3GPP TSG-RAN Meeting #42
RP-081056

Athens, Greece

2 – 5 December 2008

Agenda item:

9.1.3
Source:
Nokia Corporation, Nokia Siemens Networks, Qualcomm
Title:
UE capabilities for LTE features and feature inter-dependency analyses
Document for:

Discussion and Decision

1
Introduction
Feature inter-dependency analyses and grouping discussions for high, medium and low priority features took place in the RAN1 and RAN2 Prague meetings in November. RAN2 agreed an LS in R2-087417 [4] to RAN indicating that grouping proposed by operators prior to the Prague RAN2 meeting is feasible. An initial proposal for grouping and estimates for the number bits required for UE capability signaling of the LTE low, medium and high priority features was presented in R2-087403 [3]. We see that the proposal in R2-087403 would serve a good starting point for the grouping discussion and decision making in RAN#42.  In this contribution we discuss the grouping a bit further. Especially the features, which are not covered in the RAN2 LS [4] are discussed further in this contribution. Also RAN1 agreed an LS to RAN on its feature dependency analyses in R1-084687 [5]. The RAN1 LS mainly focuses on low and medium priority features. 

We see that it is important to progress the work in RAN#42 and agree the first set of UE capabilities for High, Medium and Low Priority Features in RAN#42. Naturally IOT possibilites and LTE deployment planes need to be carefully followed even after RAN#42. In order to ensure freezing of the RAN2 RRC ASN.1 specification in the March RAN plenary meeting it may be useful to define some additional “empty UE capabilities”that would allow some adjustments during the review phase.
In this contribution we propose initial grouping for UE capability signaling. In the Annex A and Annex B we provide  ASN.1 signalling example alternative for information and feature inter-dependency analyses for the features which are not covered by the RAN2 and RAN1 liaison statements respectively.
2
UE Capability signalling
In addition to the LTE High priority features listed in the RAN2 LS in [4] we see that it would be beneficial to provide UE capability signaling for some additional LTE features. 
We see that the initial grouping proposal in R2-087403 [3] provides a good starting point for UE capability signaling discussion.. The proposal contains groups for low, medium and high priority LTE features. In addition to the groups, which can be mapped to UE capability signaling in LTE, R2-087403 [3] also contains groups for inter-RAT mobility to EUTRAN. In the later cases the actual capability signaling is likely to be provided in the corresponding source RATs like GERAN and UTRAN. Thus, it would be good to consider the corresponding UE capability signaling in the corresponding specifications like GERAN and UTRAN specifications. Both GERAN2 and RAN2 UTRA have already either started the related UE capability signaling discussions or already agreed some UE capabilities for the inter-RAT mobility purposes. As these inter-RAT mobility groups to E-UTRAN are also important for LTE deployments they are listed in this contribution for the completeness although they are not taken into account in the actual UE capability bit estimations etc.
Proposal #1: Use groups in R2-087403 as a starting point for UE capability signaling
In the beginning of the deployments, the air interface capacity of the E-UTRAN network is not typically a limiting factor. In the LTE specifications also quite a number of options are defined for capacity optimisations although the original intention was to minise the number of options. Due to rather large number of options it is rather likely that capacity optimisation features will be deployed in phased introduction manner. At least the following High Priority L1 features could be included to L1 Capacity optimization group
Proposal #2: UE capability signaling for L1 Capacity Optimisation:
· Closed loop precoding modes (Transmission Modes 4 and 6)

· Associated DCI formats: 1B and 2

· Associated CQI modes: Periodic mode 1-1 and aperiodic modes 1-2 and 3-1

· PUSCH hopping for N_sb > 1
Also other L1 features could be included to this L1 capacity optimization group if seen beneficial.
Support of voice calls, and consequently, inter-RAT voice handovers are not considered as the features to be deployed in wide scale in all the first LTE deployments and implementations   In such LTE networks the active mode mobility from E-UTRAN to legacy inter-RATs like GERAN, UTRAN or HRPD is needed primarily for data services. 

