
3GPP TSG-RAN WG2 #112-e
R2-200xxxx
Electronic, 2 Nov – 13 Nov 2020

Source: 
Huawei, HiSilicon
Title: 
Report of [Post111-e][921][DAPS] DAPS capability structure clarifications (Huawei)
Agenda Item:
6.7.4
Document for:
Discussion and decision

1 Introduction
This is the report of the following offline discussion:

	· [Post111-e][921][DAPS] DAPS capability structure clarifications (Huawei)

Scope: Discuss whether capability descriptions need changes based on R2-2008145 (this may require changes over what was endorsed in R2-2008146).


Intended outcome: Email discussion summary + CR (if needed)


Deadline:  Long


This offline discussion can be divided into two phases:

· Feedback on the included questions (comments due 8 October 2020)
· CR generated (if needed) and review based on the consensus in Phase 1 (deadline 15 October 2020)
2 Discussion

In RAN2#111 meeting, RAN2 agreed to define a featureSetCombinationDAPS to indicate DAPS UE capability [1]. But the corresponding interpretation is still not crystal clear. So we continue to discuss how UE structures this DAPS UE capability reporting with featureSetCombinationDAPS and how network interprets it in this email discussion.
2.1 Basic principles
2.1.1 How many CCs are included in a BC for DAPS?
In offline-214 of RAN2#111 meeting [2], companies showed different understanding on how many CCs UE includes in a BC for DAPS. Currently we have two options:
Option A: source PCell + target PCell only (i.e. only 2 CCs exist in a BC for DAPS, the UE cannot indicate the support of DAPS in a BC with more than 2CCs).
Option B: UE can indicate the support of DAPS in a BC with more than 2CCs, and it means UE can support DAPS with every CC pair among them.
With option A, one way is to only include DAPS UE capability in a single band BC with 2CCs, or in a two-band BC with one CC in each band. From signalling viewpoint, this structure is clear but it may lead to more DAPS specific BCs. 
And another way is to allow UE to indicate DAPS UE capability in a multi-band BC, but for each FeatureSetEntryIndex, only one band has non-zero FeatureSetUplinkId and FeatureSetDownlinkId with 2CCs, or only two bands have non-zero FeatureSetUplinkId and FeatureSetDownlinkId with one CC in each band. In this way UE can still indicate DAPS UE capability in existing BC, but each FeatureSetsPerBand may need to contain a long list of feature sets due to this restriction.
With option B, more than 2CCs can be included in a BC for DAPS. For intra-freq DAPS, one band can have 3CCs in one FS, and it means every CC pair can support DAPS. For inter-freq DAPS, if there are three bands (e.g. Band X, Band Y and Band Z) and each of them has one CC, then every CC pair can support DAPS, e.g. 1CC from Band X and 1CC from Band Y. So option B can reduce some signalling overhead in this aspect.

Question 1: how many CCs would companies like to include in a BC for DAPS?
	Company
	Option A or B?
	Comments

	Ericsson
	B
	In some cases the UE may be able to indicate DAPS capability in a BC with more than 2 CCs and hence save overhead. The UE shall then supports DAPS between any of those carriers and each of them can be source and target.

	Huawei, HiSilicon
	B
	Option B actually allows more flexibility for UE implementation, if UE supports DAPS between every CC pair among 3 or 4 CCs, in this way it saves signalling overhead.

	Nokia
	B
	Yes, this is reasonable approach: Forcing UE to indicate each and every 2CC combination supporting DAPS would adversely affect UE capability size by having UE signal additional (fallback) BCs for DAPS.

	Intel
	B
	Option B can save signalling` overhead in case the UE can support DAPS for any sub-combination of the BC;

	
	
	


2.1.2 Separate BCs for intra-freq and inter-freq DAPS?
Based on RAN2 agreement, intra-freq DAPS UE capability is indicated per FS, and inter-freq DAPS UE capability is indicated per BC.
If UE indicates intra-freq and inter-freq DAPS UE capabilities separately:
For intra-freq DAPS, UE can indicate intra-freq DAPS UE capability in a single-band BC. And with each FeatureSetEntryIndex, UE can indicate DAPS UE capability with different SCS values in FSperCC level. If UE indicates intra-freq DAPS UE capability in a multi-band BC (e.g. 3 bands), then the FeatureSetCombinationDAPS may look like the following Table.
Table 1 FeatureSetCombinationDAPS for intra-freq DAPS (a two-dimensional matrix of FeatureSet entries)
	
	Band1
	Band2
	Band3

	FeatureSetEntryIndex = 1
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 15Khz SCS), 2CCs included
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 15Khz SCS) , 2CCs included
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 15Khz SCS) , 2CCs included

	FeatureSetEntryIndex = 2
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 30Khz SCS) , 2CCs included
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 30Khz SCS) , 2CCs included
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 30Khz SCS) , 2CCs included


