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1 Introduction

This paper discusses some NR late drop related UE capability transfer issues that remain from RAN2 eMail 104#66, a.o. covering the following aspects:

· General aspects

· Signalling to support retrieval of MR-DC cases in LTE and NR required in REL-15
· For the reported BCs, what MRDC differences to support i.e. supported MR-DC cases or also difference in supported BC specific features

· Enquiry/ request

· Need for any additional filtering options a.o. to provide NR DC capabilities
· Some further signalling details e.g. IEs to use in LTE and NR, BC with current EN-DC/ SA operation 

· Responses

· Whether to apply the XDD approach for reporting differences at level of (supported BC) list or at the level of an individual BC entry (i.e. single or multiple lists)

· Some further signalling details

The paper includes proposals aiming to conclude the signalling, even though for some aspects further RAN4 input is anticipated. A corresponding CR is provided in [2].  
2 Discussion
2.1 General starting points/ requirements
MR-DC filter field

During eMail 104#66 there was some discussion about the MR-DC cases the UE should report in the UE-MRDC-Capability container. It seemed most companies prefer that UE should not include capabilities of all supported MR-DC cases but only the ones that are relevant to the network. Most companies also support introduction of a field (filter) by which network can request particular MR-DC cases. However, given that in REL-15 it is not possible to configure MR-DC upon IRAT HO between LTE and NR, we think that:

Observation 1
Only the following UE MR-DC capability transfer options are really essential to support in REL-15:
a) In LTE RRC (REL-15): capabilities for (NG)-EN-DC

b) In NR RRC (REL-15): capabilities for NE-DC

We acknowledge that the contents of the containers should be transparent to CN and that a container may end up in a RAN node of another RAT type than the one that requested it. This means that from the container itself it should be clear which MR-DC cases are covered. Given that filter parameters are so far reflected by UE in the container, it seems be appropriate to do this also for the MR-DC cases to report. 
Proposal 1:
The network can request the MR-DC cases the UE should report. The UE includes the requested MR-DC cases in the container it returns in response (i.e. it reflects the same values as for any other filter)
RAN2 can further discuss if it should really be possible for network to set values the MR-DC requested filters to values beyond what is essential for REL-15 i.e. as indicated

MR-DC differences to be reported
During eMail 104#66 we suggested that for it should be possible for the UE to indicate that for a particular band combination it supports (performed IoT) only some of the MR-DC cases it is requested to report. E.g. that for a particular BC, the UE should be able to indicate that it supports EN-DC but does not support (has not performed IoT for) NE-DC.

We were somewhat surprised to note a significant support for introducing a filter parameter while this quite basic difference received less support. I.e. we think that MR-DC filtering is appropriate because we fear that reporting all supported MR-DC cases may result in a non-marginal size increase of the MRDC capabilities. This is particularly because at this stage it seems difficult to rule out capability differences between MR-DC cases for some size critical fields, in particular the supported band combinations.

We do however acknowledge that RAN4 is expected to provide input regarding UE capability differences between the MR-DC cases a.o. whether for supported band combinations differences in support and/ or in associated capability parameters can be expected. As ASN.1 review is scheduled, we need to conclude the UE capability signalling at this meeting. As before, it seems RAN2 needs to make some assumptions in order to progress. Without RAN4 input it is probably difficult to conclude how likely it is that for a band combinations the supported features for EN-DC would differ from those for NE-DC, but RAN2 could of course by itself decide to support some level of flexibility. The more basic question of whether supported MR-DC cases may be different relates to IoT opportunities, so for this RAN2 should be somewhat more confident to decide. Hence, altogether we propose:

Proposal 2:
For the MR-DC band combinations supported/ reported, the UE should be able to indicate that a subset of the supported MR-DC cases is supported (IoT has been performed)

· E.g. that for the particular BC the UE supports EN-DC but does not support (has not performed IoT for) NE-DC
Proposal 3:
RAN2 is requested to discuss/ conclude whether for the MR-DC band combinations supported/ reported, signaling should allow UE to indicate that supported features are different for the different MR-DC cases:

· E.g. that the feature set combination for EN-DC is different from the one for MR-DC
2.2 Capability enquiry fields (request) 

