3GPP TSG-RAN WG1 #63bis
R1-110145
Dublin, Ireland, January 17th – January 19th, 2011
Source:              MediaTek Inc.

Title:                   Discussion on Rel-10 LTE Feature List and UE Capability from RAN1 Perspective
Agenda Item:     6.2.7
Document for:   Discussion and decision



1. Introduction
This paper provides an analysis of Rel-10 features and UE capability from RAN1 perspective.  The analysis is based on the agreements up to now in RAN1.  In Rel-10 LTE, four new features, from our views, are identified to have impact on both RAN1’s specification and UE capability.  According to the required modifications on RAN1 specification for new features, each of them is divided into several new subfeatures and UE optionality for each subfeature is analyzed and proposed for further discussion.  This effort is necessary and very useful for future Rel-10 UE capability discussion and UE testing.  Therefore, it is suggested to initiate the discussion of UE optionality in RAN1 and send LS to other WGs to conclude RAN1’s conseus after agreements.  The linking from Rel-10 features to Rel-9 features is not provided in this paper yet and is suggested to be further discussed in March meeting.
In section 2, an overview on Rel-10 LTE features is provided first and subfeatures under each feature are identified according to RAN1’s agreements.  Then, UE optionality and feature linking are analyzed and provided for each subfeature based on our views.  Finally, a proposal is concluded in section 3.


2. Discussion on Rel-10 LTE Features and UE Capability
This section provides our views on Rel-10 LTE feature and UE capability from RAN1 perspective.  In the first subsection, an overview on Rel-10 LTE features is provided and features which have impact on both RAN1 specification and UE capability are identified for further discussion in the following subsections.  Subfeatures are then listed under each identified feature based on RAN1’s agreements and UE optionality is analyzed for each subfeature in the remaining subsections.
2.1 Overview on Rel-10 LTE Features

This sub-section tries to identify a list of LTE-A features which may be considered by 3GPP Rel-10 specifications.  In order to develop the initial list, the investigation is done from two directions: 1) review all the Rel-10 LTE WIs identified in [1] and 2) review the CR database (ftp://ftp.3gpp.org/Information/Databases/Change_Request/) to identify the agreed TEI-10 CRs which may contain new features. 
In [1], the following LTE Rel-10 WIs are identified and may be able to become the very initial list for developing LTE Rel-10 feature list.

----------------------------------------------------------------------------------------------------------------

10
LTE Features
10.1
Network-Based Positioning Support for LTE  UID_430011
10.2
Carrier Aggregation for LTE  UID_460007 
10.3
Enhanced Downlink Multiple Antenna Transmission for LTE  UID_460008 
10.4
Uplink Multiple Antenna Transmission for LTE  UID_460009 
10.5
Fixed Wireless Customer-Premises Equipment (CPE) RF Requirements  UID_460010 
10.6
Latency reductions for LTE  UID_460012 (on hold) 
10.7
Relays for LTE  UID_460013 
10.8
Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE  UID_470007 
10.9
LTE TDD in 2600MHz for US  UID_470008 
10.10
Adding 2 GHz band LTE for ATC of MSS in North America  UID_470009 
10.11
Adding L-Band LTE for ATC of MSS in North America  UID_470010 
10.12
LTE Self Optimizing Networks (SON) enhancements  UID_470011 
10.13
LTE-Advanced Carrier Aggregation of Band 3 and Band 7  UID_480023  (on hold) 
10.14
Service continuity in connected mode and location information for MBMS for LTE  UID_480026 (on hold) 
10.15
Further enhancements to MBMS for LTE  UID_480027 
11
UTRA, LTE Features 
11.1
UMTS/LTE 3500 MHz  UID_380173 
11.2
Minimization of Drive Tests for E-UTRAN and UTRAN  UID_460003 
11.3
HNB and HeNB Mobility Enhancements  UID_470005 
11.4
Expanded 1900 MHz Band for UTRA and LTE  UID_480024 
12
UTRA, LTE, GERAN Features 
12.1
Multi-standard radio BS RF requirements for non-contiguous spectrum deployments
In addition, the following are all the TEI-10 CRs agreed by RAN Plenary. Some of these CRs may also add the features for Rel-10.
Table 1－Additional possible Rel-10 LTE new features from TEI-10 CRs

