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1 Introduction

RAN#54 confirmed that RAN2 should look into the issue of a dual-xDD UE having different capabilities/FGI settings for the two different xDD's [1]. In this contribution we would like to discuss the different possibilities how to realise this functionality and propose RAN2 to decide between 2 ways forward.
2 Consideration

In UMTS several mechanisms are introduced to handle UE capability reporting and UE capability update reporting. E.g. in UMTS, in addition to normal capability reporting, we have "early capability reporting" in connection request and "compressed capability reporting" for the inter-RAT case.

As a result, for all UE capabilities to be introduced after these mechanisms were introduced, there needs e.g. to be a conscious decision on whether to introduce this capability only in the intra-UMTS capabilities, or also in the "compressed capabilities" exchanged at inter-RAT mobility, and whether this capability is important enough to include in early capability reporting. People might forget about the different options through the years and having multiple options will invite errors. Lesson to be learned from this is that we should not try to endlessly optimise UE capability signalling, but where possible go for simplicity.

Observation 1: 
UE capability signalling has the tendency to become very complex with the progression of releases. Therefore any introduced new extension/mechanism should be as simple as possible. In addition it is preferable if there is only one location where later future extensions are to be introduced.
3 Different solution approaches

Based on contributions[2][3], online/offline discussions and further analysis, it seems there are two main solution approaches:

1) Have the contents of the capability signalling dependant on the xDD that is used/expected to be used
2) Have the contents of the capability signalling independent on the xDD that is used/expected to be used

In this section we will compare these two alternatives.

3.1 Content depending on xDD used/expected to be used

The outlines of a solution based on this approach seem to be as follows:

· 
In its simplest form, in this type of solution e.g. a dual-xDD UE in a TDD network would send the TDD capabilities in legacy signalling, and a UE in FDD would send the FDD capabilities in legacy signalling.  Thus a non-upgraded network only comprehending the legacy signalling would still work with the correct capabilities.
· 
However this type of solution does not allow a multi-xDD LTE network to truly operate as one RAT. If we consider different xDD cells part of the same RAT, an eNB taking a connected mode handover decision should be able to take the capabilites of the UE in the target xDD into account. This is not possible if the eNB is only aware of the UE capabilities related to the current xDD. This could be overcome by adding the capabilities of the other xDD in an extension part of the capability signalling. 
· 
Mechanisms are needed to always have the correct xDD in legact signalling: In IDLE, when the UE camps on a different xDD than previously, it performs a TAU to clear stored UE capabilities at the MME. In CONN, when the UE moves to non-upgraded cells (i.e. do not understand extension signalling) of another xDD than included in legacy capability signalling, either the network has to initiate a capability request to the UE or the network has to perform a swap of capabilities between legacy and extension signalling [3].

We think that this type of solution has important drawbacks in 3 areas:
Signalling overhead:
a) 
IDLE: Especially if we would want to treat TDD and FDD together as one RAT with corresponding flexible mobility (e.g. same priority across frequencies), having to perform a TAU at every xDD change in IDLE can be considered a serious drawback.

b)
CONN: Triggering of new capability upload in connected could ensure a unified view between UE and network what capabilities are included in legacy signalling part of UE capabilities stored in the MME, but will also introduce radio overhead.
Complexity:
c) 
IDLE: drawback a) can partly be overcome by additional enhancements. e.g: a TAU might be avoided if:
b1) 
the new cell is of the same xDD as the xDD that the UE signalling in the legacy part of the capability signalling in his last upload of UE capabilities;
b2) 
the UE only camps on the new cell but does not establish an RRC connection in the cell for reasons other than clearing the UE capabilities in the MME;
b3) 
the new cell indicates it supports the extension signalling;
b4)
....

However it should be clear that each of these mechanisms introduces complexity

d)
CONN: Mechanisms relying on capability swapping or UE capability request triggering introduce additional complexity in the network. Also UE and network might no longer have the same view on what is signalled in the legacy part and what is in the extension part (e.g. during handover failure handling).
Backward compatibility:
We assume it is clear that any mechanism introduced should have no impact on existing network deployments. We think this type of solution does not meet such a requirement e.g. consider the following two examples:
e) 
Example 1: Existing UMTS + LTE-FDD deployment
There is currently no requirement for a UMTS network to always have SIB19 indicating LTE frequencies when there is LTE coverage only in some part of the network. E.g. it might be sufficient to only have SIB19 indicating LTE frequencies in the part of the network where LTE coverage is present. Similarly there is no requirement for a UMTS network to always have a measurement configuration including LTE frequencies, e.g. such configuration might be absent when there is no LTE frequency available, or when the UE QOS demand is met on UMTS.
If a dual-xDD UE is requested to upload LTE capabilities and there is no information on LTE in SIB19/dedicated measurement control, the UE will not know what LTE capability to place in the legacy signalling. If the UE e.g. puts TDD capabilities in legacy signalling and later is handed over to an LTE FDD network, the solution is broken.