For inter-freq DAPS, take inter-band inter-freq case as an example, UE may indicate inter-freq DAPS UE capability in a multi-band BC. Then every FS linked to FeatureSetCombinationDAPS doesn’t have intra-freq DAPS UE capability. Table 2 shows a three-band BC with inter-freq DAPS UE capability included. So inter-band inter-freq DAPS using each CC pair, e.g. 1CC from Band1 and 1CC from Band2, is supported.
Table 2 FeatureSetCombinationDAPS for inter-freq DAPS (a two-dimensional matrix of FeatureSet entries)
	
	Band1
	Band2
	Band3

	FeatureSetEntryIndex = 1
	FeatureSet with one CC (e.g. support of 15Khz SCS)
	FeatureSet with one CC (e.g. support of 15Khz SCS)
	FeatureSet with one CC (e.g. support of 15Khz SCS)

	FeatureSetEntryIndex = 2
	FeatureSet with one CC (e.g. support of 30Khz SCS)
	FeatureSet with one CC (e.g. support of 30Khz SCS)
	FeatureSet with one CC (e.g. support of 30Khz SCS)


If UE indicates both intra-freq and inter-freq DAPS UE capabilities in one BC:
One example could be as below:

Table 3 FeatureSetCombinationDAPS for both intra-freq and inter-freq DAPS 
	
	Band1
	Band2
	Band3

	FeatureSetEntryIndex = 1
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 15Khz SCS), 2CCs included
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 15Khz SCS) , 2CCs included
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 15Khz SCS) , 2CCs included

	FeatureSetEntryIndex = 2
	FeatureSet with one CC (e.g. support of 30Khz SCS)
	FeatureSet with one CC (e.g. support of 30Khz SCS)
	FeatureSet with one CC (e.g. support of 30Khz SCS)

	FeatureSetEntryIndex = 3 (need more clarification)
	FeatureSet with intra-freq DAPS UE capability (e.g. support of 60Khz SCS), 2CCs included
	FeatureSet with one CC (e.g. support of 60Khz SCS)
	FeatureSet with one CC (e.g. support of 60Khz SCS)


For FeatureSetEntryIndex = 1, this row is only for intra-freq DAPS. And the UE supports intra-freq DAPS in every band in this BC. Two CCs included in each band, i.e. one for source cell and the other one for target cell.

For FeatureSetEntryIndex = 2, this row is only for inter-freq DAPS. And the UE supports inter-band inter-freq DAPS between every CC pair, e.g. one CC from band1 and one CC from band3.

For FeatureSetEntryIndex = 3, this row is for a mixed case, when UE supports intra-freq DAPS with 60KHz SCS in band1, and support inter-band inter-freq DAPS between band2 and band3.
In this case, one thing that needs to be further clarified is in FeatureSetCombinationDAPS if a FS with intra-freq DAPS UE capability can also be applied to inter-freq DAPS, or it is only applied to intra-freq case. In FeatureSetCombinationDAPS several FeatureSets are referred to, it is necessary to clarify if intra-freq and inter-freq share the same DAPS UE capability in FS level. Take FeatureSetEntryIndex = 3 as an example, if UE indicates capability in this way, does it mean UE supports inter-band inter-freq DAPS between band1 and band2, and UE also supports intra-band inter-freq in band1?
Question 2: Do companies think it is necessary to specify that UE indicates intra-freq and inter-freq DAPS UE capabilities in different BCs?
	Company
	Y or N?
	Comments

	Ericsson
	N
	A NW only implementing intra-freq DAPS will not understand the inter-freq DAPS capabilities, and vice versa. The "separate"-approach above (the first approach), seem to suggest that the network should anyway understand this. It breaks principles.

Also there seem to be no good motivation for this.

The "separate"-approach seem to also increase overhead since with the "separate"-approach the UE has to include duplicate band combinations if it supports both inter- and intra-freq DAPS.

	Huawei, HiSilicon
	N
	In one BC, UE can indicate support of DAPS HO by FeatureSetCombinationDAPS, and indicate support of single CC or CA by FeatureSetCombination, so there is no need to specify this restriction.

	Nokia
	N
	Agree. We do not see a reason to duplicate as both the sets of capabilities are exclusive and can be processed separately. Generally, the roles of FeatureSetCombinationDAPS and regular featureSets may need some clarifications (see later questions).

	Intel
	N
	We have introduced intraFreqDAPS under “featureSetCombinationDAPS”. If it is present for band of the BC, that means the UE supports intraFreqDAPS for this Band of the BC;

If interFreqDAPS IE is present in the BC, that means the UE supports the interFreqDAPS for any sub-combination of this BC, i.e. B1+B2, B1+B3, B2+B3. 

For intraBand contiguous case, i.e. bandwidth class >A, the UE shall also support the interFreqDAPS for any subcombination for intraBand contiguous case. 



	
	
	


Question 3: if UE can indicate intra-freq and inter-freq DAPS UE capabilities in the same BC, how to interpret FS level UE capability within FeatureSetCombinationDAPS?