	Meeting-1st-Level
	Doc-1st-Level
	Status-1st-Level
	Spec
	CR
	Phase
	Subject
	Cat
	Date
	WG-Responsible
	Doc-2nd-Level
	Workitem
	created
	Source-2nd-Level

	RP-50
	RP-101214
	approved
	36.331
	0490
	Rel-10
	Priority indication for CSFB with re-direction
	B
	10/12/2010
	R2
	R2-106906
	TEI10, LTE-L23, eMPS
	05/12/2010
	ZTE

	RP-50
	RP-101214
	approved
	36.331
	0513
	Rel-10
	Combined Quantity Report for IRAT measurement of UTRAN
	C
	10/12/2010
	R2
	R2-106912
	TEI10, LTE-L23
	05/12/2010
	Huawei, HiSilicon, Deutsche Telekom, Ericsson, ST-Ericsson, TeliaSonera, Nokia Siemens Networks, ZTE

	RP-50
	RP-101215
	approved
	36.331
	0487
	Rel-10
	CR to 36.331 adding e1xCSFB support for dual Rx/Tx UE
	B
	10/12/2010
	R2
	R2-106146
	TEI10, LTE-L23
	05/12/2010
	Motorola, Hitachi, KDDI, NEC, QUALCOMM Incorporated


After collecting all possible Rel-10 new features, features which have RAN1 specification impact are identified as follows.

1) Network-Based Positioning Support for LTE
2) Carrier Aggregation for LTE
3) Enhanced Downlink Multiple Antenna Transmission for LTE
4) Uplink Multiple Antenna Transmission for LTE
5) Relays for LTE
6) Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE
However, not all of the identified features seem able to be completed in time before the end of Rel-10 standardization time frame, such as network-based positioning support for LTE.  In addition, some of the identified features have no impact on UE capbability, such as relays for LTE.  Therefore, only four Rel-10 LTE new features, which are listed as follows, are identified for further discussion of UE optionality in the following subsections.
1. Carrier Aggregation for LTE
2. Enhanced Downlink Multiple Antenna Transmission for LTE
3. Uplink Multiple Antenna Transmission for LTE
4. Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE
2.2 Carrier Aggregation for LTE
The feature of carrier aggregation, based on our understanding, is optional in Rel-10 LTE.  It means that not all of Rel-10 UEs are required to support this feature.  According to RAN1 Chairman’s notes [2]-[9] and RAN plenary CRs [10], we identified seven possible 1st-level subfeature which includes new RAN1 specification modifications to support carrier aggregation in Rel-10.
Downlink Scheduling:

In Rel-10 LTE, carrier aggregation supports two kinds of downlink scheduling schemes, which are listed as 2nd-level subfeatures – 
1) Cross-carrier scheduling

2) Non cross-carrier scheduling.

Both of these two 2nd-level subfeatures require UE’s support to obtain downlink grant information from single or multiple specific cells.  According to our understanding about RAN1’s agreements, cross-carrier scheduling is optional to UE capability while non cross-carrier scheduling is mandatory when carrier aggregation is enabled
Uplink HARQ Feedback:
For this 1st-level subfeature, it can be divided into two cases to consider – FDD and TDD systems.  In Rel-10 LTE for FDD, carrier aggregation supports two modes of uplink HARQ feedback.
1) Support of up to 4 A/N feedback bits (support of PUCCH format 1b with channel selection in carrier aggregation)
2) Support of up to 11 A/N feedback bits (support of PUCCH format 3 in carrier aggregation)

Since it was agreed in RAN2 that up to 2 cells are supported in Rel-10 carrier aggregation, support of up to 4 A/N feedback bits should be mandatory to UE capability while support of up to 11 A/N feedback bits is optional when carrier aggregation is enabled.
In Rel-10 LTE TDD, carrier aggregation supports three modes of uplink HARQ feedback.