On the other hand, the real-time data services (which typically utilize RLC UM) are not among the most urgent features: The RLC UM as such is considered to be one of the features not deployed in the first LTE networks [1]. Hence, mobility from E-UTRAN to legacy RATs may not be required to be initially a ‘real’ handover. A simpler, *blind* NACC-based mobility
 will probably be considered as a sufficient solution in many of the initial network deployments. 
Thus, we believe that it would be beneficial to consider UE capability signalling allowing phased introduction of inter-RAT active mode mobility and related measurement gaps and measurement reporting for handover purposes. This can be achieved for instance by defining UE capability indicating that the UE only support limited active mode inter-RAT mobility from E-UTRAN to legacy RATs like GERAN, UTRAN and HRPD in a similar manner as Limited active mode inter-RAT mobility from E-UTRAN to 1xRTT as proposed in [1 ] and as proposed in [6]. Alternatively, UE capabilities could be defined for UE supporting inter-RAT handovers from E-UTRAN including measurement gaps and measurement reporting for inter-RAT handover purposes.
Proposal #3: UE capability signalling for active mode mobility from E-UTRAN to GERAN
· This UE capability would inform whether the UE supports E-UTRAN to GERAN active mode mobility, related measurement gaps and measurement reporting
Idle mode and CCO with *blind* NACC-based mobility from E-UTRAN to GERAN is supported if the UE indicates GERAN and related IW support.
Proposal #4: UE capability signalling for active mode mobility from E-UTRAN to UTRAN

· This UE capability would inform whether the UE supports E-UTRAN to UTRAN active mode mobility, related measurement gaps and measurement reporting
Idle mode mobility from E-UTRAN to UTRAN is supported if the UE indicates UTRAN and related IW support

Proposal #5: UE capability signalling for active mode mobility from E-UTRAN to HRPD

· This UE capability would inform whether the UE supports E-UTRAN to HRPD active mode mobility, related measurement gaps and measurement reporting
In addition to the measurement related features considered under measurement enhancements and limited inter-RAT active mode mobility we also see that full support of measurement gaps and related active mode inter-frequency measure for handover purposes may not be available in the very initial LTE deployments especially at the time of the initial LTE deployments a second LTE frequency layer is not expected to be needed for capacity reasons. However, when LTE is more widely deployed and used by end-customers inter-frequency handovers and related inter-frequency measurement using measurement gaps become important part of LTE. In order to ensure correct and consistent UE support of inter-frequency handovers it is essential to perform sufficient testing including IOT before the support of the features so that early UE implementation do not hinder the wider deployment of the inter-frequency handovers later on.

Thus, we see that it is safer to consider inter-frequency handover group to this UE capability signalling for the TEL High Priority Features.
Proposal#6: UE capability signalling for inter-frequency active mode mobility
· This UE capability would inform whether the UE supports inter-frequency active mode mobility, related measurement gaps and measurement reporting
It is important to progress with the initial grouping agreement in the RAN plenary #42 in order to allow RAN2 to progress its work in completing its specifications. However, it is also recorgnised that not all LTE deployment plans are fully clear yet e.g. due to different deployment timelines. In order to allow further review of the groups once the LTE deployments progress further it might be desirable to reserve some ‘empty’ UE capabilities for 1) allowing further adjustments in the groups by defining UE capability signalling or 2) adding new UE capabilities for the features which are now considered being part of the basic features but the deployment of the features has got delayed or some basic features are not deployed at all. 
Proposal#7: Reserve some ‘empty’ UE capabilities for future UE capability adjustments and additions once all the LTE deployment plans are clear

3
Proposal
Based on the discussion in this contribution we propose the following UE capabilities
Proposal #1: Use groups in R2-087403  as a starting point for UE capability signalling
Proposal #2: UE capability signaling for L1 Capacity Optimisation
Proposal #3: UE capability signalling for active mode mobility from E-UTRAN to GERAN

Proposal #4: UE capability signalling for active mode mobility from E-UTRAN to UTRAN

Proposal #5: UE capability signalling for active mode mobility from E-UTRAN to HRPD

Proposal#6: UE capability signalling for inter-frequency active mode mobility
Proposal#7: Reserve some ‘empty’ UE capabilities for future UE capability adjustments and additions once all the LTE deployment plans are clear
In the next section we summarize the proposal for the initial grouping proposal
4
Summary of Initial Grouping proposal for UE capabilities

Below we present an initial grouping proposal based on groups presented in R2-087403 and discussion in this document. We hope that this initial grouping proposal could be used as basis for the RAN#42 discussions and decisions on the UE capability signalling.
Group 1: Low priority L1 features

· Intra-TTI frequency hopping for PUSCH scheduled by UL grant
· Extended cyclic prefix with f = 7.5kHz for DL resource block
· Guard period for half-duplex operation (only applicable to FDD)
· DCI format 3a (TPC commands for PUCCH and PUSCH with single bit power adjustments)
· Multi-user MIMO for PDSCH
· Single-antenna port using port 5 for PDSCH (low priority only for FDD; high priority for TDD)
· Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-0 – UE selected subband CQI without PMI
· Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-2 – UE selected subband CQI with multiple PMI
· PUSCH hopping type 1

