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1. Introduction

RAN1 at the  RAN1#58 meeting agreed to the following Conclusion regarding the support of a “Single Antenna Port Mode” in LTE-Advanced as the default uplink operation mode [1,2]:

Conclusion:

· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.

· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective

· Exact UE implementation is left to UE vendors (e.g., PA architecture)

· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission

· Detail scenarios and operation FFS 

· UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration

In this contribution, we analyze RAN1 conclusions, WFs and discussions to date, and we list open issues which need to be discussed in RAN1,  and recommendations for resolution of these open issues.

2. Agreed WFs, Conclusion, and Open Issues

2.1. PUSCH

Agreed WF

· Single Antenna Port Mode was agreed as a default operation mode in RAN1 #58[2]. 

NOTES : 

In our understanding, Single Antenna Port Mode may include the following three ideas in a broad sense. 

· SIMO (Signal wave form is the same as release 8 and used DCI format may be format 0 or the same size as DCI format 0), which is Single Antenna Port Mode in a narrow sense

· Closed loop precoding (Transparent TxD) (Signal wave form is the same as release 8 and used DCI format may be format 0 or the same size as DCI format 0), which may be included in Single Antenna Port Mode in a narrow sense

· Rank 1 Antenna Turn-off Vectors

Open Issues

1. Whether the UE is allowed to use (can be configured for) “Single Antenna Port Mode” for PUSCH transmissions, not only as the default mode for initial access

2. Fall back to Single Antenna Port Mode from SU-MIMO mode

3. Transition of Rank 1 Antenna turn-off vectors between ON and OFF via L1 signaling

4. Necessity of higher layer signaling for the transition between SU-MIMO and SIMO modes

5. Autonomous UE Transitions of Antenna Port Mode Transitions between Single Antenna Port Mode and Multiple Antenna Port Mode 

· E.g. between SIMO and CL-precoding etc.

· E.g. between Rank 1 Ant turn-off vectors and Rank 1 non-Ant turn-off vectors 

NOTES: 

Open issue 2: 

Fall back to Contiguous Mode from Non-contiguous mode was discussed in RAN1#59bis[13].

Similarly, the necessity of fall back from SU-MIMO mode to Single Antenna Port Mode should be discussed in RAN1.

Open issue 3:

Several network configuration methods were already discussed in RAN1 meeting. For example, RAN1 has discussed Rank 1 antenna turn-off vectors, and we believe it is a common understanding that eNB will configure the antenna turn-off vector via Rank Indicator and PMI information on PDCCH, similar to Release 8 downlink PMI selection. That means we already assumed that the Network configures the transition between Rank 1 antenna turn-off vectors and the other MIMO transmission (e.g. Rank 1 non-Ant turn-off vectors) via L1 signaling.

Open issue 4:

Although Single antenna port mode was agreed as one of the operation mode, it is ambiguous what the operation mode stands for. For example, we are not sure whether SIMO is one of the transmission modes or not. 

If SIMO is one of the transmission modes, the transition between SIMO and SU-MIMO may be configured via RRC signaling. However, if not, this transition may be configured via L1 signaling, e.g. DCI format.

Open issue 5:

Autonomous transition between Rank 1 Antenna turn-off vector and Rank 1 non-antenna turn-off vector has been proposed, i.e. that the UE can select the different precoding than informed precoding via PDCCH, if UL DMRS is precoded as in 36.814[10]. However, the non-precoded UL DMRS proposal in [11] makes this an open issue.

Recommendation

1. UE should be allowed to use (or can be configured for) “Single Antenna Port Mode” for PUSCH transmissions, not only as the default mode for initial access

2. Fall back to Single Antenna Port Mode from SU-MIMO mode should be specified.

3. Transition of Rank 1 Antenna turn-off vectors between ON and OFF via L1 signaling should be specified.

4a. Necessity of higher layer signaling for the transition between SU-MIMO and SIMO modes is FFS.

