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1. Introduction

At the last RAN1 #72bis meeting in Chicago, USA a couple of contributions were submitted concerning the usage of the term PBCH antenna ports on secondary component carriers [1]

 REF _Ref355941327 \r \h 
[2]. The topic also surfaced in one of the email discussions following RAN1 #72bis [3]. It was concluded to continue the discussion in RAN1 as captured in the LS reply on the RI bit width to RAN2. This contribution identifies where in the RAN1 specifications the term PBCH antenna ports is problematic. We also present possible remedies for the terminology for cell-specific antenna ports on SCells.
2. Background
There are several occasions which allow the EUTRAN to signal system information by means of dedicated signaling:
1. The RRCConnectionReconfiguration message may include system information when the PCell is changed
· After receiving the handover message from the source eNodeB but before acquiring system information from the target eNodeB, the UE needs to initiate a random access procedure to the target PCell. Thus, the target eNodeB may include in the mobility control information the number of cell-specific antenna ports of the target PCell. 

2. A cell range extension UE may receive SIB1 via dedicated signaling 

· The parameter values included in the RRCConnectionReconfiguration message are the same as broadcasted in SIB1 [8]
3. When a UE is configured with CA dedicated signaling is used to provide all necessary system information of an SCell 

· A UE need not acquire broadcasted system information on an SCell [8]
· The parameter values included in the RRCConnectionReconfiguration message need not be the same as the ones broadcasted on the concerned SCell [8]
· When CA is deployed the SFN is aligned across cells that can be aggregated [9]
On a PCell a UE relies on cell-specific reference signals to obtain the system frame number and to monitor the common search space. In order to allow random access to the target PCell before acquiring system information, the target eNodeB compares its antenna configuration with the one received in the Access Stratum configuration of the source eNodeB during handover preparation. In case the number of PBCH antenna ports of source and target PCell differs, the number of cell-specific antenna ports can be included in the RRCConnectionReconfiguration when the target eNodeB prepares the mobility control information. Since the UE cannot receive the Random Access Response if the number of cell-specific antenna ports indicated in the RRCConnectionReconfiguration message is not identical with the number of cell-specific antenna ports used for transmission of the PBCH, this can be considered an error case.
It is, however, possible to receive the PDSCH on an SCell without relying on cell-specific reference signals for demodulation of any channel on the secondary component carrier. In addition, the RRC protocol specification states that the eNodeB need not configure the number of cell-specific antenna ports with the same value as the number of antenna ports used for transmission of the PBCH [8]. The usage of the term PBCH antenna port should thus be avoided when it is equally applicable to PCells and SCells in RAN1 specifications. Alternatively, it should be clarified that the term does not mandate a UE to receive the PBCH on an SCell.
3. Discussion

The following enumerates where in the RAN1 specifications [5]

 REF _Ref355946362 \r \h 
[6]

 REF _Ref355946363 \r \h 
[7] the term PBCH antenna port is problematic:
1. TS 36.211, Section 6.4, “Physical downlink shared channel”

· In resource blocks in which UE-specific reference signals are not transmitted, the PDSCH shall be transmitted on the same set of antenna ports as the PBCH, which is one of 
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2. TS 36.212, Section 5.2.2.6, “Channel coding of control information”

· For rank indication (RI) (RI only, joint report of RI and i1, and joint report of RI and PTI)

· The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2, 5.2.2.6.2-3, 5.2.2.6.3-3, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.2-4, and 5.2.3.3.2-4A, which are determined assuming the maximum number as follows:

· If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the configured number of CSI-RS ports and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.

· If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the configured number of CSI-RS ports and ue-Category.
· If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field is included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the configured number of CSI-RS ports for that CSI process and the maximum of the reported UE downlink MIMO capabilities for the same band in the corresponding band combination.. 

· If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the configured number of CSI-RS ports for that CSI process and ue-Category. 

· Otherwise the maximum number of layers is determined according to the minimum of the number of PBCH antenna ports and ue-Category.

3. TS 36.212, Tables 7.1-5, 7.1-5A, and 7.2.3-0
· See appendix

From the contributions submitted at the last meeting and the email discussion in [3] there seem to be three alternatives to address this problem.