Group 2: Medium priority L1 features

· Simultaneous CQI and ACK/NACK on PUCCH, i.e. PUCCH format 2a and 2b
· Absolute TPC command for PUSCH
· Resource allocation type 1 for PDSCH
· Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-0 – UE selected subband CQI without PMI
· Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-1 – UE selected subband CQI with single PMI

Group 3: Voice optimizations

· Semi-persistent scheduling

· TTI bundling

· 5bit RLC UM SN

· 7bit PDCP SN
Group 4: Short DRX

· Short DRX cycle

Group 5: Long DRX

· Long DRX cycle

· DRX command MAC control element

Group 6: PBR

· Prioritized bit rate

Group 7: RLC UM

· RLC UM (only if the UE does not support voice)

Group 8: Low priority UTRA to E-UTRA state transitions (NOTE: to be considered in the UTRA specifications)
· UTRA URA_PCH to E-UTRA RRC_IDLE cell reselection

Group 9: Low priority GERAN to E-UTRA state transitions (NOTE: to be considered in the GERAN specifications)
· GERAN GSM_Connected to E-UTRA RRC_CONNECTED state transition

· GERAN Packet transfer mode to E-UTRA RRC_CONNECTED state transition

Group 10: Medium priority E-UTRA to GSM state transitions

· E-UTRA RRC_CONNECTED to GERAN GSM_Idle / GPRS Packet_Idle by RRC Release with redirection

Group 11: High priority UTRA to E-UTRA state transitions (NOTE: to be considered in the UTRA specifications)
· UTRA CELL_PCH to E-UTRA RRC_IDLE cell reselection

· UTRA CELL_DCH to E-UTRA RRC_CONNECTED PS handover
· UTRA CELL_DCH to E-UTRA RRC_IDLE by RRC Release with redirection

Group 12: High priority E-UTRA to UTRA state transitions

· E-UTRA RRC_CONNECTED to UTRA CELL_DCH PS handover

· E-UTRA RRC_CONNECTED to UTRA Idle by RRC Release with redirection
· Measurement gaps for E-UTRAN to UTRAN handovers

Group 13: High priority E-UTRA to GERAN state transitions

· E-UTRA RRC_CONNECTED to GERAN GSM_Connected handover

· E-UTRA RRC_CONNECTED to GERAN GPRS Packet transfer mode handover
· Measurement gaps for GERAN handover measurements
Group 14: High priority E-UTRA to GERAN state transitions
· E-UTRA RRC_CONNECTED to GERAN GSM_Idle 
· GPRS Packet_Idle by cell change order with NACC
Group 15: High priority E-UTRA to 1xRTT state transitions

· E-UTRA RRC_CONNECTED to 1xRTT CS Active handover

Group 16: High priority E-UTRA to HRPD state transitions

· E-UTRA RRC_CONNECTED to HRPD Active handover

· E-UTRA RRC_CONNECTED to HRPD Idle state transition

Group 17: Inter-frequency handover

· Inter-frequency handoverMeasurement gaps inter-frequency handover measurements

Group 18: Intra-frequency measurement reporting events

· Intra-frequency measurement reporting event: Event A4 – Neighbour > threshold

· Intra-frequency measurement reporting event: Event A5 – Serving < threshold1 & Neighbour > threshold2
Group 19: Inter-frequency measurement reporting events

· Inter-frequency measurement reporting event: Event A4 – Neighbour > threshold

· Inter-frequency measurement reporting event: Event A5 – Serving < threshold1 & Neighbour > threshold2
Group 20: Inter-RAT measurement reporting events

· Inter-RAT measurement reporting event: Event B1 – Neighbour > threshold
Group 21: Measurement object: cdma2000

· Measurement object: cdma2000 (low priority only for TDD; high priority for FDD)
Group 22: Periodical measurement reporting for non-ANR

· Periodical measurement reporting for non-ANR related measurements
Group 23: ANR

· Periodical measurement reporting for SON / ANR

· ANR related intra-frequency measurement reporting events

· ANR related inter-frequency measurement reporting events

· ANR related inter-RAT measurement reporting events
Group 24: RB combinations

· SRB1 and SRB2 for DCCH + 1x AM DRB + 1x UM DRB (only if the UE does not support voice)