4b. Regardless of whether RAN1 agrees to have higher layer signaling or not, RAN1 discussions already implicitly assume Network Configuration. Therefore, RAN1 should formally agree on Network Configuration of antenna port mode. RAN2 is awaiting this RAN1 formal decision, as described in contributions R1-101545 and R1-101546.
5. If Autonomous UE transition between Antenna Port Modes is to be supported, the exact mechanism should be explicitly defined, including whether they will be specified or not,  as well as which transitions require verification and which do not

Table 1: PUSCH Open Issues

	L1
(RI, PMI, DCI format etc)
	· Fall back(SIMO <-> SU-MIMO) (Open Issue 2)

· Rank 1 Ant turn-off vectors <-> Rank 1 non-Ant turn-off vectors (Open Issue 3)

	Higher layer signaling 

(e.g. RRC signaling etc)
	· SIMO <-> SU-MIMO (Open Issue 4)

	Autonomous
	· SIMO<-> CL-precoding (Open Issue 5)

· Rank 1 Ant turn-off vectors <-> Rank 1 non-Ant turn-off vectors (Open Issue 5)


2.2. SRS

Agreed WF

· Single antenna port mode was agreed as a default operation mode

Open Issue

1. Whether the UE is allowed to use/be configured for “Single Antenna Port Mode” for SRS transmissions, not only as the default mode for initial access

2. The same antenna port configuration between PUSCH and SRS, or not

3. The necessity and possibility of the L1 or higher layer signaling for the transition between SAPM and MAPM. 

4. Autonomous transition of Antenna Port Mode Transitions between Single Antenna Port Mode and Multiple Antenna Port Mode.

NOTES: 

Open issues 1, 2: 

Whether the UE should be allowed to use “Single Antenna Port Mode” for SRS in some case, e.g. for saving battery and under a large AGI, should be discussed since there was no clear agreement on this topic. 

Such kind of mechanism may necessary for:

· Efficient SRS resource usage(since interference between SRSs are serious issue)

· Battery saving

Whether the same implementation (PA/antenna configuration) should be used for SRS and PUSCH or not should be discussed too, even though PA configuration is a UE manufacturer issue.

Open issues 3, 4: 

The necessity of  higher layer configuration, L1 configuration and autonomous transition for SRS should be discussed.

For example, if autonomous transition from UE is allowed, UE may turn off one antenna when UE observes a large AGI and go to single antenna SRS mode autonomously.

In another example, if the UE’s battery is almost running out, the UE may also turn off one antenna and go to single antenna SRS mode autonomously.

Recommendation

1. UE should be allowed to use (can be configured for) “Single Antenna Port Mode” for PUSCH transmissions, not only as the default mode for initial access

2. The same antenna port configuration for PUSCH and SRS should be used

3. The necessity and possibility of the L1 or higher layer signaling for the transition between SAPM and MAPM should be discussed. 

4. If Autonomous UE transition between Antenna Port Modes is to be supported, the exact mechanism should be explicitly defined, including whether they will be specified or not,  as well as which transitions require verification and which do not.

Table 2: SRS Open Issues

	L1
	· SIMO <-> SU-MIMO (Open Issue 3)

	Higher layer signaling (e.g. RRC signaling etc)
	· SIMO <-> SU-MIMO (Open Issue 3)

	Autonomous
	· SIMO <-> SU-MIMO (Open Issue 3)


2.3. PUCCH Format 1/1a/1b

Agreed WF

· Single antenna port mode for PUCCH and SORTD for PUCCH formats 1/1a/1b was agreed 

NOTES: 

We have identified two different PUCCH operation modes in RAN1 #58.

Open Issues

1. Whether UE is allowed to use/be configured for “Single Antenna Port Mode” for PUCCH Format 1/1a/1b transmission, not only for the default initial access

2. Alt 1 or Alt 2 (see below).

3. Autonomous transition of Antenna Port Mode Transitions between Single Antenna Port Mode and SORTD

NOTES: 

Open issues 1, 2: 

In addition to the above agreement, RAN1 is continuing discussion about how to configure SORTD on PUCCH format 1/1a/1b, as per the following [9].

