for DAPS BC and CA BC.
	- It is RAN1’s understanding that, if DAPS is intended to be used between non co-located eNBs, the UE has to support different uplink timing for source and target eNB.

Proposal 2: For support of DAPS, from RAN1 perspective, it is necessary to introduce a capability for support of async DAPS per band combination (similar to DC).
	- Power control for DAPS is the same as power control for DC, where MCG = target eNB and SCG = source eNB.
	- The parameters for power control in PowerCoordinationInfo have to be provided to the UE in DAPS configuration.

Proposal 3: Recommend RAN2 to specify an “action time” for the application of the TDM pattern ON/OFF
	- All the timelines associated with transmissions with a DCIs received before the “action time” ignore the TDM pattern (even if the HARQ-ACK/PUSCH transmission happens after the “action time”)
	- All the timelines associated with transmissions with a DCIs received after the “action time” follow the TDM pattern.
	- Up to RAN4 to define any interruption around this “action time”.

Proposal 4: Reuse the TDM framework defined for EN-DC for both FS1 (R15) and FS2 (R16) for source eNB during DAPS:
	- TDM pattern for source eNB is indicated through handover signalling procedure.
	- Target eNB avoids collisions with source eNB by implementation (based on TDM pattern).
	- In case there is collision between source and target eNB, the UE prioritizes the target eNB.
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