During eMail 104#66 it seemed most companies think that there is no need for additional filtering parameters, other than a requested MR-DC cases filter. Some remarks regarding this:

· It seems possible to conclude that a single band list is sufficient for all MRDC cases i.e. no need for changes
· It is a bit unclear whether to support the option for network to request reporting of NR DC capabilities. Although not much support was indicated, it is similar to the requested MR-DC cases filter. Network may not support NR DC. If UE always reports NR DC capabilities, UE may include information not relevant to network (somewhat increasing size of UE capabilities)
· Networks may apply a band in FR1 for an NR PCell. Such networks, for MR-DC cases with NR used for MCG (NE-DC, NR DC), are not interested that UE reports MR-DC capabilities for BCs only including FR2. At this stage it however may be difficult to conclude whether a filter requesting UE to omit such BCs would result in significant savings. Hence, it seems best to conclude this issue at a later stage
In accordance with the previous, we propose:
Proposal 4:
The network can request the UE to report NR DC capabilities (alike it can request MR-DC cases)
We think it is appropriate to discuss some further signaling details:
· According to proposal 1, a field should be introduced by which the network can indicate the MR-DC cases the UE is requested to report. In NR RRC, the capabilityRequestFilter is defined for each particular rat-Type (e.g. by IE UE-CapabilityRequestFilterNR for rat-Type set to NR). It is currently not specified what IE to use for rat-Type set to MRDC. I.e. we need to decide whether to re-use IE UE-CapabilityRequestFilterNR or create a separate IE. The IE currently includes frequencyBandList (relevant for MRDC containers) and srs-SwitchingTimeRequest (not relevant for MRDC container). The new field to filter MR-DC cases seems not relevant for NR container, unless the supported feature sets would somehow be affected (i.e. due to differences supported in features).
· In LTE filters are not provided per rat-Type. In the (hopefully unlikely) case that the filter would affect feature sets, the filter should be set consistently for all rat-Types. I.e. a single MR-DC filter field seems appropriate. We furthermore assume that the same MR-DC filter options are introduced in LTE

· In LTE it actually seems preferable for the filter to be an octet string carrying an extensible IE defined in NR specifications, such that any future extensions are automatically covered. The NR IE UE-CapabilityRequestFilterNR can be used, assuming it is agreed to is re-used the same IE for filtering the MRDC container

· During eMail 104#66 it was proposed that the field to request MRDC cases includes a bit that if set means that UE should include EN-DC related capabilities. As currently UE includes EN-DC capabilities, it seems appropriate that presence of the bit means UE should omit EN-DC capabilities (to avoid an NBC)
In accordance with the previous, we propose:

Proposal 5:
Agree the following signaling aspects
1. In NR RRC, re-use the UE-CapabilityRequestFilterNR also as filter when rat-Type is set to MRDC (name may be generalized e.g. NR removed)
2. In LTE, specify that the new MR-DC filter that will be introduced is an octet string carrying the UE-CapabilityRequestFilterNR
3. Presence of the bit for EN-DC means UE omits EN-DC specific capabilities (for BC reasons)

2.3 Capability information fields (response) 

During eMail 104#66 it seemed all companies agree a single MRDC container is used to carry capabilities for all requested MR-DC cases. In this section we discuss some further detailed aspects.

Supported BCs

During eMail 104#66 there was some discussion about how to indicate for BC specific capabilities any differences between MR-DC cases. RAN2 previously agreed to in general report differences between MR-DC cases using the same approach as for XDD differences. This approach would mean that we would use the following fields for indicating supported BC capabilities:

· A first field to indicate capabilities common for all reported MR-DC cases (in this case, EN-DC and NE-DC)

· An additional field for every MR-DC case that is reported and for which capabilities are different from the one indicated by the first field

Now let’s consider an example in which a UE that supports BC1..18 supports/ reports EN-DC and NE-DC for the following two cases:

· Case A: For two of the reported BCs (BC5, BC9), the UE only supports EN-DC (but does not support/ has not IoT’d NE-DC)
· Case B: This is a special version of case A in which for two of the BCs supported for both MR-DC case (BC3, BC10), the BC specific features supported by the UE are different for EN-DC and NE-DC. For these BCs, it is still possible to identify a set of common features as well as some add-ons
XDD approach at level of BC list i.e. multiple supported BC lists (option 1)
The following table illustrates how the supported BC capabilities would be signaled for these cases when using the XDD approach at the level of the BC list field.

