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Introduction
In RAN4#94-e meeting, the following agreements were captured for NR DAPS HO [1]:
Issue 1-1: Interruption in intra-frequency DAPS HO D1
Agreement:
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Note 1:	The same SCS of source cell and target cell is assumed.
Note 2:	Both source cell and target cell is on FR1.

X value:
1) Option 1: 3 (slots)
2) Option 2: 4 (slots)
Issue 1-2: power imbalance
Agreement: Companies are encouraged to provide further analysis on side condition of power imbalance for intra-frequency DAPS HO.
Issue 1-3: When CBW relationship is different from that of BWP
Agreement: no requirements for CBW relationship is different from that of BWP
Issue 1-4: Restriction on BWP for inter-frequency DAPS HO:
Agreement: RAN4 will not define requirement for the case where the BWP of target cell is partial overlapped with the BWP of source cell in frequency domain.
Issue 1-5: Requirement for inter-FR DAPS HO:
Agreement: Both FR1-FR2 and FR2-FR1 DAPS handover requirements need to be standardized.
Other issue: Synchronization assumption
Agreement: Companies are encouraged to provide analysis on if requirement for intra-frequency DAPS handover are only applied for synchronous case


In this paper, we discuss the remaining issues in NR DAPS HO.
Discussion
 Intra-frequency HO interruption in D1 
Among the two options for intra-frequency HO interruptions in D1, option 1 scales down the interruption time for 60 kHz SCS. In our view, however, UE needs to perform basic tasks that cause interruptions and are not dependent on the SCS. Some of these tasks are as following:
· Activating another baseband module for the target cell 
· Adjust UE processing resources and power (e.g., clocks, memory) to reflect the increased processing demand due to target cell addition
· Enabling streaming of RF samples (from the same or different RF module depending on UE implementation) to the newly activated baseband module

Consequently, UE cannot scale down the interruption absolute times depending on SCS. 
Observation 1. In intra-frequency DAPS HO upon adding target cell, UE needs to perform basic tasks that cause interruptions and are not dependent on the SCS. Some of these tasks are as following:
· Activating another baseband module for the target cell 
· Adjust UE processing resources and power (e.g., clocks, memory) to reflect the increased processing demand due to target cell addition
· Enabling streaming of RF samples (from the same or different RF module depending on UE implementation) to the newly activated baseband module

Moreover, we fail to understand how shortening the interruption time in 60 kHz SCS by 0.25 ms (1 slot) can change anything or improve user experience at the higher layer. In our view, option 1 does not bring any noticeable performance improvement and even looks strange when taken into context with interruptions in other numerologies. It is thus proposed to adopt option 2 for interruption time in D1 for intra-frequency DAPS HO. 
Proposal 1. RAN4 to adopt option 2 (1ms) for interruption time in D1 for intra-frequency DAPS HO with 60 kHz SCS. 
 Power imbalance
The power imbalance between source and target cell originated due to potential issues that some companies raised about the AGC operation. In [3], we argued that AGC operation should not be a bottleneck. UE is required to handle power differences of up to 8 dB for NZP CSI-RS per the specification.
In RAN4#94-e meeting, the concern for large power imbalance shifted from AGC to interference on PDSCH and/or SSB which may result in decoding failure for PDSCH or inability to measure SSB [2]. Another concern was whether the power imbalance, if specified, should be applicable to long- or short-term channel variation [2].
It is noted that interruptions in RRM tests are verified through HARQ feedback of UE. If UE cannot perform PDSCH demodulation correctly in RRM tests, it sends HARQ NACK which TE considers as interruption. Consequently, large interference caused by power imbalance on either source or target cell should be avoided in the test setup. 
In our view, instead of specifying a relative power imbalance limit between source and target cell during DAPS HO, existing absolute side conditions should be made applicable during DAPS HO. This also eliminates the discussion on applicability of side conditions to long- or short-term channel variation. 
For SSB, the current side conditions for relative RSRP measurements is SSB Es/Iot ≥ -3 dB for intra-frequency FR1 case. As long as this side condition is met for both source and target cell, UE should be able to measure SSB and update its tracking loops. It is noted that the SSB measurement side conditions does not discuss short- or long-term channel variation and the same understanding should be applicable during DAPS HO.
Proposal 2. During intra-frequency DAPS HO in FR1, both source and target cells shall meet the relative measurement side conditions on SSB Es/Iot for intra-frequency in FR1.
For PDSCH, our view is that at least the SNR corresponding to RF REFSENS requirements (which is -1 dB for 1-Rx case and -4 dB for 2-Rx case) should be maintained for both source and target cells during DAPS HO. This enables UE to at least decode QPSK with coding rate of R = 1/3. In the test setup, if higher SNR can be guaranteed, higher MCS can be scheduled.
Proposal 3. During intra-frequency DAPS HO in FR1 and for PDSCH decoding, both source and target cells shall meet the RF REFSENS requirements of the corresponding FR1 band as specified in TS38.101-1 which corresponds to -1 dB SNR (1Rx) or -4 dB SNR (2Rx). 
It is noted that Proposals 2 and 3 implicitly prevent a large power imbalance between source and target cells regardless of whether their SSBs/PDSCHs are colliding in the time/frequency domain or not. Moreover, if other sources of interference and neighbor cells exist, they are accounted for in Proposals 2-3 as they are absolute side conditions rather than relative. 
[bookmark: _GoBack] Definition of synchronous scenario
In RAN4#94-e meeting, the discussion about synchronous definition began for the first time. For both intra-frequency and intra-band inter-frequency scenarios, RAN4 did not conclude on the feasibility of DAPS HO with simultaneous connectivity as evident from [4] which is the basis for both LTE and NR case studies. The current specification in TS 38.133 already has a note on simultaneous assumption of source and target cells in intra-band inter-frequency interruption tables. However, this note is missing from intra-frequency scenario which should be added. 
In our view, the definition of synchronous scenario for both intra-frequency and intra-band inter-frequency can follow one of the following options for maximum relative timing difference (MRTD) in FR1:
· Option 1: 33 us based on inter-band DC synchronous definition
· Option 2: 3 us based on intra-band non-contiguous CA