Option A: a FS with intra-freq DAPS UE capability only applies to intra-freq DAPS, and a FS without intra-freq DAPS UE capability is applied to inter-freq DAPS.
Option B: a FS with intra-freq DAPS UE capability applies to both intra-freq and inter-freq DAPS, and a FS without intra-freq DAPS UE capability is only applied to inter-freq DAPS.
	Company
	Option A or B?
	Comments

	Ericsson
	B
	We think option B is the baseline. Again, a NW only implementing intra-freq DAPS will not understand the inter-freq DAPS capabilities, and vice versa.
Since a NW which only implements inter-freq DAPS will not understand/see the intra-freq DAPS capabilities, with option A, it cannot know that a certain FS is "only for intra-freq DAPS". Hence, it seems that option A does not work.

	Huawei, HiSilicon
	B
	Less restriction means less signalling overhead, if we don’t allow intra-freq DAPS FS to be used for inter-freq DAPS, UE has to include more FS to indicate inter-freq DAPS UE capabilities.

	Nokia
	B
	The question is a bit incorrect as UE cannot indicate intra-frequency DAPS in the BC but as part of the FS, however we understand the intention. 

Our understanding is that the UE shall signal featureSetCombinationDAPS comprising of at least one FS where intra-frequency DAPS capability is signalled. If the UE also includes the inter-frequency DAPS capability for the BC, then both can be configured, and network can independently use these separate capabilities to configure the feature.

	Intel
	B
	It can save signalling overhead if the capabilities under the FS for the CC are same for intra and inter freq DAPS. 

	
	
	


2.1.3 Are contiguous and non-contiguous inter-freq DAPS UE capabilities both needed?
Regarding inter-freq DAPS scenarios, there are three cases currently, i.e. inter-band, intra-band contiguous and intra-band non-contiguous. To follow the same manner like CA, for inter-band and intra-band non-contiguous, UE indicates support of DAPS with two bands, i.e. one for source and one for target. For intra-band contiguous case, UE can indicate support of DAPS in a single band.
The issue that is worth discussing is if UE needs to differentiate intra-band contiguous and intra-band non-contiguous inter-freq DAPS. From UE capability signalling perspective, if UE doesn’t need this contiguous or non-contiguous differentiation, it would be unified to indicate inter-freq DAPS with two bands, i.e. intra-band contiguous case is merged into intra-band non-contiguous case and network doesn’t need to know this differentiation either.
One example of current understanding on inter-freq DAPS UE capability indication is as below:

In case of intra-band contiguous inter-freq DAPS, a UE indicates inter-freq DAPS support for a BC = nX(B); 
In case of intra-band non-contiguous inter-freq DAPS, a UE indicates inter-freq DAPS support for a BC = nX(2A); 
In case of inter-band inter-freq DAPS, a UE indicates inter-freq DAPS support for a BC = nX(A)-nY(A).

So the question is whether UE needs to have a unified manner, i.e. always using two-band to indicate inter-freq DAPS UE capability. In fact it eliminates the difference between contiguous and non-contiguous inter-freq UE capabilities, which leads to less signalling overhead.
Question 4
: Do companies think it is still needed to differentiate intra-band contiguous and intra-band non-contiguous inter-freq DAPS UE capabilities, or if the UE indicates inter-freq DAPS support for a band combination, the UE supports inter-freq DAPS between any carriers of this band combination (i.e. both between contiguous carriers, and between non-contiguous carriers of this band combination?
	Company
	Y or N?
	Comments

	Ericsson
	N
	If UE indicates inter-freq DAPS support for nX(B) it can do inter-freq DAPS between two contiguous carriers.
If it indicates inter-freq DAPS support for nX(2A) it can do inter-freq DAPS between two non-contiguous carriers.

The interesting case here (which we understand the question to be about) is: What if the UE indicates inter-freq DAPS support for nX(A-B)? We think that in this case the UE will support inter-freq DAPS between two contiguous carriers and also between two non-contiguous carriers.

We don’t think we need to differentiate further, no other WG has hinted towards this either, as far as we know.
We note that if the UE, for a BC nX(A-B), want to indicate that it supports DAPS between the non-contiguous carriers, but not for the contiguous carriers, the UE can do so by referring to a zero feature set.

	Huawei, HiSilicon
	Y
	As inter-freq DAPS is similar to CA, the “contiguous or non-contiguous” UE capability can be maintained. And we agree with Ericsson that “in this case (nX(A)-nX(B)) the UE will support inter-freq DAPS between two contiguous carriers and also between two non-contiguous carriers.”

	Nokia
	N
	As UE reports this capability for BC, our understanding is that it applies to all combinations that are relevant for this case.

	Intel
	N
	If the UE indicates the support of inter-FreqDAPS under the BC with more than 2CCs, then the UE shall support interFreqDAPS for any subcombination of the BC. 