· SRB1 and SRB2 for DCCH + 2x AM DRB + 1x UM DRB

· SRB1 and SRB2 for DCCH + 2x AM DRB + 2x UM DRB

· SRB1 and SRB2 for DCCH + 3x AM DRB + 1x UM DRB

· SRB1 and SRB2 for DCCH + 3x AM DRB + 2x UM DRB

· SRB1 and SRB2 for DCCH + 4x AM DRB + 1x UM DRB

· SRB1 and SRB2 for DCCH + 4x AM DRB + 2x UM DRB

· SRB1 and SRB2 for DCCH + 8x AM DRB
Group 25: L1 Capacity Optimisation

· Closed loop precoding modes (Transmission Modes 4 and 6)

· Associated DCI formats: 1B and 2

· Associated CQI modes: Periodic mode 1-1 and aperiodic modes 1-2 and 3-1

· PUSCH hopping for N_sb > 1
Group 26: Empty Group Reserved for later use

Group 27: Empty Group Reserved for later use

Group 28: Empty Group Reserved for later use
Group 29: Empty Group Reserved for later use

Group 30: Empty Group Reserved for later use

Group 31: Empty Group Reserved for later use

Group 32 Empty Group Reserved for later use
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Annex A:
RRC ASN.1 aspects for UE capability signalling
This annex gives an overview of the impacts in signalling and specifically in ASN.1 (of TS 36.331) due to the introduction of the groups in UE capabilities.

Two alternative ASN.1 constructs have been presented. Naturally, this topic is in scope of RAN2 (and hence don’t need to be discussed in RAN plenary). However, the possible alternatives are presented to allow off-line discussions on the topic among interested companies before the January RAN2 meeting. This would allow faster decision-making, which is needed in order to freeze the whole ASN.1 in due time. Also the required changes in the UE capabilities specification (TS 36.306) are somewhat dependent on the selected ASN.1 construct.

A.1
Number of new capabilities

In this document, 32 groups have been proposed, which means that possibly 32 bits with the overhead (depending on selected ASN.1 construct) are signalled in the in the UE-EUTRA-Capability IE.

However, these additional bits are not critical: In most cases, the UE capabilities are stored in the network (in MME), and do not need to be transferred to eNB over the air interface when the UE enters RRC_CONNECTED. And when there is need to transfer, e.g., when the UE is switched on, the UE capabilities are sent over air interface in UECapabilityInformation message after SRB1 has been set up (SRB1 has relatively high capacity, typically). 

Because the ASN.1 constructs are SEQUNCEs, the number of additional bits depends directly on the number of new capabilities (the number of groups). Therefore, it is not necessary (or optimal) to restrict the number of the capabilities, e.g., to power-of-two (even though in the number of groups in this document is 32). 

Hence, if the grouping cannot be finalized before the freezing of ASN.1, empty groups can be reserved for future use, as proposed in this document (and several more can be added, if seen necessary). 

A.2
Alternatives in ASN.1

There are basically two alternatives in introducing the groups into UE capabilities:

Alternative#1: The groups are introduced as separate capabilities, so that each capability is under the most logical sub-IE. In some cases, new sub-IEs are introduced for groups. 

Alternative#2: All the groups are included in one single construct.

Examples of both alternatives are illustrated in the end of this Annex. Note that the examples contain only some of the groups presented in the discussion part of this document.

The main benefit of Alternative #1 is that it is more logical. Because ASN.1 in E-UTRA is to great extent self-documenting (unlike in UTRA), a logical construct is more preferable from specification readability point of view.

Alternative#1 also makes it easier to continue the use of these capabilities also in future releases, if needed. However, the not-yet-foreseen additions (the empty groups) have to be introduced separately, which makes the construct less logical. 

Alternative#2 has the advantage of lower signalling overhead, because all groups are in one SEQUENCE. 

In Alternative#2 it is possible to drop out all the new capabilities later in Rel-8, if the groups are no longer needed (for the UEs supporting all the features). If this can be done, the overhead of these new capabilities would be only one bit; the one indicating the non-existence of the AdditionalParameters. On the other hand, number of bits in the UECapabilityInformation is not critical, as mentioned in section A.1 above.

It is assumed that no additional extensions mechanisms are needed for the groups, except for the “empty groups reserved for the future use”, which are denoted as additional groups (addGroup) in the examples.

Of course, it is possible also to have combinations of these alternatives, e.g., a single new construct as in Alternative#2, but divided into smaller sub-IEs. 