Again mechanisms could be introduced to overcome this (e.g. allow UE to upload LTE capabilities again when it detects it made the wrong choice, always new capability retrieval when entering LTE, TAU initiation by the UE at inter-RAT handover,...), but it is clear that these mechanisms will introduce further complexity and have limited use in existing network deployments.
f)
Example 2: UMTS network with mobility two 2 LTE networks
Let's assume an operator has deployed a UMTS + LTE-FDD network. Let's assume that somehow the issue from example 1 is solved, e.g. by having SIB19 everywhere indicating neighbour LTE FDD frequencies.
Now after a few years of great success, one or more LTE TDD carriers are added to the network. Note that this could be done by the same operator, or by a different operator if we have a shared UTRAN.
Will the UE know at time of LTE capability upload in UMTS what LTE mode it will be handed over to ? If not, any LTE network which the UE is handed over to would e.g. have to assume minimum UE capabilities at first and then ask for a UE capability upload in LTE. However the existing FDD nodes will not have this behaviour. Thus this would mean additional changes to an FDD LTE network operator which might not even deploy the LTE TDD network himself.
Based on the above, we assume it is clear that:

Observation 2: 
A solution relying on having the "correct" contents of legacy capability signalling e.g. based on the LTE mode used/expected to be used, seems not a good approach.

3.2 Content independent on xDD used/expected to be used

In this type of solution, the UE capability signalling would not be dependant on what xDD is used/expected to be used. I.e. a dual-xDD UE would always signal the relevant capabilities/FGI's for both FDD and TDD. Furthermore in order to minimise impact to nodes outside the LTE RAN (RNC, MME),  the capability signalling extensions should be made inside the existing capability IE.
Proposal 1: 
A dual-xDD UE will always signal relevant capabilities for both xDD's as part of the UE capability. For this purpose, the existing type UE-EUTRA-Capability will be extended.

We see two possibilities w.r.t. this extension signalling:

Extension possibility 1: 
Dual-xDD UE signals FDD capabilities/FGI's in legacy signalling, and if different, TDD capabilities/FGIs in an extension part.
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Figure 1: Possibility 1

This possibility results in little additional overhead, has no impact to existing FDD networks nor to existing single-xDD UE's e.g. TDD-only UE would still include the TDD capabilities in legacy signalling. The main drawback of this solution is that all TDD eNB's will have to be upgraded to support dual-xDD UE's with different xDD capabilities. We can understand that some network vendors might be hesitant for such a mandatory upgrade, but would still hope that RAN2 can serious discuss this type of approach. In principle we think this would be the preferable way forward.
Extension possibility 2: 
Dual-xDD UE signals common capabilities/FGI's in legacy signalling (i.e. capabilities/FGI's supported by both mode), and if there are additional capabilities/FGI's supported in one mode, signal additional FDD and TDD capabilities in two extension parts.
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Figure 2: Possibility 2
The overhead introduced by this type of solution turns out to be still quite limited (see below). This solution has no impact to existing FDD or TDD networks nor to existing single-xDD UE's. The only drawback is that non-upgraded networks will not be able to use the xDD-specific UE capabilities.

Proposal 2: 
We would like RAN2 to discuss whether to go for the extension possibility 1 or extension possibility 2.
4 More detailed considerations

So far we have assumed that the full capabilities/FGI bits would be duplicated for the other mode.  This approach enables to agree on the signalling before finalising the discussion on what bits are allowed to be different or not based on IOT availability/operator feature priorities. I.e. when the signalling is agreed, while the discussion progresses, in e.g. field description signalling restrictions could be indicated.
To see whether this is acceptable from a size overhead point of view, we examined one UE capability example which should be relatively typical for a multi-xDD mode UE. This example the UE supported:
	4 EUTRA bands
	2 TDD, 2 FDD

	6 inter-RAT bands
	2 UTRA FDD bands, 4 GERAN bands

	10 CA band combinations  
	For each band, one bandcomb for 1 cell 4tx, and 2 cell with 2tx
One bandcomb for 2 FDD bands, one bandcomb for 2 TDD bands


Table 1: Assumed UE configuration
The detailed size results are shown in Annex A, summarised below:

	Rel-8: apart from rf-Parameters/measParameters
	108 bits

	Rel-8: rf-Parameters, measParameters
	132 bits

	Rel-9:
	26 bits

	Rel-10: apart from rf-Parameters/measParameters
	52 bits

	Rel-10: rf-Parameters, measParameters
	594 bits

	Total size:
	912 bits


Table 2: Resulting sizes
From the email discussion [75b#35] it was clear that there is little need identified to have different values signalled for the Rel-8/Rel-10 fields rf-Parameters and measParameters. I.e. if the UE supports inter-xDD mobility, these fields will include the complete FDD/TDD picture on supported bands/need for measurement gaps and there is no need to duplicate this information.