	Case
	Common
	EN-DC
	NE-DC
	Remarks

	A
	BC1..4, BC6..BC8, BC10..18
	BC5, BC9
	
	BCs supported for  a single MR-DC case are still reported once

	B
	BC1..4, BC6..BC8, BC10..18
	BC3, BC5, BC9, BC10
	BC3, BC10
	BCs with differences in supported features are reported several times


Tab1: Reporting of differences in supported BC capabilities using option 1
XDD approach at level of BC entry i.e. single supported BC lists (option 2)
An alternative approach would to have a single supported BC list and to indicate any differences within the concerned entries in the list. I.e to indicate for a supported BC entry for which differences apply:
· Indicate the supported MR-DC cases, if the BC is supported for a subset of the reported MR-DC cases

· Indicate the supported features for each MR-DC case, if these are not same for the reported MR-DC cases. For this the XDD approach can be considered i.e. within an entry of the supported BC list

Some further remarks:

· We think that the option 2 can be more efficient when there are the BC specific features are not the same for the reported MR-DC cases. If we cannot rule out such differences, it seems safest to adopt option 2
· The same findings would seems to apply for the feature set related lists (i.e. list of feature set combinations, list of feature sets)

Hence we propose:
Proposal 6:
RAN2 is requested to discuss/ conclude whether in UE capability signaling to use:

1) Multiple supported BC lists (some BCs may appear in multiple lists) or

2) A single supported BC list (differences indicated within each entry for which this applies)

Supported MR-DC cases
Let’s take the example of a UE that is requested to report 2 MR-DC cases. We think that use of the XDD approach for reporting of MR-DC cases may result in some ambiguity:

a) If the UE supports a single MR-DC case, the UE sets only signals the common capabilities

b) If the UE supports both MR-DC cases without any differences, the UE sets only signals the common capabilities i.e. does not include the fields by which it can indicate differences in support

There are probably different ways to resolve the ambiguity e.g:

1) Not to use the common capability field when UE reports a single MR-DC case

2) Explicitly indicate the supported MR-DC cases i.e. by separate field

As the first option seems NBC with current procedures, we think the 2nd option is preferable and hence propose:

Proposal 7:
Introduce a field in UE capabilities by which the UE indicates the supported MR-DC cases
3 Conclusion
This paper discusses some NR late drop related UE capability transfer issues that remain from RAN2 eMail 104#66. We request RAN2 to discuss and conclude the following related proposals:
Proposal 1:
The network can request the MR-DC cases the UE should report. The UE includes the requested MR-DC cases in the container it returns in response (i.e. it reflects the same values as for any other filter)
Proposal 2:
For the MR-DC band combinations supported/ reported, the UE should be able to indicate that a subset of the supported MR-DC cases is supported (IoT has been performed)

· E.g. that for the particular BC the UE supports EN-DC but does not support (has not performed IoT for) NE-DC
Proposal 3:
RAN2 is requested to discuss/ conclude whether for the MR-DC band combinations supported/ reported, signaling should allow UE to indicate that supported features are different for the different MR-DC cases:

· E.g. that the feature set combination for EN-DC is different from the one for MR-DC
Proposal 4:
The network can request the UE to report NR DC capabilities (alike it can request MR-DC cases)

Proposal 5:
Agree the following signaling aspects
1. In NR RRC, re-use the UE-CapabilityRequestFilterNR also as filter when rat-Type is set to MRDC (name may be generalized e.g. NR removed)

2. In LTE, specify that the new MR-DC filter that will be introduced is an octet string carrying the UE-CapabilityRequestFilterNR
3. Presence of the bit for EN-DC means UE omits EN-DC specific capabilities (for BC reasons)

Proposal 6:
RAN2 is requested to discuss/ conclude whether in UE capability signaling to use:

1) Multiple supported BC lists (some BCs may appear in multiple lists) or

2) A single supported BC list (differences indicated within each entry for which this applies)

Proposal 7:
Introduce a field in UE capabilities by which the UE indicates the supported MR-DC cases
RAN2 is furthermore requested to review and agree the corresponding CR to NR RRC as provided in [2].
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