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1. Introduction 
In RAN2#106 meeting, the solution of dual active protocol stacks (DAPS) was agreed to minimize the handover interruption.  

Agreements

1
We will not specify single active protocol stack solution (option 0/1/2)

2
We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized, and UE capabilities are exceeded (we may leave this up to UE implementation).
2. Discussion 

In our companion paper [6], we discussed about how source and target eNBs will co-ordinate for sharing UE capabilities between source and target eNB. In this paper, we are going to discuss about how UE will signal UE HO capabilities to enable network co-ordination of UE capabilities between source and target eNB during HO procedure.
2.1 HO Deployment scenarios and capability signalling structure
DAPS based HO has to be supported for following scenarios.
· Intra Band: Intra Freq and Inter Freq

· Inter Band: Inter Freq

Based on RAN4 [3] LS reply, it seems RAN4 needs further study for following 2 cases about feasibility of simultaneous transmission and reception.

· Simultaneous transmission for intra-frequency asynchronous deployment

· Simultaneous reception and transmission for inter-frequency intra-band asynchronous deployment are FFS.

CA and DC are applicable for inter freq (intra band and inter band) and intra-freq DC & CA is not supported.
What is Intra Freq and Inter Freq HO from UE perspective: 

From a UE perspective, a handover is considered as intra freq only when there is no change of RF chain re-configuration required to start receiving from cell. 
· same EARFCN (or set of EARFCN)

· same RF bandwidth (or set of bandwidths)
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Fig 2: intra freq HO example scenario
From a UE perspective, a handover is considered as inter freq when there is change of RF chain re-configuration required to start receiving from cell. Based on UE capability, UE may not support all baseband capabilities during intra freq HO and need to be specified as part of UE capability.

Observation 1. For intra freq HO support from UE perspective, there is no change of RF configuration needed.              
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Fig 3: inter freq HO example scenario

In order to support inter freq HO scenarios, there is change of UE RF configuration is needed and UE capability should be used to indicate whether UE supports inter freq HO or not. For example,
· Source and Target cell EARFCN are not same (OR)

· Target cell channel band width is different from target channel bandwidth.

Observation 2. For inter freq HO support from UE perspective, there is change of RF configuration needed and UE capability indication is needed to indicate whether UE support inter freq HO or not.                      
UE HO capability signalling structure:

SupportedBandCombination IE indicates list of CA band combinations supported by UE. dc-Support-r12 IE is used by UE to indicate UE support of intra band and inter band DC combinations for both sync and async.
It may be possible that UE may supports enhanced MBB HO only for certain bands and band combinations. UE has to indicate support of enhanced MBB HO support for various bands and band combinations. For UE supported CA bands and band combinations signalling, we can extend capability signalling to indicate in which bands and band combinations UE will have support for enhanced MBB HO (similar to how DC support was indicated by using dc-support-r12 IE for various CA UE supported bands and band combinations). 
	
	
	
	DAPS based HO
	Different TAG for source and Target eNB
	CA support
	DC support

	Sync
	Intra Band
	Intra Freq
	Yes with capability specified per band of BC
	Yes
	N/A
	N/A

	
	
	Inter Freq
	Yes with capability specified per band of BC
	Yes
	Yes
	Yes

	
	Inter Band
	Inter Freq
	Yes for specified BC in UE capability
	Yes
	Yes
	Yes

	Async
	Intra Band
	Intra Freq
	UL TDM needed to support UL Tx. Capability indicated per band of BC.
	Yes
	N/A
	NO

	
	
	Inter Freq
	UL TDM needed to support UL Tx. Capability indicated per band of BC.
	Yes
	N/A
	Yes

	
	Inter Band
	Inter Freq
	Yes for specified BC in UE capability. Specify band grouping capability similar to DC
	Yes
	N/A
	Yes


Table 1: UE support for DAPS based HO, CA and DC for various deployment scenarios.
Proposal 1.   CA and DC based signalling structure can be used as baseline to indicate HO support for various band combinations.
Intra Freq HO support is new requirement for HO scenario when compared with DC and CA functionality. When UE base band capabilities are indicated, they are specified at different levels. i.e., different capabilities are indicated per band of BC, per BC, per UE, per band of TM etc. When a UE is supporting intra freq HO, it may not be possible for UE to support band specific parameters (Ex: no.of MIMO layers, support of  256 QAM etc) on both source and target eNBs intra freq simultaneously.  This means during intra freq HO, UE base band capabilities need to be restricted and these limited UE base band capabilities during intra freq HO need to be signalled per band of BC.  
For DC case, intra band sync DC support signalling is supported for contiguous CCs and not supported for non-contiguous CCs. For inter band sync DC, all CCs within a given band need to be contiguous. 

For HO case, we need to allow inter freq-intra band HO as UE capability signalling.

Proposal 2.   eMBB HO capabilities are specified as: 

· per band combination (for inter freq-inter band, non-contiguous inter freq-intra band) and per band of BC (for intra freq- intra band and contiguous inter freq-intra band) supported for CA bands
· Separate baseband capability limitations per Band of BC are indicated for use during HO procedure

2.2 Sync Vs Async HO support

Based on our understanding, sync vs async timing can be viewed as below.
- Async Timing: Async timing offset can be completely floating around or potentially specify some upper limit for async 
- Sync Timing: Within the maximum timing difference allowed by DL CA (up to 30.26 us)
Based on RAN4 [3] LS reply, it seems RAN4 needs further study for following 2 cases about feasibility of simultaneous transmission and reception.

· Simultaneous transmission for intra-frequency asynchronous deployment

· Simultaneous reception and transmission for inter-frequency intra-band asynchronous deployment are FFS.

For above 2 scenarios, UE will not be able to support simultaneous UL Tx and some form of UL TDM is required. 