	
	
	


2.2 “Source” or “target” indication
In current ASN.1 structure, there is no source or target indication in FSperCC level. Our previous agreement is just that “the CCs in the bandcombination with UL can all be source or target PCell”. According to offline-214 in RAN2#111, one reason why this indication is needed is target gNB cannot identify which FSperCC UE capability is used in source cell, so it may lead target gNB to choose an inappropriate FSperCC UE capability for target cell, as a result UE cannot support this DAPS UE capability combination.

Companies have provided several ways to indicate which CC is for source and which CC is for target in capability signalling.

Option A: indication in capability signalling.

Option A-1: first CC can be the source cell and the second CC can be the target cell. This solution can be applied to intra-freq DAPS case.
Option A-2: the first band in the BC is for source cell and the second one is for the target cell. This solution can be applied to inter-freq DAPS case.

Option A-3: only one FSperCC is used. It means UE have the same capabilities for both source and target. This solution can be applied to intra-freq DAPS case.
Option A-4: UE includes two FSpCCs and they are identical. Based on current agreement, at least two FSperCCs are needed in a FS for intra-freq DAPS, and to avoid picking inappropriate UE capability for target cell, they could be identical.

Option A-X: UE capabilities for source and target cell are determined by the FSPC. The configuration of source and target may be different as long as both respect UE capabilities. This solution can be applied to both inter-freq and intra-freq DAPS case.

With option A, one issue exists that UE needs to indicate DAPS UE capability twice, e.g. for intra-freq DAPS, FSperCC1 for source and FSperCC2 for target, FSperCC2 for source and FSperCC1 for target; for inter-freq DAPS, band1 for source and band2 for target, band2 for source and band1 for target. If UE can definitely support DAPS between CC1 and CC2 or between band1 and band2, it seems redundant to indicate this twice. On the other hand, the feasibility of option A relies on the answer to Question 1. If UE can include more than 2CCs or more than 2 bands in a BC, option A cannot apply.
When RAN2 discussed the principle for UE capability coordination, our agreement is that “the DAPS network coordination is based on source link configuration to be used during DAPS HO, UE capabilities” and other restrictions. Since it is difficult for target gNB to determine which FSperCC is used in source, it is reasonable to add the corresponding indication in inter-node RRC message to assist. So there is an option B as below:
Option B: indication in inter-node RRC message.

Option B-1: source gNB provides the candidate UE capabilities to target gNB used for target cell. It is similar to NR-DC, in which allowedBC-ListMRDC and selectedBandEntriesMNList are sent from MN to SN in order to assist SN to select UE capability. For DAPS, furthermore which FSperCC(s) can be used by target should also be sent to target node in addition to current assistance information. Considering UE capability has been sent to target node from source node in HandoverPreparationInformation (inter-node RRC message), i.e. ue-CapabilityRAT-List, in fact option B-1 provides a smaller group of UE capabilities to select for target cell.

Option B-2: source gNB indicates to target gNB which UE capability is used in source. Compared to B-1, it is more straightforward and effective. Source gNB needs to provide the detailed UE capability information used in source, i.e. BandCombinationIndex, BandEntryIndex, FeatureSetEntryIndex, FeatureSetDownlinkPerCC index and FeatureSetUplinkPerCC index. As target node can get the whole UE capability from HandoverPreparationInformation, it allows more freedom for target node to select DAPS UE capability for target cell compared to B-1.

Question 5: regarding how to support “source” or “target” indications, which option would companies like to choose?
	Company
	Option A or B?
	Which sub-option is preferred, and Comments

	Ericsson
	A3
	Current spec says that any carrier in the BC can be source and target. Hence, the opposite of A1 and A2.
And there is no signalling like suggested in option B. Hence the UE must be able to cope with that there is no coordination between source and target.

The UE should then do either A3 or A4. A3 results in less overhead than A4 hence we propose A3.

It might actually be possible that the UE indicates two non-identical FSpCCs (i.e. an option A5), but then the UE must support that the source chooses either of them and the target chooses either of them, in an uncoordinated manner.

	Huawei, HiSilicon
	B2
	In this way target gNB can know the detailed UE capability used in source, then it can select the UE capability used in target side.
Option A depends on UE capability reporting, each sub-option has some drawbacks, which we think are not good ways to go.

	Nokia
	A-X (please see NOTE about A3)
	We think A-X should work as understood below:

Given that target can select single “CC” with the property indicated in the FSPC based on what is selected at source is one way to proceed. As target looks at source configuration to provide a delta configuration this should be possible without any specific coordination to select one carrier from the FSPC at source and the other one from the remaining FSPC’s.  

However, we would recommend UE to avoid duplicating FSPC entries to avoid adding redundancy. 

For inter-frequency DAPS, the combination of choosing another carrier within same band in contiguous/non-contiguous or another band are all possible so that should be allowed. 