It is noted that the feasibility discussion that led to [4] always assumed UE uses its CA capability to establish simultaneous connectivity with source and target cells. Moreover, option 1 clearly assumes different bands between MCG and SCG and as such, it can be re-used for intra-frequency or intra-band scenarios of DAPS HO. 
In addition, the assumption of 33 us MRTD between source and target cells in intra-frequency or intra-band scenarios is certainly well beyond what is required for TDD bands to function with controlled interference.  
Observation 2. Assumption of 33 us MRTD is specific to inter-band scenarios and is well beyond what is required for intra-frequency or intra-band TDD to function with controlled interference. 
The closest discussion related to simultaneous connectivity to two gNBs that have taken place in different working groups or topics is in e-MIMO WI under the multi-TRP agenda item. We note that RAN1 briefly discussed this issue in RAN1#95 (November 2018) and had the following captured in the chairman meeting notes:
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.


Furthermore, in RAN4 e-MIMO demod discussions, the simulation assumptions have also considered sync offset values smaller than CP length. 
Based on these observations, it is proposed:
Proposal 4. Definition of synchronous DAPS HO for intra-frequency or intra-band scenarios shall be based on maximum of 3 us MRTD between source and target cells.
We acknowledge that max MRTD of 3 us in FDD may not be realistic in some scenarios and due to different cell size and propagation delays, UE can experience a timing difference between source and target cells greater than 3 us. However, the interruption requirements agreed in intra-frequency or intra-band scenarios can only be applicable when the synchronous definition of Proposal 4 is satisfied. This, however, does not mean that with greater received timing difference than 3 us, the DAPS HO does not work. RAN4 can specify that in such scenarios, UE is expected to experience a larger interruption time. 

In addition, the common architecture assumed for DAPS HO feature is 2-Rx 1-Tx. Although the specification will not limit the feature to this particular architecture, it should be noted that a UE that cannot support simultaneous UL transmission to source and target cells should prioritize transmission to target cell over source cell based on RAN1 agreement in case the slot timing of target and source cell overlap due to TA update or other timing differences. This naturally creates more interruption to source cell (e.g., due to not being able to send HARQ ACK to source cell). 
Proposal 5. In case simultaneous uplink transmission to source and target cells is not supported by UE in intra-frequency or intra-band scenarios, UE is allowed to cause more interruption to the source cell if uplink transmissions of source and target cells overlap in time. 
In intra-band scenarios, interruptions based on SRS carrier switching can perhaps be used for specifying further interruptions if RAN4 agrees to specify such details.
Conclusions
Observation 1. In intra-frequency DAPS HO upon adding target cell, UE needs to perform basic tasks that cause interruptions and are not dependent on the SCS. Some of these tasks are as following:
· Activating another baseband module for the target cell 
· Adjust UE processing resources and power (e.g., clocks, memory) to reflect the increased processing demand due to target cell addition
· Enabling streaming of RF samples (from the same or different RF module depending on UE implementation) to the newly activated baseband module

Proposal 1. RAN4 to adopt option 2 (1ms) for interruption time in D1 for intra-frequency DAPS HO with 60 kHz SCS. 
Proposal 2. During intra-frequency DAPS HO in FR1, both source and target cells shall meet the relative measurement side conditions on SSB Es/Iot for intra-frequency in FR1.
Proposal 3. During intra-frequency DAPS HO in FR1 and for PDSCH decoding, both source and target cells shall meet the RF REFSENS requirements of the corresponding FR1 band as specified in TS38.101-1 which corresponds to -1 dB SNR (1Rx) or -4 dB SNR (2Rx). 
Observation 2. Assumption of 33 us MRTD is specific to inter-band scenarios and is well beyond what is required for intra-frequency or intra-band TDD to function with controlled interference. 
Proposal 4. Definition of synchronous DAPS HO for intra-frequency or intra-band scenarios shall be based on maximum of 3 us MRTD between source and target cells.
Proposal 5. In case simultaneous uplink transmission to source and target cells is not supported by UE in intra-frequency or intra-band scenarios, UE is allowed to cause more interruption to the source cell if uplink transmissions of source and target cells overlap in time. 
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