Alternative#1:

UE-EUTRA-Capability ::=



SEQUENCE {


accessStratumRelease



AccessStratumRelease,


ue-Category






INTEGER (1..16),





-- value range FFS

pdcp-Parameters





PDCP-Parameters,

mac-RLC-Parameters




MAC-RLC-Parameters






OPTIONAL,


phyLayerParameters




PhyLayerParameters,


rf-Parameters





RF-Parameters,


measurementParameters



MeasurementParameters,

additionalParameters



AdditionalParameters





OPTIONAL,


interRAT-Parameters




SEQUENCE {
(… text removed …)
PhyLayerParameters ::=



SEQUENCE {


ue-TxAntennaSelectionSupported

BOOLEAN,


ue-SpecificRefSigsSupported


BOOLEAN,

    lowPriorityOptimSupported


BOOLEAN,


mediumPriorityOptimSupported

BOOLEAN
}

MAC-RLC-Parameters ::=



SEQUENCE {


shortDRXSupported




BOOLEAN,


longDRXSupported




BOOLEAN,


pbr-Supported





BOOLEAN,


rlc-UM-Supported




BOOLEAN


}

AdditionalParameters ::=


SEQUENCE {


addGroup7






BOOLEAN,

-- may be renamed when taken into use


addGroup6






BOOLEAN, 

    addGroup5






BOOLEAN,

    addGroup4






BOOLEAN,

    addGroup3






BOOLEAN,


addGroup2






BOOLEAN,


addGroup1






BOOLEAN


}

(… text removed …)
Alternative#2: 

-- ASN1START

UE-EUTRA-Capability ::=



SEQUENCE {


accessStratumRelease



AccessStratumRelease,


ue-Category






INTEGER (1..16),





-- value range FFS

pdcp-Parameters





PDCP-Parameters,


phyLayerParameters




PhyLayerParameters,


rf-Parameters





RF-Parameters,


measurementParameters



MeasurementParameters,

additionalParameters



AdditionalParameters,

(… text removed …)
AdditionalParameters ::=


SEQUENCE {

    lowPriorityOptimSupported


BOOLEAN,


mediumPriorityOptimSupported

BOOLEAN,


shortDRXSupported




BOOLEAN,


longDRXSupported




BOOLEAN,


pbr-Supported





BOOLEAN,


rlc-UM-Supported




BOOLEAN,

(… text removed …)

addGroup7






BOOLEAN,

-- may be renamed when taken into use


addGroup6






BOOLEAN, 

    addGroup5






BOOLEAN,

    addGroup4






BOOLEAN,

    addGroup3






BOOLEAN,


addGroup2






BOOLEAN,


addGroup1






BOOLEAN


}

Annex B: Feature inter-dependency analyses
Based on our initial analyses we have not identified any strict dependencies between groups proposed in Section X although there naturally are dependencies between LTE features as also indicated in the RAN2 LS in [4]. However, it was also indicated by RAN2 that the dependencies RAN2 had indentified between the groups in the initial grouping proposal in [1] would not hinder the proposed grouping and UE capability signaling. 

As always with UE capabilities it is important that UE supports all essential UE capabilities needed for a given larger functionality.  

For instance in the RAN2 LS [4] it was noted that there is dependency between UE power saving group and UE measurement enhancement groups and particularly  between long DRX and UE support for SON ANR. However, as also indicated in the LS it is possible to define separate UE capability signalling for these features as it is possible to support long DRX without UE supporting NW SON ANR functionality. It is just important that once the UE indicates that it is able to provide support for NW SON ANR functionality the UE should also be supporting long DRX cycle. One possibility to avoid any confusion in the indication of UE support in this case would be to allow UE support for NW SON ANR functionality only once the long DRX cycle is supported by the UE. 
� Note that there are two possible mechanisms to perform active mode mobility from E-UTRAN to GERAN, namely the regular (‘real’) handover procedure and the CCO with NACC procedure. As per [7, Sec 10.2.2a], “inter-RAT CCO with NACC is supported even if no prior UE measurements have been performed on the system i.e. *blind NACC* is supported”. Therefore there could be two possible ways to operate the CCO with NACC procedure: with or without support for inter-RAT UE measurements in active mode (including related measurement gaps and measurement reporting). From a UE capability point of view what mostly matters is whether the UE supports inter-RAT measurements in active mode (with related measurement gaps and measurement reporting). The use of CCO with NACC vs regular handover is more a matter of network capability (CCO with NACC will be used in case of GERAN networks that do not support the regular PS handover).