· Continue discussion on alternatives including the following for the second resource 

· Alt1: SORTD is always ON if configured

· Alt2: SORTD when two ore more CCEs, fallback to single antenna port (or transparent TXD) when one CCE

Both alternatives assume network configuration of antenna port mode; the difference is whether via L1 signaling or via higher layer signaling.

Open issues 3: 

 The possibility of autonomous transition on PUCCH format 1/1a/1b should be also discussed.

For example, if UE observes a large AGI, the UE may turn off one antenna and go to a single antenna PUCCH format 1/1a/1b operation mode autonomously.

Recommendation

1. UE should be allowed to use (can be configured for) “Single Antenna Port Mode” for PUSCH transmissions, not only as the default mode for initial access

2a. FFS: Alt 1 or Alt 2

2b. Regardless of whether RAN1 agree to have Alt 1 or Alt 2, RAN1 discussions already assume Network Configuration. Therefore, RAN1 should formally agree on Network Configuration of antenna port mode.

3.  Autonomous transition of Antenna Port Mode Transitions between Single Antenna Port Mode and SORTD should be discussed

Table 3: PUCCH format 1/1a/1b Open Issues

	L1
	· SIMO <-> SU-MIMO(Alt 2) (Open Issue 2)

	Higher layer signaling (e.g. RRC signaling etc)
	· SIMO <-> SU-MIMO(Alt 1) (Open Issue 2)

	Autonomous
	· SIMO <-> SU-MIMO (Open Issue 3)


2.4. PUCCH Format 2/2a/2b

Agreed WF

· Single antenna port mode for PUCCH formats 2/2a/2b was agreed 

· Try to focus on Rel-8 CQI size for PUCCH format 2/2a/2b TXD discussion before decision on larger CQI size is made. 

NOTES: 

Single antenna port mode was agreed as a default operation mode in RAN1 #58. 

TxD (The same size as the release 8 payload, i.e. SORTD and SORM) and Extended Payload (i.e. SORM, SCBC/MSM etc) modes for PUCCH formats 2/2a/2b have been discussed for several meetings.

Open Issues

1. Whether both TxD and Extended payload modes are specified, or only one of them is specified

2. Whether L1 or higher layer signaling is needed for the transition

3. Whether UE is allowed to use/be configured for “Single Antenna Port Mode” for PUCCH format 2/2a/2b transmission, not only as the default mode for initial access

4. FFS: Autonomous transition of Antenna Port Mode Transitions between Single Antenna Port Mode, TxD and extended payload size mode

NOTES: 

Open item 2: 

The configuration between these operational modes is highly dependent on both DL transmission mode and the UL channel conditions (rank, AGI etc).

Therefore, whether higher layer signaling or L1 signaling is suitable for PUCCH format 2/2a/2b configuration should be discussed. 

Open item 4: 

The possibility of autonomous transition on PUCCH format 2/2a/2b under a large AGI or to save battery power should be also discussed .

Recommendation

1. FFS: whether both TxD and Extended payload modes are specified, or only one of them is specified

2. FFS: Whether L1 or higher layer signaling is needed for the transition

3. UE is allowed to use (or be configured for) “Single Antenna Port Mode” for PUCCH format 2/2a/2b transmission, not only as the default mode for initial access

4. Autonomous transition of Antenna Port Mode Transitions between Single Antenna Port Mode, TxD and extended payload size mode should be discussed.

Table 4: PUCCH format 2/2a/2b Open Issues

	L1
	· SIMO <-> Extended Payload(Open Issue 1,2,3)

· SIMO <-> TxD(Open Issue 1,2,3)

· Extended Payload <-> TxD(Open Issue 1,2,3)

	Higher layer signaling

(e.g. RRC signaling etc)
	· SIMO <-> Extended Payload(Open Issue 1,2,3)

· SIMO <-> TxD(Open Issue 1,2,3)

· Extended Payload<-> TxD(Open Issue 1,2,3)

	Autonomous
	· SIMO <-> Extended Payload(Open Issue 4)

· SIMO <-> TxD(Open Issue 4)


3. Conclusion

 In conclusion, we propose the following based on the recommendations contained in each section above.   