NOTE: A3 in the given form does not work as if the BC comprises two CC’s exactly of 40 MHz and 20 MHz and the source and target still end up choosing 40 MHz with same capabilities, this may exceed UE capabilities.

	Intel
	Option B-x
	1the source will not update source configuration during/after DAPS HO period;

2 Based on UE’s configuration configured in source ( forwarded to target during HO), the target can also know what UE capabilities the source is using, and what capability the target can use during DAPS HO. 

	
	
	


2.3 BandwidthClass restriction

According to TS 38.306, BandwidthClass is “the class defined by the aggregated transmission bandwidth configuration and maximum number of component carriers supported by the UE, as specified in TS 38.101-1 [2] and TS 38.101-2 [3]”
For FR1, the Table of bandwidthClass is as below [3]:
Table 5.3A.5-1: NR CA bandwidth classes

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ BWChannel,max
	1
	1, 2

	B
	20 MHz ≤ BWChannel_CA ≤ 100 MHz
	2
	2

	C
	100 MHz < BWChannel_CA ≤ 2 x BWChannel,max
	2
	1

	D
	200 MHz < BWChannel_CA ≤ 3 x BWChannel,max
	3
	

	E
	300 MHz < BWChannel_CA ≤ 4 x BWChannel,max
	4
	

	G
	100 MHz < BWChannel_CA ≤ 150 MHz
	3
	2

	H
	150 MHz < BWChannel_CA ≤ 200 MHz
	4
	

	I
	200 MHz < BWChannel_CA ≤ 250 MHz
	5
	

	J
	250 MHz < BWChannel_CA ≤ 300 MHz
	6
	

	K
	300 MHz < BWChannel_CA ≤ 350 MHz
	7
	

	L
	350 MHz < BWChannel_CA ≤ 400 MHz
	8
	

	NOTE 1:
BWChannel, max is maximum channel bandwidth supported among all bands in a release

NOTE 2:
It is mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order NR CA bandwidth class configuration that belong to a different fallback group


For FR2, the Table of bandwidthClass is as below [4]:

Table 5.3A.4-1: CA bandwidth classes

	NR CA bandwidth class
	Aggregated channel bandwidth
	Number of contiguous CC
	Fallback group

	A
	BWChannel ≤ 400 MHz
	1
	 1,2,3,4

	B
	400 MHz < BWChannel_CA ≤ 800 MHz
	2
	1

	C
	800 MHz < BWChannel_CA ≤ 1200 MHz
	3
	

	D
	200 MHz < BWChannel_CA ≤ 400 MHz
	2
	2

	E
	400 MHz < BWChannel_CA ≤ 600 MHz
	3
	

	F
	600 MHz < BWChannel_CA ≤ 800 MHz
	4
	

	G
	100 MHz < BWChannel_CA ≤ 200 MHz
	2
	3

	H
	200 MHz < BWChannel_CA ≤ 300 MHz
	3
	

	I
	300 MHz < BWChannel_CA ≤ 400 MHz
	4
	

	J
	400 MHz < BWChannel_CA ≤ 500 MHz
	5
	

	K
	500 MHz < BWChannel_CA ≤ 600 MHz
	6
	

	L
	600 MHz < BWChannel_CA ≤ 700 MHz
	7
	

	M
	700 MHz < BWChannel_CA ≤ 800 MHz
	8
	

	O
	100 MHz ≤ BWChannel_CA ≤ 200 MHz
	2
	4

	P
	150 MHz ≤ BWChannel_CA ≤ 300 MHz 
	3
	

	Q
	200 MHz ≤ BWChannel_CA ≤ 400 MHz 
	4
	

	NOTE 1:
Maximum supported component carrier bandwidths for fallback groups 1, 2, 3 and 4 are 400 MHz, 200 MHz, 100 MHz and 100 MHz respectively except for CA bandwidth class A.

NOTE 2:
It is mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration within a fallback group. It is not mandatory for a UE to be able to fallback to lower order CA bandwidth class configuration that belong to a different fallback group.


In legacy ASN.1 structure, BandwidthClass needs to align with featureSetCombination. For one Band in featureSetCombination, if the BandwidthClass is A, there is only one FSperCC in the corresponding FS; if the BandwidthClass is B for FR1, there is at most two FSperCCs in the corresponding FS.

But for DAPS it is not the same case, e.g. for intra-freq DAPS, there is actually only one carrier but with two PCells. And if the decision on Question 1 is option B (UE can indicate the support of DAPS in a BC with more than 2CCs), for intra-band inter-freq DAPS, there are actually two carriers used during DAPS.

Since our previous agreement on intra-freq DAPS is that “Intra freq DAPS can be supported for bandwidthClass B/C and above UE”, and it is to follow the legacy principle that only a band with BandwidthClass B/C and above can support two or more FSperCCs within featureSetCombination. For now, the featureSetCombinationDAPS is defined for DAPS, do companies think the bandwidthClass restriction still applies?
Question 6: Do companies think UE should be allowed to indicate intra-freq DAPS UE capability in a band with bandwidthClass A by featureSetCombinationDAPS? 
	Company
	Y or N?
	Comments

	Ericsson
	Y
	This is related to Q5:

· If Option A3, the answer is "Yes" to this question.