Alternative 1: avoid the term PBCH antenna port for SCells (proposed in [1])

· The benefit of Alternative 1 is that it aligns terminology. For instance, Section 7.2.3 in [7] uses the term cell-specific antenna port to determine the ratio of PDSCH EPRE to cell-specific RS EPRE if CRS is used for channel measurements and the term PBCH antenna port to derive the PDSCH transmission scheme assumed for the CSI reference resource.
Alternative 2: treat PCell and SCell separately (proposed in [2])
· The benefit of Alternative 2 is that for an SCell it clearly states that the UE shall follow the number of cell-specific antenna ports provided by higher layers. Also, for PCells the terminology is not changed in this solution. 
Alternative 3: clarify the meaning of the term PBCH antenna port for SCells and use the term for both PCells and SCells (proposed in [3])
· The benefit of Alternative 3 is that it requires the least changes to current Rel. 10 and Rel. 11 specifications. 
In light of the above, our preference in resolving this issue is either Alternative 1 or 3 with a slight preference for Alternative 1 to align terminology. 

Proposal: The term PBCH antenna port should be avoided when referring to SCells and RAN1 specifications should be changed accordingly. 
4. Conclusion

This contribution discussed the ambiguity of the term PBCH antenna port on secondary component carriers and possible remedies to remove such ambiguity. It is proposed to avoid the term PBCH antenna port when referring to SCells and to change RAN1 specifications accordingly.
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Appendix

Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)


	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2A
	UE specific by C-RNTI
	Large delay CDD (see subclause 7.1.3)  or Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2
	UE specific by C-RNTI
	Closed-loop spatial multiplexing  (see subclause 7.1.4)or Transmit diversity (see subclause 7.1.2)

	Mode 5
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1D
	UE specific by C-RNTI
	Multi-user MIMO (see subclause 7.1.5)

	Mode 6
	DCI format 1A
	Common and

UE specific by C-RNTI
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1B
	UE specific by C-RNTI
	Closed-loop spatial multiplexing (see subclause 7.1.4) using a single transmission layer

	Mode 7
	DCI format 1A
	Common and

UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 10
	DCI format 1A
	Common and
UE specific by C-RNTI 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2D
	UE specific by C-RNTI
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)


Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to EPDCCH

	Mode 1
	DCI format 1A
	UE specific 
	Single-antenna port, port 0 (see subclause 7.1.1)


	
	DCI format 1
	UE specific 
	Single-antenna port, port 0 (see subclause 7.1.1)

	Mode 2
	DCI format 1A
	UE specific 
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific 
	Transmit diversity (see subclause 7.1.2)

	Mode 3
	DCI format 1A
	UE specific 
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2A
	UE specific 
	Large delay CDD (see subclause 7.1.3)  or Transmit diversity (see subclause 7.1.2)

	Mode 4
	DCI format 1A
	UE specific 
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 2
	UE specific 
	Closed-loop spatial multiplexing  (see subclause 7.1.4)or Transmit diversity (see subclause 7.1.2)

	Mode 5
	DCI format 1A
	UE specific 
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1D
	UE specific 
	Multi-user MIMO (see subclause 7.1.5)

	Mode 6
	DCI format 1A
	UE specific 
	Transmit diversity (see subclause 7.1.2)

	
	DCI format 1B
	UE specific 
	Closed-loop spatial multiplexing (see subclause 7.1.4) using a single transmission layer

	Mode 7
	DCI format 1A
	UE specific 
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific 
	Single-antenna port, port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	UE specific 
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 2B
	UE specific 
	Dual layer transmission, port 7 and 8 (see subclause 7.1.5A) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 9
	DCI format 1A
	UE specific 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2C
	UE specific 
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)

	Mode 10
	DCI format 1A
	UE specific 
	Non-MBSFN subframe: If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

MBSFN subframe: Single-antenna port, port 7 (see subclause 7.1.1)

	
	DCI format 2D
	UE specific 
	Up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) or single-antenna port, port 7 or 8 (see subclause 7.1.1)


Table 7.2.3-0: PDSCH transmission scheme assumed for CSI reference resource

	Transmission mode
	Transmission scheme of PDSCH

	1
	Single-antenna port, port 0

	2
	Transmit diversity

	3
	Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

	4
	Closed-loop spatial multiplexing

	5
	Multi-user MIMO

	6
	Closed-loop spatial multiplexing with a single transmission layer

	7
	If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity

	8
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing



	9
	If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-antenna port, port 0; otherwise transmit diversity 

If the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) 

	10
	If a CSI process of the UE is configured without PMI/RI reporting: if the number of CSI-RS ports is one, single-antenna port, port7; otherwise transmit diversity

If a CSI process of the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one, single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see subclause 7.1.5B) 
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