Proposal 3: 
Agree to not duplicate Rel8/Rel10 rf-Parameters and measParameters.
Assuming we do not duplicate the rf-Parameters and measParameters, what would be the size implication for the two proposed extension possibilities:
	Single xDD
	114 bytes

	Extension 1 (FDD in legacy, TDD in extension)
	± 138 bytes

	Extension 2 (Common in legacy, FDD additions, TDD additions): Worst Case
	<=  ± 161 bytes


Table 3: Sizes of different extension possibilities
However it should be noted that the number indicated for extension possibility 2 is a (unrealistic) worst case where all TDD and FDD capabilities would be different from the signalled common capabilities. More realistically the FDD and TDD modes will only have a few additional capabilities compared to the common capabilities, or the capability support in one mode is equal to the common capability set.  In that case the total capability signalling size for extension 2 is most likely much smaller than the total signalling for extension 1.
As can be seen, the relative additional overhead for both extensions is quite small.

In addition it is proposed that these changes are made in the earliest possible extension container, i.e. in the lateNonCriticalExtension field present in UE-EUTRA-Capability-v940-IEs. This will ensure that both IDLE and CONN are handled consistently from Rel-9 and no impact on other groups has to be considered.
Proposal 4: 
Agree to include the extension in the lateNonCriticalExtension field in UE-EUTRA-Capability-v940-IEs.
5 Proposal

We would like to ask RAN2 to discuss the following proposals:

Proposal 1: 
A dual-xDD UE will always signal relevant capabilities for both xDD's as part of the UE capability. For this purpose, the existing type UE-EUTRA-Capability will be extended.

Proposal 2: 
We would like RAN2 to discuss whether to go for the extension possibility 1 or extension possibility 2.

Proposal 3: 
Agree to not duplicate Rel8/Rel10 rf-Parameters and measParameters.
Proposal 4: 
Agree to include the extension in the lateNonCriticalExtension field in UE-EUTRA-Capability-v940-IEs.
The CR's reflecting extension possibility 1 and possibility 2 are provided in respectively R2-120423 and R2-120424. Note that both CR's have the following important characteristics:


- 
No impact to any other WG specification than 36.331;

- 
Future extensions only need to be made in one location;
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Annex A: Size evaluation

	No
	Field
	Size
	Inc
	Comment

	1
	<preambles>
	2
	0:0
	

	2
	accessStratumRelease
	4
	0:2
	

	3
	ue-Category
	3
	
	

	4
	pdcp-Parameters
	15
	1:1
	

	5
	phyLayerParameters
	2
	3:0
	

	6
	rf-Parameters
	34
	3:2
	4 E-UTRA bands

	7
	measParameters
	98
	7:4
	For each of the 4 bands, need for gaps for 4 E-UTRA bands as well as for 6 inter-RAT bands (2 UTRA FDD bands, 4 GERAN bands). Note that there is a 6b length for each list (sequence of variable length)

	8
	featureGroupIndicators
	32
	19:6
	

	9
	interRAT-Parameters
	50
	23:6
	2 UTRA FDD bands, 4 GERAN bands

	10
	<nonCriticalExt preambles>
	4
	30:0
	v920

	11
	phyLayerParameters-v920
interRAT-ParametersGERAN-v920 

interRAT-ParametersUTRA-v920

csg-ProximityIndicationParameters-r9

neighCellSI-AcquisitionParameters-r9 

son-Parameters-r9
	11
	30:4
	

	12
	<nonCriticalExt preambles>
	2
	31:7
	

	13
	<nonCriticalExt preambles>
	9
	32.1
	

	14
	phyLayerParameters-v1020
	14
	33:2
	

	15
	rf-Parameters-v1020
	357
	35:0
	10 band combinations, with for each combination a single bandwith and MIMO capability value (both UL and DL)

	16
	measParameters-v1020
	237
	79.5
	For each of the 10 band combinations, need for gaps for 4 E-UTRA bands as well as for 6 inter-RAT bands (2 UTRA FDD bands, 4 GERAN bands). Note that there is a 6b length for each list (sequence of variable length)

	17
	featureGroupIndicators-v1020
	32
	109:2
	

	18
	ue-BasedNetwPerfMeasParameters
	2
	113:2
	

	19
	<PDU padding>
	4
	113:4
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