· If Option A4, the answer is "No" to this question.

We prefer Option A3 above, hence we say "Yes".

	Huawei, HiSilicon
	Y
	It is in line with the practical scenario, i.e. intra-freq DAPS gets only one CC involved from RF point of view.

	Nokia
	Y
	As in Q1 we have listed at least 2CC’s should be required in given band combination to allow DAPS, we think also yes.

	Intel
	N
	It would be good to follow existing principle. 

	
	
	


Question 6a: If the answer to Question 6 is yes, do RAN2 need to specify that there should be two or more FSperCCs in this Class A band within featureSetCombinationDAPS for intra-freq DAPS?
	Company
	Y or N?
	Comments

	Ericsson
	No.

It can be allowed to signal 2 or more, but not required. 
	It doesn’t have to be two or more FSpCC, it should be possible to have only one (Option A-3 for Q5).

It would however be possible that the UE includes more FSpCCs but then the UE has to cope with that the source and target selects which FSpCCs they "use" for this UE in an uncoordinated manner. The UE shall set the capabilities accordingly, or, as Option A-3 for Q5 describes, the UE includes only one.

	Huawei, HiSilicon
	Y
	More than one FSperCC should be included in this Class-A band, e.g. one for source cell and the other one for target cell.

	Nokia
	Not really
	What we mean is that UE can report two bands each with BW class A and still there is possibility to do intra-frequency DAPS for each of these bands as the UE is capable of 2CC’s at least. Same argument for inter-frequency.

	
	
	


Question 6b: If the answer to Question 6 is yes, do RAN2 need to specify a clarification that a FSperCC refers to source cell or target cell, but not a carrier within featureSetCombinationDAPS for intra-freq DAPS?
	Company
	Y or N?
	Comments

	Ericsson
	N
	We thought that with current signalling structure, all cells can be source and target. Hence all FSperCCs can be source and target. To avoid the coordination-issue discussed in Q5, we assume the UE should set all FSpCCs to be the same (if we go with A4) or if we go with A3 it is only one which can be used by source an target.

	Huawei, HiSilicon
	Y
	This clarification is needed to support intra-freq DAPS in Class-A band.

	Nokia
	N
	We see no reason to additionally clarify this - see Q5.

	
	
	


Question 7: furthermore, for other cases (e.g. bandwidthClass B), do companies think UE still needs to follow the legacy restriction (e.g. at most two FSpeCCs for this band with bandwidthClass B) with featureSetCombinationDAPS? 
	Company
	Y or N?
	Comments

	Ericsson
	
	We don’t think there is a restriction of at most two FSpCCs for BWC B (or any other BWC).

	Huawei, HiSilicon
	Y
	Current BWC descriptions can still be maintained.

	Nokia
	
	Sorry, but we did not understand the question. Could you please clarify what really is the legacy restriction?

	Intel
	Yes
	It is related to Question 6. If the answer for question 6 is “Yes”, then that means for bandwidthClass B, there should be 3CCs for intraFreqDAPS. But if we follow the legacy restriction, then it should be at most 2 CCs. 

	
	
	


Question 7a: If the answer to Question 7 is no (e.g. there are three FSpeCCs for this band with bandwidthClass B), do RAN2 need to specify a clarification that only two FSperCCs in this band are used during DAPS within featureSetCombinationDAPS?
	Company
	Y or N?
	Comments

	Ericsson
	-
	We assume that when it above says "only two FSperCCs in this band are used", it means that the source "uses" one for this UE and the target "uses" one. Since there is no DC/CA we think it is clear that it can be only two that are "used" since the UE only has source PCell and target PCell.
It is unclear how this would be specified though or if there is a need to specify this. 

	Nokia
	
	It is common understanding that SCell(s) are not operational during the DAPS. So we don’t really see the need to make additional clarifications.

	
	
	

	
	
	


2.4 supportedBandwidth in FSperCC
In offline-214 [2], RAN2 had an initial discussion on FSperCC bandwidth fallback, but there was no consensus. Currently we have four options on the table.
Option A: support FSperCC bandwidth fallback.