Proposal 3.   UE capability indicates Sync and Async HO support capabilities (per band & band of BC) separately for the case of intra band – intra freq & inter freq, inter band – inter freq scenarios 
2.3 How to indicate supported no.of CCs during HO

In LTE CA, bandwidth class defines  

- Maximum number of CCs supported

- Maximum bandwidth supported

UE indicates supported bandwidth class separately for both DL CA and UL CA.

For HO scenario, the question is how UE capability indicates support of DL and UL intra freq CCs and inter freq CCs supported by UE.
For example, if we take bandwidth class B and C, we can support 2CC, less than or equal to 20MHz RF bandwidth for bandwidth class B and 2 CCs, less than or equal to 40MHz for bandwidth class C. In case of HO scenario, the CCs can be overlapped or not overlapped. In Figure 4, we show possible configurations of bandwidth class B and C for HO scenario. 
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Fig 4: bandwidth class B & C during HO scenario

In order to take above intra and inter freq HO scenario into account, we think there is need to extend the usage of CA band width class definition. This may have some RAN4 impacts as well and need to send an LS to RAN4 for their feedback.

Proposal 4.   The total number of CC for intra-band (intra freq, inter freq) is given by bandwidth class separately for DL and UL
- Total number of CC includes overlapped CC for intra-frequency

2.4 Multi TAG support for HO

Same TAG: Uplink timing perfectly aligned.

In LTE DC, multiple TAG support is mandatory for DC, i.e., one TAG per CG.
In case of CA, multiple TAG is optional, and the capability is defined as follows.

multipleTimingAdvance

Indicates whether the UE supports multiple timing advances for each band combination listed in supportedBandCombination. If the band combination comprised of more than one band entry (i.e., inter-band or intra-band non-contiguous band combination), the field indicates that the same or different timing advances on different band entries are supported. If the band combination comprised of one band entry (i.e., intra-band contiguous band combination), the field indicates that the same or different timing advances across component carriers of the band entry are supported.
In case of enhanced MBB HO, we think multi TAG must be supported by the UE, one TAG for the source cell(s) and the other for the target cell(s) of the handover.
Proposal 5. For HO case, support multiple TAG capability indication when same band frequencies (intra freq and inter freq) and inter band frequencies are shared between source and target eNBs.
2.5 UE capability support for UL TDM and no.of RF chains support
For UL intra-band intra-frequency scenario (CC on top of each other), can lead to multi-cluster PUSCH if RB allocation in UL is non-contiguous between source and target. Not all UEs will have support for multi-cluster PUSCH in many bands due to UE implementation constraints (Ex: MPR, emission requirements etc). For intra-band contiguous, it becomes equivalent to UL CA scenario from UE perspective and which can be supported as long as UE has UL CA support for that band.

This means, a separate UE capability indication is needed to indicate whether UE has support for intra freq HO from UL perspective. If UE does not support, then UL TDM pattern configuration is required for UE to prevent UE from transmitting simultaneously in same sub frame to both source and target eNBs. 

As per RAN4 LS reply [3], it is not possible to support simultaneous UL Tx for the case of intra-freq async and inter freq-intra band async scenarios and UL TDM pattern configuration is required.

Based on UE supported number of Rx and Tx RF chains, UL TDM pattern configuration is required.

Configuration of TDM pattern: reuse same structure as UL SRS carrier switching (indicate which bands with uplink can switch to other bands with uplink).

Proposal 6. UE capability indication support for simultaneous transmission and reception per BC, Band of BC 

Proposal 7. UE capability indication to signal need for UL TDM pattern for a given scenario, use same approach as SRS carrier switching capabilities
Any change or limitation of UE base band capabilities during HO, change of interpretation of bandwidth class and multiTAG usage for HO scenarios may have some RAN4 impact as well. Thus, we propose to send a LS to RAN4 and cc: RAN1 as well.
Proposal 8. RAN2 agrees to send a LS to RAN4 and CC: RAN1 about change of UE capability during HO procedure. 
3. Conclusion

In this contribution, we discussed various proposals about how UE will signal UE HO capabilities to enable sharing of UE capabilities between source and target eNBs during DAPS based enhanced MBB HO procedure.  
Observation 1.
For intra freq HO support from UE perspective, there is no change of RF configuration needed.
Observation 2.
For inter freq HO support from UE perspective, there is change of RF configuration needed and UE capability indication is needed to indicate whether UE support inter freq HO or not.                      

Proposal 1.
CA and DC based signalling structure can be used as baseline to indicate HO support for various band combinations.
Proposal 2.
eMBB HO capabilities are specified as:
-
per band combination (for inter freq-inter band, non-contiguous inter freq-intra band) and per band of BC (for intra freq- intra band and contiguous inter freq-intra band) supported for CA bands
-
Separate baseband capability limitations per Band of BC are indicated for use during HO procedure
Proposal 3.
UE capability indicates Sync and Async HO support capabilities (per band & band of BC) separately for the case of intra band – intra freq & inter freq, inter band – inter freq scenarios
Proposal 4.
The total number of CC for intra-band (intra freq, inter freq) is given by bandwidth class separately for DL and UL
- Total number of CC includes overlapped CC for intra-frequency
Proposal 5.
For HO case, support multiple TAG capability indication when same band frequencies (intra freq and inter freq) and inter band frequencies are shared between source and target eNBs.
Proposal 6.
UE capability indication support for simultaneous transmission and reception per BC, Band of BC
Proposal 7.
UE capability indication to signal need for UL TDM pattern for a given scenario, use same approach as SRS carrier switching capabilities
Proposal 8.
RAN2 agrees to send a LS to RAN4 and CC: RAN1 about change of UE capability during HO procedure.
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