1) Support of up to 4 A/N feedback bits with A/N bundling (support of PUCCH format 1b with channel selection enabling A/N bundling in carrier aggregation)
2) Support of up to 4 A/N feedback bits with A/N multiplexing (support of PUCCH format 1b with channel selection in carrier aggregation)
3) Support of up to 20 A/N feedback bits with A/N multiplexing (support of PUCCH format 3 and dual RM encoder in carrier aggregation)
Since the application scenario of the first item is for power-limited UEs to support 2 cells in carrier aggregation, which is a corner case and not a necessary feature for all UEs, it is suggested to have “support of up to 4 A/N feedback bits with A/N bundling” as optional and the other two as mandatory so as to reduce UE complexity.
Uplink Periodic/Aperiodic CSI Feedback:
In Rel-10 LTE, carrier aggregation supports two schemes for uplink periodic/aperiodic CSI feedback, which relate to where to feedback CSI information when there are multiple cells in uplink.
1) Periodic/Aperiodic CSI feedback when there is PUSCH(s) only
2) Periodic/Aperiodic CSI feedback when there are both PUCCH and PUSCH(s)
These two 2nd-level subfeatures relates to another new feature in carrier aggregation – simultaneous transmission of PUCCH and PUSCH.  Since the second item is enabled only when simultaneous transmission of PUCCH and PUSCH, which is an optional feature,  is enabled, periodic/aperiodic CSI feedback when there are both PUCCH and PUSCH(s) is optional as well.  As for the first item, it should be supported when carrier aggregation is enabled so it is a mandatory feature.
Simultaneous Transmission of PUCCH and PUSCH:
In Rel-10 LTE, carrier aggregation supports simultaneous transmission of PUCCH and PUSCH, which consists of two cases.
1) Simultaneous transmission of PUCCH and PUSCH over the same uplink cell

2) Simultaneous transmission of PUCCH and PUSCH(s) over different uplink cells
However, these two cases are not differentiated in RAN1 specification so there is no need to further divide it into two 2nd-level subfeatures.  As agreed in previous RAN1 meetings, this feature is optional.
Non-contiguous PUSCH:
In Rel-10 LTE, carrier aggregation supports non-contiguous PUSCH, which enables up to two-cluster PUSCH transmission on the same uplink cell.  Since this feature is to enhance the performance of uplink, it is suggested to have it optional so as to reduce UE complexity.
PHR Reporting for Simultaneous Transmission of PUCCH and PUSCH:
This feature also relates to simultaneous transmission of PUCCH and PUSCH so this feature is optional as well and can be grouped together with the feature of simultaneous transmission of PUCCH and PUSCH.
Table-2 shows the proposed UE optionality and feature linking for carrier aggregation based on previous analysis and discussion.
The following are our proposals for the feature of carrier aggregation.

Proposal #1:  Adopt the proposed UE optionalities and feature linking from index #1 to #15 in Table 2.

Table 2－Rel-10 LTE  RAN1 feature list for Carrier Aggregation
	Index
	Rel-10 New Feature
	1st-level Sub-feature
	2nd-level Subfeature
	Description
	UE Capability
	Feature Linking

	1
	Carrier Aggregation
	
	
	