Option A-1: similar to CA. For inter-freq DAPS, the exact bandwidth depends on supportedBandwidthDL/UL, channelBWs-DL/UL and supportedBandwidthCombinationSet. For intra-freq DAPS, the exact bandwidth depends on supportedBandwidthDL/UL and channelBWs-DL/UL, i.e. like single CC case.
Option A-2: simpler than CA. For both inter-freq and intra-freq DAPS, the exact bandwidth only depends on supportedBandwidthDL/UL and channelBWs-DL/UL. In offline-214 [2], one company commented that it “is not acceptable since channelBWs-DL is signalled per RF band and is associated with many mandatory BWs in RAN4 specification.”
Option A-3: based on new channelBWs-DL/UL-DAPS. For both inter-freq and intra-freq DAPS, the exact bandwidth only depends on supportedBandwidthDL/UL and channelBWs-DL/UL-DAPS. channelBWs-DL/UL-DAPS is only for FSperCC bandwidth fallback during DAPS, and it could be a bitmap to indicate which smaller bandwidth can be supported during DAPS.
Option B: don’t support FSperCC bandwidth fallback, i.e. only indicated FSperCC bandwidth can be configured for DAPS. According to companies’ comments, this will cause more singling overhead when UE needs to indicate every supported bandwidth value, e.g. a long FS list in FeatureSetsPerBand within FeatureSetCombinationDAPS.
Question 8: regarding FSperCC bandwidth fallback, which option would companies like to choose?
	Company
	Option A or B?
	Which sub-option is preferred, and Comments

	Ericsson
	
	There are several levels of signalling for which bandwidth the UE supports:
1. Per band (channelBWs-DL/UL): a bit-map indicates which bandwidths the UE support on that band.

2. Per band per band combination (ca-BandwidthClassDL): the bandwidthClass (a, b, c, …) for the band for this band combination
3. Per carrier per band per band combination (supportedBandwidthDL):

4. Bandwidth Combination Set (supportedBandwidthCombinationSet): An index (0, 1, ..) which indicates for this particular band combination which index in the RAN4 table the UE supports, and each entry in the table indicates combinations of bandwidths.

Today, for CA, the network has to consider these and take the intersection.

We think that also for DAPS all these need to be considered. For example, consider that a UE indicates that it supports intra-frequency DAPS in a band combination CA_n78B, according to the table 5.5A.1-1 in 38.101-1, the UE is only required to support 20 MHz + 50 MHz. The network cannot assume the UE supports anything else than this. Even if the UE has indicated that for band n78 the UE supports also 40 MHz with the  channelBWs-parameters, the network cannot configure 40 MHz if there is no corresponding BC which has 40 MHz defined. This is true for CA and we think it is true for DAPS. The network should not assume that the UE supports anything which the UE has not reported that it supports.
If the UE indeed supports 40 MHz for band n78 in the above scenario, the UE would have to explicitly list as a band combination in UE capability signalling. 

	Huawei, HiSilicon
	A3 
	FSperCC bandwidth fallback is useful to reduce signalling overhead. Considering supportedBandwidthCombinationSet is only for CA (it may keep evolving as more band combinations are introduced in RAN4), and many mandatory BWs are specified in 38.101, it could be beneficial to have a dedicated indication for FSperCC bandwidth fallback in DAPS.

	Nokia
	
	To be concise we agree with Ericsson. The DAPS does not change the way in which the existing capability signalling is interpreted except that only single CC is active at source and target. Other than this, the capability structure and interpretation at network should follow legacy principles.

For Rel-16, at this moment we don’t really see a need for FSPC fallback interpretation enhancements. We can stick to the signalling made by the UE and the network has enough options to already pick a source and target CC for DAPS operation.

	Intel
	Option A
	It can reduce the signalling overhead. 

But details may need inputs from RAN4, e.g. whether existing definition will be reused or to introduce new definition channelBWs-DL/UL-DAPS.  

	
	
	


2.5 Other clarifications
2.5.1 featureSetCombination and featureSetCombinationDAPS
In RAN2#111, RAN2 made the agreement that “define a new featureSetCombinationDAPS to indicate DAPS UE capability”. And the following proposal was not agreed, i.e. “if this field is absent, current featureSetCombination can still be used for DAPS”. So for clarification, it is necessary to make it clear that UE only uses featureSetCombinationDAPS to indicate DAPS UE capability, and legacy featureSetCombination is used for other cases, e.g. CA and single CC cases.
Question 9: do companies agree that UE only uses featureSetCombinationDAPS to indicate DAPS UE capability, and legacy featureSetCombination is used for other cases, e.g. CA and single CC cases?
	Company
	Y or N?
	Comments

	Ericsson
	Y 
	

	Huawei, HiSilicon
	Y
	

	Nokia
	Y
	Which means that if featureSetCombinationDAPS is not signalled then it means intra-frequency DAPS cannot be configured.

	Intel 
	Y
	It is related to question 2 and 3. 

	
	
	


Furthermore, if the answer to Question 9 is yes, then another question is if a FS with intra-freq DAPS UE capability can be referred to by legacy featureSetCombination.

Option A: it is not allowed. So it means a FS with intra-freq DAPS UE capability can only be referred to by featureSetCombinationDAPS.

