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1 Introduction
In the last RAN1 meeting, a new special subframe configuration was decided. RAN1 asked in LS [1] to provide necessary signaling for this new configuration and update RAN2 specifications correspondingly.
2 Discussion
2.1 Background

According to LS [1], RAN1 has agreed to add the following new special subframe configurations for TDD:

· For DwPTS with normal cyclic prefix in downlink, special subframe configuration 9 is added for (DwPTS:GP:UpPTS) = (6:6:2).
· For DwPTS with extended cyclic prefix in downlink, special subframe configuration 7 is added for (DwPTS:GP:UpPTS) =(5:5:2).
As requested by [1], a new additional special subframe configuration needs to be provided in the RRC signaling. The current TDD configuration is the following: 

TDD-Config information element
-- ASN1START

TDD-Config ::=





SEQUENCE {


subframeAssignment




ENUMERATED {












sa0, sa1, sa2, sa3, sa4, sa5, sa6},


specialSubframePatterns



ENUMERATED {












ssp0, ssp1, ssp2, ssp3, ssp4,ssp5, ssp6, ssp7,












ssp8}

}

-- ASN1STOP

Currently, the idle mode and connected mode UEs receive TDD-Config from broadcasted SIB1. In addition, TDD-Config can be signaled in a dedicated way in IE mobilityControlInfo of RRCConnectionReconfiguration, i.e., as a part of Handover Command.
2.2 Signalling for additional special subframe configuration
As can be seen from the structure of TDD-Config, there are no spare values in IE specialSubframePatterns or possibility to extend the current TDD-Config IE.  Thus a new IE for the additional subframe configuration should be designed.
There are two main approaches to introduce new special subframe configuration:
1. New IE added to System information (e.g. SIB1)
2. Dedicated RRC signalling introduced

In the following, these two alternatives are compared considering different aspects such as handling of legacy UEs and signaling efficiency.

2.2.1 Backwards compatibility and idle mode
To keep backwards compatibility, the current signaling for the special subframe configuration should not be changed since the legacy terminals do neither support new signaling nor new special subframe configuration. The network has to handle both types of terminals at the same time. This is done by downlink scheduler so that in the case legacy UE is scheduled, the legacy format is used and in the case the Rel-11 UE is scheduled, additional special subframe configuration is used.
One key question for selecting signaling solution is following: Should Rel-11 idle mode UEs assume additional special subframe configuration or the legacy special subframe configuration? If legacy format is used, then it is possible to use dedicated RRC signaling for additional special subframe. On the other hand, if Rel-11 idle mode UEs should be aware of the additional special subframe, then broadcasted signaling is the only option.

For idle mode UEs, the special subframe configuration might have impact on following issues:
1. Special subframe configuration used during RA access process 

2. RRM measurements 

If System Information is used for the additional special subframe configuration, before the network knows the release of the UE, it cannot know which special subframe configuration is used by the UE during random access process. If the network does not know the special subframe configuration, then it cannot use the special subframe for Random Access Response and Msg4. So from this perspective, it would be better that dedicated RRC signalling would be used for the additional special subframe configuration so that the eNB has a control of the format during Random Access process.

On the other hand, even legacy special subframe configuration would be used for idle-to-connected mode transition for Rel-11 UEs, the network does not still know which configuration should be used for Random Access Response because the network does not know from the RA preamble if the preamble was sent by connected mode Rel-11 UE (Contention based RA) or by connected/idle mode Rel-8/10 UE. So it means that the special subframe can be used for the RA Response only in the contention free random access case or the case when there are not any connected mode un-synchronized UEs in the cell.

CRS structure is same in the legacy special subframe format and the additional special subframe format, except that the structure is truncated for the subframe having less DL symbols. If the legacy subframe configuration has less DL symbols than the additional special subframe configuration, RRM measurements for idle mode are not impacted.
2.2.2 Signalling overhead and delay

One could consider that broadcasted information is more efficient than a dedicated signaling since the common information is applied by many UEs. However, it is not always the case that SIB solution has less overhead, because SIBs need to be broadcasted regularly and there needs to be a sufficient number of repetitions. So the general principle has been to avoid broadcasted information when possible. On the other hand, if this parameter changes often, then the change with System Information update can be more efficient than the change with dedicated signaling. But this depends on number of connected mode UEs in the system. 

With the dedicated RRC signalling, the delay to update the configuration is shorter since update can be done at any point of time and update is not limited to the modification boundary. On the other hand, a benefit of broadcasted information is that all UEs receive information at the same time in the modification boundary point. With a dedicated signaling this is hard to achieve due to limited resources to inform about update.

2.2.3 Comparison

In the following table, we compare two different solutions.
	
	Pros
	Cons

	SIB signaling
	- Similar to legacy approach

- Update consumes less resources when there are many connected UEs
- When System Information is updated, all UEs receive the information (almost) at the same time


	- Overhead of broadcasted information increases.