	Optional
	

	2
	
	Downlink Scheduling
	Cross-carrier scheduling
	
	Optional
	CA -1

	3
	
	
	Non cross-carrier scheduling
	
	Mandatory
	

	4
	
	Uplink HARQ Feedback
	Support of up to 4 A/N feedback bits in FDD
	
	Mandatory
	

	5
	
	
	Support of up to 11 A/N feedback bits in FDD
	
	Optional
	CA-2 for FDD

	6
	
	
	Support of up to 4 A/N feedback bits with A/N bundling in TDD
	
	Optional
	CA-2 for TDD

	7
	
	
	Support of up to 4 A/N feedback bits with A/N multiplexing in TDD
	
	Mandatory
	

	8
	
	
	Support of up to 20 A/N feedback bits with A/N multiplexing in TDD
	
	Mandatory
	

	9
	
	Uplink Periodic CSI Feedback
	Periodic CSI feedback when there is PUSCH(s) only
	
	Mandatory
	

	10
	
	
	Periodic CSI feedback when there are both PUCCH and PUSCH(s)
	
	Optional
	CA-3

	11
	
	Uplink Aperiodic CSI Feedback
	Aperiodic CSI feedback when there is PUSCH(s) only
	
	Mandatory
	

	12
	
	
	Aperiodic CSI feedback when there are both PUCCH and PUSCH(s)
	
	Optional
	CA-3

	13
	
	Simultaneous Transmission of PUCCH and PUSCH
	
	
	Optional
	CA-3

	14
	
	Non-contiguous PUSCH
	Support of 2 Clusters
	
	Optional
	CA-4

	15
	
	PHR Reporting for Simultaneous Transmission of PUCCH and PUSCH
	
	
	Optional
	CA-3


2.3 Enhanced Downlink Multiple Antenna Transmission for LTE
In Rel-9, downlink multiple antenna transmission is already well supported, and, moreover, Rel-10 UE should backward compatibly support Rel-9 features. Therefore, the feature of enhanced downlink multiple antenna transmission, based on our understanding, is optional for Rel-10. According to RAN1 Chairman’s notes [2]-[9] and RAN plenary CRs [10], we identified seven possible 1st-level subfeature which includes new RAN1 specification modifications to support enhanced downlink multiple antenna transmission in Rel-10.
8-TX Multi-Antenna Transmission

Besides the 2-TX and 4-TX transmissions, LTE-A supports 8-TX transmission. So, Rel-10 can support up to rank-8 spatial multiplexing, in order to significantly boost data rate. However, it seems that 2-TX and 4-TX cases still would be the main stream in Rel-10. So, this feature is suggested to be optional for the eNB and UE with higher capability.

Enhanced UE Feedback Mechanisms
Since dual codebooks are supported for 8-TX multi-antenna transmission, several Rel-9 feedback modes are enhanced to accomendate two PMI feedbacks.  The enhanced feedback modes are summarized in the following:

1) PUCCH CQI feedback mode 1-1 CSI mode 1
2) PUCCH CQI feedback mode 1-1 CSI mode 2
3) PUCCH CQI feedback mode 2-1

However, these enhanced feedback modes are closely related to the 8-TX multi-antenna transmission, which is suggested to be optional before. Moreover, they are unnecessary for the 2-TX and 4-TX cases, for which the Rel-9 feedback modes can be directly re-used. As a result, the three enhanced feedback modes are all suggested to be optional.
Enhanced PDCCH Control Signaling
It is expected that in the future the transmission will be centered around UE-specific reference signal (RS), because it is much more flexible than CRS, especially for HetNet, CoMP, and distributed resource allocation. A new transmission mode (i.e., TM9), which is based on UE-specific reference signals, is defined to support up to rank-8 spatial multiplexing. Although, antenna ports 7 and 8 are already UE-specific in Rel-9, they only can support up to rank-2 spatial multiplexing. It seems insufficient to further improve data rate in Rel-10. So, this feature is suggested to be mandatory.
Demodulation Reference Signals (DM-RS)

This feature is tied with the new transmission mode (i.e., TM9), which is suggested to be mandatory. So, this feature is suggested to be mandatory as well. 

Channel State Information Reference Signals (CSI-RS)

DM-RS is in general precoded, and so a UE cannot use it to estimate the real channels between it and eNB. So, if DM-RS is utilized, CSI-RS is necessary to facilitate UE to do CSI feedback. Since DM-RS is expected to be mandatory, this feature should also be mandatory.