Option B: it is allowed. And NW will ignore the intra-freq DAPS UE capability within this FS.
Question 10: regarding if to allow a FS with intra-freq DAPS UE capability to be referred to by legacy featureSetCombination, which option would companies like to choose?
	Company
	Option A or B?
	Comments

	Ericsson
	A
	We should use one way of signal these capabilities. Since we add featureSetCombinationDAPS to point a FSs which are used for DAPS, the legacy featureSetCombination shall not be pointing at FSs which have DAPS capabilities. Option B would only increase complexity in our view.

	Huawei, HiSilicon
	A
	It is beneficial not to mix up these capabilities. 

	Nokia
	A
	Fully agree with Ericsson and see our response to Q9.

	Intel 
	A
	It is related to question 2 and 3. 

	
	
	


2.5.2 intraFreqDiffSCS-DAPS-r16 and interFreqDiffSCS-DAPS-r16
According to RAN4 feature list, intraFreqDiffSCS-DAPS-r16 indicates “support of different SCS-s in source and target cells in intra-freq DAPS”, and if this capability is absent, “The network cannot configure different SCS-s in source and target cells in intra-freq DAPS”. And based on current ASN.1 signalling structure, UE can indicate the exact supported SCS value in each FSperCC.
In online discussion in RAN2#111, companies are not sure if this capability also applies to uplink transmission. And with the corresponding description in RAN4 feature list, the understanding could be when intraFreqDiffSCS-DAPS-r16 is indicated, UE can further indicate which SCS value is supported in each FSperCC. Since there are UL FSperCC and DL FSperCC respectively, it can be left up to UE implementation whether to indicate support of different SCS-s only for UL, only for DL, or both for UL and DL. The same principle also applies to interFreqDiffSCS-DAPS-r16.
Question 11: do companies agree that when intraFreqDiffSCS-DAPS-r16 is indicated, it can be left up to UE implementation to indicate the exact SCS value in FSpreCC, and at least different SCS-s are available only for UL, only for DL, or both for UL and DL? The same principle also applies to interFreqDiffSCS-DAPS-r16.
	Company
	Y or N?
	Comments

	Ericsson
	N
	The question is really about how the network should interpret the diffSCS-DAPS capability. An example: Assume the UE indicates:

CC1: 15, 30 kHz

CC2: 60, 120 kHz

We cannot "leave this to UE implementation" since the example UE may be able to use support 60 in source and 60 in target, or support 120 in source and 120 in target, hence it includes 60 and 120 in the supported SCSs. The question is really: if this UE indicates diffSCS-DAPS capability, can it support to use different SCS in source and target in UL? 
We assume the answer is "Yes", and we should make it clear in the spec to avoid backwards compatibility issues.

	Huawei, HiSilicon
	Y
	In RAN4 feature list, they only mentioned “different SCS-s in source and target cells”, without further differentiation for UL or DL. So if this capability is indicated, it could be refer to UL or DL or both. 

	Nokia
	N
	It would be good to clarify this in the specification to have common understanding.

	Intel
	Y
	There are 3 scenarios, different SCS f or UL only, DL only and both UL/DL. The “intraFreqDiffSCS-DAPS-r16” only means the SCS is different for source and target, but could be one of the scenarios.

	
	
	


2.5.3 FR1-FR2 DAPS and FR1-FR2 CA
In RAN2#111, we have a leftover to address in this email discussion as below:
· Discuss if the consequence of the signalling structure is that UE supporting FR1-FR2 DAPS has to support FR1-FR2 CA (same as before)?

According to the analysis in [6], by defining featureSetCombinationDAPS, UE can indicate DAPS and CA UE capabilities separately. So when FR1-FR2 CA is not supported and FR1-FR2 DAPS is supported, UE could indicate its capability in the following way:
For example, there is a BC with two bands, i.e. Band-fr1 and Band-fr2.

1. In the featureSetCombinationDAPS (for DAPS), the UE can set FeatureSetUplinkId and FeatureSetDownlinkId for each band to non-zero value, i.e. pointing to a valid feature set.

2. In the featureSetCombination (for CA, mandatory present), the UE can set FeatureSetUplinkId and FeatureSetDownlinkId to 0 for the Band-fr2. This essentially indicates that the UE supports CA band combination with Band-fr1 only.
Question 12: do companies agree that UE can support FR1-FR2 DAPS without supporting FR1-FR2 CA by current signalling structure?
	Company
	Y or N?
	Comments

	Ericsson
	Y
	We think current signalling structure allows this since we have featureSetCombinationDAPS.

	Huawei, HiSilicon
	Y
	

	Nokia
	Y
	Agree with Ericsson, but it should be clarified that the featureSetCombinationDAPS should not be interpreted also for CA purposes by the network starting Rel-16. The CA capabilities can only be inferred by the non-DAPS related portions. 

	Intel
	Y
	Agree existing signalling allows the UE only support FR1/FR2 DAPS without supporting CA on the BC. 

	
	
	


2.5.4 Others
Question 13: Any other issues that companies think should be addressed in this email discussion? 
	Company
	Y or N?
	Comments
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