- UE capability is known rather late, meaning that Msg2 and Msg4 cannot be scheduled for the special subframe

	Dedicated signaling
	- Overhead of broadcasted information smaller

-  Update is faster
- Additional parameters are not needed for idle mode 
	- Update consumes resources and difficult to perform simultaneously for all UEs
- New procedure for Rel-11 UEs.




Based on evaluation, we consider that the dedicated signaling is more efficient in this scenario.
Proposal 1 Introduce dedicated RRC signaling for additional special subframe configuration 
2.3 Handover in the case of new special subframe configuration

During HO, the dedicated special subframe configuration of the UE could be transferred to the target eNB. From a source to a target, currently TDD-config is transferred as a part of SIB1 information in HO preparation information. If the new special subframe configuration would be UE specific, then it could be transferred with dedicated RRC configuration as a part of radioResourceConfigDedicated. In direction from the target to the source and the UE, the TDD-config is included in mobilityControlInfo of the HO command. If new dedicated signaling for additional subframe configuration is introduced, then additional configuration could be included in the radioResourceConfigDedicated of the HO command as well. 
Proposal 2 Include the additional special subframe configuration in signaling from the from source cell to the target cell during HO preparation.
2.4 X2 signalling for new configuration

Currently, the special subframe configuration is included in the X2 IE "Served Cell Information" that can be included in the X2 SETUP REQUEST, X2 SETUP RESPONSE or ENB CONFIGURATION UPDATE messages. Two alternatives for X2AP specification 36.423 are provided in [2] and [3]. In the first one, it is proposed that the additional special subframe configuration is added to the existing IE, whereas in the latter one, additional signaling is added on top of the configuration used for legacy UEs. 

3 Conclusion
In this contribution, we have discussed RAN2 impact of additional subframe configuration. We have made the following proposals:

Proposal 3 Introduce dedicated RRC signaling for additional special subframe configuration
Proposal 4 Include the additional special subframe configuration in signaling from the from source cell to the target cell during HO preparation.
See also a text proposal for 36.331 in the appendix.
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5 Text proposals for 36.331
5.1.1.1 –
PhysicalConfigDedicated
The IE PhysicalConfigDedicated is used to specify the UE specific physical channel configuration.

PhysicalConfigDedicated information element
-- ASN1START

PhysicalConfigDedicated ::=

SEQUENCE {


pdsch-ConfigDedicated



PDSCH-ConfigDedicated


OPTIONAL,

-- Need ON


pucch-ConfigDedicated



PUCCH-ConfigDedicated


OPTIONAL,

-- Need ON


pusch-ConfigDedicated



PUSCH-ConfigDedicated


OPTIONAL,

-- Need ON


uplinkPowerControlDedicated


UplinkPowerControlDedicated

OPTIONAL,

-- Need ON


tpc-PDCCH-ConfigPUCCH



TPC-PDCCH-Config 



OPTIONAL,

-- Need ON


tpc-PDCCH-ConfigPUSCH



TPC-PDCCH-Config 



OPTIONAL,

-- Need ON


cqi-ReportConfig




CQI-ReportConfig



OPTIONAL,

-- Cond CQI-r8


soundingRS-UL-ConfigDedicated

SoundingRS-UL-ConfigDedicated
OPTIONAL,

-- Need ON


antennaInfo






CHOICE {



explicitValue





AntennaInfoDedicated,



defaultValue





NULL


}

OPTIONAL,















-- Cond AI-r8


schedulingRequestConfig



SchedulingRequestConfig

OPTIONAL, 


-- Need ON


...,


[[
cqi-ReportConfig-v920



CQI-ReportConfig-v920

OPTIONAL,

-- Cond CQI-r8



antennaInfo-v920




AntennaInfoDedicated-v920
OPTIONAL

-- Cond AI-r8


]],


[[
antennaInfo-r10




CHOICE {




explicitValue-r10



AntennaInfoDedicated-r10,




defaultValue




NULL



}

OPTIONAL,














-- Cond AI-r10



antennaInfoUL-r10



AntennaInfoUL-r10



OPTIONAL,

-- Need ON



cif-Presence-r10




BOOLEAN






OPTIONAL,
-- Need ON


cqi-ReportConfig-r10


CQI-ReportConfig-r10


OPTIONAL,

-- Cond CQI-r10



csi-RS-Config-r10



CSI-RS-Config-r10



OPTIONAL,

-- Need ON



pucch-ConfigDedicated-v1020

PUCCH-ConfigDedicated-v1020

OPTIONAL,

-- Need ON



pusch-ConfigDedicated-v1020

PUSCH-ConfigDedicated-v1020

OPTIONAL,

-- Need ON



schedulingRequestConfig-v1020
SchedulingRequestConfig-v1020
OPTIONAL,

-- Need ON



soundingRS-UL-ConfigDedicated-v1020









SoundingRS-UL-ConfigDedicated-v1020
OPTIONAL,

-- Need ON



soundingRS-UL-ConfigDedicatedAperiodic-r10









SoundingRS-UL-ConfigDedicatedAperiodic-r10
OPTIONAL,
-- Need ON



uplinkPowerControlDedicated-v1020
UplinkPowerControlDedicated-v1020
OPTIONAL
-- Need ON