The following are our proposals for the feature of enhanced downlink multiple antenna transmission.

Proposal #2:  Adopt the proposed UE optionalities and feature linking from index #1 to #8 in Table 3.
Table 3－Rel-10 LTE  RAN1 feature list for Enhanced Downlink Multiple Antenna Transmission
	Index
	Rel-10 New Feature
	1st-level Sub-feature
	2nd-level Subfeature
	Description
	UE Capability
	Feature Linking

	1
	Enhanced Downlink MIMO
	
	
	
	Optional
	

	2
	
	8TX multi-antenna transmission
	
	Support up to rank-8 spatial multiplexing
	Optional
	eDL-MIMO-1

	3
	
	Enhanced UE feedback mechanisms
	PUCCH CQI feedback mode 1-1 CSI mode 1
	
	Optional
	eDL-MIMO-1

	4
	
	
	PUCCH CQI feedback mode 1-1 CSI mode 2
	
	Optional
	eDL-MIMO-1

	5
	
	
	PUCCH CQI feedback mode 2-1
	
	Optional
	eDL-MIMO-1

	6
	
	Enhanced PDCCH control signaling
	DCI format 2C
	
	Mandatory
	

	7
	
	Demodulation reference signals (DM-RS)
	
	
	Mandatory
	

	8
	
	Channel state information reference signals (CSI-RS)
	CSI-RS configuration
	
	Mandatory
	


2.4 Uplink Multiple Antenna Transmission for LTE
Uplink multiple antenna transmission is a new feature for Rel-10. To our understanding, for backward compatibility a Rel-10 UE should also support single antenna transmission, which is already defined in Rel-9, Therefore, this feature is optional. Below are seven possible 1st-level subfeature which includes new RAN1 specification modifications to support uplink multiple antenna transmission in Rel-10.

2TX and 4TX Multi-Antenna Transmissions
Multi-antenna transmission is introduced to further improve uplink data rate in Rel-10. However, to our understanding, this feature should depend on UE capability. It is not necessary for all UEs to support this feature. So, this feature is suggested to be optional.  
Enhanced PDCCH Control Signaling
In Rel-9, there is no DCI format which supports uplink MIMO.  So, a new DCI format (i.e., format 4) is defined for supporting uplink MIMO. Since it is expected that uplink MIMO would be optional, this new DCI format should also be optional.
UCI multiplexing under uplink MIMO
Since uplink MIMO might be supported in Rel-10, it implies multiple layers can be selected for UCI multiplexing with PUSCH. This way it provides diversity gain for UCI detection, so as to further improve better performance. This feature is also related to uplink multi-antenna transmission, and so is suggested to be optional.
Downlink HARQ Feedback Under Uplink MIMO

If multi-antenna transmission is supported, it is an issue on how to select MIMO parameters for the re-transmitted transport blocks. The issue addresses the following tasks:

· PMI selection

· DM-RS port selection

· PHICH resource determination

· TB-to-CW mapping rule

Since this feature is enabled only when uplink MIMO is enabled, it is suggested to be optional.
Enhanced Demodulation Reference Signals (DM-RS)

This feature aims to further increase the DM-RS resources to support uplink MIMO. Since this feature is bundled with 2TX and 4TX multi-antennna transmissions, it is suggested to be optional.
Sounding Reference Signals (SRS)
In Rel-10, sounding reference signals are seaprate into two categories:

1) Type-0 SRS: RRC configured periodic SRS
2) Type-1 SRS: RRC configured and PDCCH triggered aperiodic SRS
Type-0 SRS is exactly the same as the Rel-9 SRS, except that multi-antenna sounding might be supported. So, Rel-10 naturally should support it. On the other hand, type-1 SRS is tied to multi-antenna transmissions. Not all UEs should support it. So, type-1 SRS is suggested to be optional.
Transmit Diversity for PUCCH

Transmit diversity can improve PUCCH detection performance. However, it seems that the performance of the Rel-9 PUCCH design is acceptable. So, this feature is suggested to be optional.