Proposal 1

Open issues in this contribution should be discussed in RAN1.

Proposal 2

UE should be allowed to use “Single Antenna Port Mode” for each physical channel transmission, i.e. PUSCH, SRS, PUCCH format 1/1a/1b, PUCCH format 2/2a/2b, in some cases,  e.g. for saving battery and under a large AGI.

Proposal 3

AT LEAST the network should be allowed to configure a “Single Antenna Port Mode” not only as the default mode for initial access, but also during data or voice connection  - we believe that the RAN1 discussion is headed in the same direction as the analysis in this contribution.

Proposal 4

Details of configuration methods should be discussed for each physical channel, i.e. PUSCH, SRS and PUCCH,  and each transmission mode.

Proposal 5

Send an LS to RAN2 recommending that signaling for the Network Configuration of the Antenna Port Mode should be developed in Rel-10 (R1-101546). This information can allow RAN2 to schedule and commence the discussion on the necessity of signaling or measurement to support antenna port mode transition.

Proposal 6

If Autonomous UE transition between Antenna Port Modes is to be supported, the exact mechanism should be explicitly defined, including whether they will be specified or not.
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5. Annex A: Agreements

5.1. Annex 1: RAN1#58 PUCCH TxD Conclusion[2]

Conclusion:

· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.

· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective

· Exact UE implementation is left to UE vendors (e.g., PA architecture)

· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission

· Detail scenarios and operation FFS 

· UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration

· Multiple-resource PUCCH for 2Tx

· Rel-8 PUCCH format

· PUCCH format 1/1a/1b

· Spatial Orthogonal-Resource Transmit Diversity (SORTD) is applied

· The same modulated symbol d(0) is transmitted on different orthogonal resources for different antennas

· Resource allocation is FFS

· PUCCH format 2/2a/2b: FFS

· Multiple-resource PUCCH for 4Tx

· 2Tx TxD is applied

· 2Tx TxD transmission is UE implementation issue

5.2. Annex 2: RAN1#59bis PUCCH TxD Conclusion [9]

Conclusion on resource allocation for SORTD for case of no carrier aggregation:

· SR: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with SPS: higher layer configuration of the second resource in case SORTD configured

· For PDSCH with dynamic scheduling: 

· First resource for the first antenna port is linked to the first CCE, including single CCE case (same as in Rel-8)

· Continue discussion on alternatives including the followings for the second resource 

· Alt1: SORTD is always ON if configured

· Alt2: SORTD when two ore more CCEs, fallback to single antenna port (or transparent TXD) when one CCE

· Discussion points identified so far

· Impact on scheduler if the number of CCEs is limited for Alt1

· Impact on eNB receiver implementation to detect the used transmission mode and UE complexity for confirming the CCE aggregation level in case of dynamic change of transmission mode for Alt 2

Note: Resource allocation for PUCCH format 1/1a/1b may be revisited along with carrier aggregation discussion

5.3. Annex 2: R1-100822 WF on Non-Contiguous PUSCH [13]

Support of PUSCH transmission in non-contiguous bandwidth within a single carrier

· Allow for dynamic support of fall-back mode (SC-FDMA transmission)

· Do not increase the number of PDCCH blind decoding operations due to support of PUSCH transmission in non-contiguous bandwidths within the same carrier

· Total number of blind decoding operations may increase to support other features (e.g. UL SU-MIMO) - FFS

· Resource Allocation is FFS

· Number of clusters, RBG mapping, DCI format(s), etc.

6. Annex B: Figures
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Figure B1: Two transmission Modes case (PUSCH)
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Figure B2: One transmission Modes case (PUSCH)
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Figure B3: SRS
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Figure B4: PUCCH format 1/1a/1b
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Figure B5: PUCCH format 2/2a/2b
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