]],


[[
additionalSpectrumEmissionCA-r10 


CHOICE {




release








NULL,




setup








SEQUENCE {





additionalSpectrumEmissionPCell-r10

AdditionalSpectrumEmission



}



}


OPTIONAL
-- Need ON


]],


[[
additionalSpecialSubframeConfig-r11

ENUMERATED {ass0, spare}

OPTIONAL,
-- Need ON


]]
}

PhysicalConfigDedicatedSCell-r10 ::=

SEQUENCE {


-- DL configuration as well as configuration applicable for DL and UL


nonUL-Configuration-r10




SEQUENCE {



antennaInfo-r10






AntennaInfoDedicated-r10
OPTIONAL,
-- Need ON



crossCarrierSchedulingConfig-r10

CrossCarrierSchedulingConfig-r10
OPTIONAL,
-- Need ON



csi-RS-Config-r10





CSI-RS-Config-r10


OPTIONAL,
-- Need ON



pdsch-ConfigDedicated-r10



PDSCH-ConfigDedicated

OPTIONAL
-- Need ON


}















OPTIONAL, 
-- Cond SCellAdd


-- UL configuration


ul-Configuration-r10




SEQUENCE {



antennaInfoUL-r10





AntennaInfoUL-r10


OPTIONAL,
-- Need ON



pusch-ConfigDedicatedSCell-r10


PUSCH-ConfigDedicatedSCell-r10

OPTIONAL,
-- Need ON



uplinkPowerControlDedicatedSCell-r10
UplinkPowerControlDedicatedSCell-r10
OPTIONAL,
-- Need ON



cqi-ReportConfigSCell-r10



CQI-ReportConfigSCell-r10
OPTIONAL,
-- Need ON



soundingRS-UL-ConfigDedicated-r10

SoundingRS-UL-ConfigDedicated
OPTIONAL,
-- Need ON



soundingRS-UL-ConfigDedicated-v1020









SoundingRS-UL-ConfigDedicated-v1020
OPTIONAL,

-- Need ON



soundingRS-UL-ConfigDedicatedAperiodic-r10









SoundingRS-UL-ConfigDedicatedAperiodic-r10
OPTIONAL
-- Need ON


}
















OPTIONAL,
-- Cond CommonUL


...

}

-- ASN1STOP

	PhysicalConfigDedicated field descriptions

	additionalSpectrumEmissionPCell

The UE requirements related to IE AdditionalSpectrumEmissionPCell are defined in TS 36.101 [42].

	antennaInfo

A choice is used to indicate whether the antennaInfo is signalled explicitly or set to the default antenna configuration as specified in section 9.2.4.

	tpc-PDCCH-ConfigPUCCH

PDCCH configuration for power control of PUCCH using format 3/3A, see TS 36.212 [22].

	tpc-PDCCH-ConfigPUSCH

PDCCH configuration for power control of PUSCH using format 3/3A, see TS 36.212 [22].

	 additionalSpecialSubframeConfig-r11
Indicates additional special subframe pattern as in TS 36.211 [21, table 4.2-1] where ass0 point to Configuration 9 in the case of normal downlink cyclic prefix and to Configuration 7 in the case of extended downlink cyclic prefix,


	Conditional presence
	Explanation

	AI-r8
	The field is optionally present, need ON, if antennaInfoDedicated-r10 is absent. Otherwise the field is not present

	AI-r10
	The field is optionally present, need ON, if antennaInfoDedicated is absent. Otherwise the field is not present

	CommonUL
	The field is mandatory present if ul-Configuration of RadioResourceConfigCommonSCell-r10 is present; otherwise it is optional, need ON.

	CQI-r8
	The field is optionally present, need ON, if cqi-ReportConfig-r10 is absent. Otherwise the field is not present

	CQI-r10
	The field is optionally present, need ON, if cqi-ReportConfig is absent. Otherwise the field is not present

	SCellAdd
	The field is mandatory present if cellIdentification is present; otherwise it is optional, need ON.


NOTE 1:
During handover, the UE performs a MAC reset, which involves reverting to the default CQI/ SRS/ SR configuration in accordance with subclause 5.3.13 and TS 36.321 [6, 5.9 & 5.2]. Hence, for these parts of the dedicated radio resource configuration, the default configuration (rather than the configuration used in the source PCell) is used as the basis for the delta signalling that is included in the message used to perform handover.

NOTE 2:
Since delta signalling is not supported for the common SCell configuration, E-UTRAN can only add or release the uplink of an SCell by releasing and adding the concerned SCell.
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