The following are our proposals for the feature of uplink multiple antenna transmission.

Proposal #3:  Adopt the proposed UE optionalities and feature linking from index #1 to #9 in Table 4.
Table 4－Rel-10 LTE  RAN1 feature list for Uplink Multiple Antenna Transmission

	Index
	Rel-10 New Feature
	1st-level Sub-feature
	2nd-level Subfeature
	Description
	UE Capability
	Feature Linking

	1
	Uplink MIMO
	
	
	
	Optional
	

	2
	
	2TX and 4TX multi-antenna transmissions
	
	Support up to rank-2 spatial multiplexing for the 2TX case, and support up to rank-4 spatial multiplexing for the 4TX case
	Optional 
	UL-MIMO-1

	3
	
	Enhanced PDCCH control signaling
	DCI format 4
	
	Optional
	UL-MIMO-1

	4
	
	UCI multiplexing under uplink MIMO
	
	
	Optional
	UL-MIMO-1

	5
	
	Downlink HARQ feedback under uplink MIMO
	
	Resource allocation for PHICH triggered re-transmission 
	Optional
	UL-MIMO-1

	6
	
	Enhanced demodulation reference signals (DM-RS)
	
	Enhanced Rel-8 uplink DM-RS
	Optional
	UL-MIMO-1

	7
	
	Sounding reference signals (SRS)
	Type 0 SRS 
	
	Mandatory
	

	8
	
	
	Type 1 SRS 
	
	Optional
	UL-MIMO-1

	9
	
	Transmit diversity for PUCCH
	
	
	Optional
	UL-MIMO-2


2.5 Enhanced ICIC for Non-CA Based Deployments of Heterogeneous Networks for LTE
Enhanced ICIC for non-CA based deployments of heterogeneous networks for LTE is a new feature in Rel-10. Our understanding is that the support of this feature is optional. There contains only one 1st level subfeature, i.e. RLM/RRM/CSI resource specific measurements. This subfeature enables an UE to perform measurements in those resources which more precisely reflect the radio environment in which the UE resides. Once the eICIC feature is enabled, the support of the 1st level subfeature is mandatory.
The following is our proposal for the feature of enhanced ICIC for non-CA based deployments of heterogeneous networks for Rel-10 LTE.
Proposal #4:  Adopt the proposed UE optionalities and feature linking from index #1 to #2 in Table 5.
Table 5－Rel-10 LTE  RAN1 feature list for eICIC
	Index
	Rel-10 New Feature
	1st-level Sub-feature
	2nd-level Subfeature
	Description
	UE Capability
	Feature Linking

	1
	eICIC for Non-CA Based Deployment in Heterogeneous Networks
	
	
	
	Optional
	

	2
	
	RLM/RRM/CSI resource specific measurements for eICIC
	
	
	Mandatory
	




3. Conclusion
This paper provides an analysis and list of Rel-10 features and UE capability from RAN1 perspective.  In Rel-10 LTE, four new features, from our views, are identified to have impact on both RAN1’s specification and UE capability.  According to the required modifications on RAN1 specification for new features, each of them is divided into several new subfeatures and UE optionality for each subfeature is analyzed and proposed for further discussion.  The proposed feature list and UE optionalities may not be complete but the provided tables can be utilized as the initial draft for further discussion in RAN1.  The linking from Rel-10 features to Rel-9 features is not provided in this paper yet and is suggested to be further discussed in March meeting.  Proposals of this paper are summarized as follows.
Proposal #1:  Adopt the proposed UE optionalities and feature linking from index #1 to #15 in Table 2.
Proposal #2:  Adopt the proposed UE optionalities and feature linking from index #1 to #8 in Table 3.
Proposal #3:  Adopt the proposed UE optionalities and feature linking from index #1 to #9 in Table 4.

Proposal #4:  Adopt the proposed UE optionalities and feature linking from index #1 to #2 in Table 5.
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