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In this document we discuss some issues relating to the configuration of MBSFN subframes without a unicast control region and cell-specific reference signals.  Some of the issues discussed include: 
· What type of eMBMS carriers can we consider removing the unicast control region from?
· Where are SI and paging supported?
· Where/how is unicast scheduling supported?
Discussion
As stated in the WID ([1]), one objective is to configure MBSFN subframes without a unicast control region and cell specific signals:
c. Specify means of configuring MBSFN subframes without a unicast control region and cell-specific reference signals. (RAN1, RAN2)
The table below describes the current unicast control region functions.
	Control Region Function
	Description

	CRS
	Supports channel estimation 

	PCFICH
	Indicates the number of OFDM symbols used for control signalling in this subframe

	PHICH
	Carries downlink ACK/NACK for UL data transmission.

	PDCCH
	Carries scheduling information in DCIs for paging, DL and UL data transmissions.



Given the functions of the unicast control region listed above, then the specific eMBMS deployment scenario where it is easiest to completely remove the unicast control region in MBSFN subframes, is for a DL only standalone dedicated eMBMS carrier.  This type of deployment can be envisaged being used by operators/broadcasters to provide unauthenticated broadcast services, and can currently be considered as special case of WID objective (d) scenario (see WID objective description below) where no unicast paging and no UL support is provided.
d.	Support for standalone carrier with all DL subframes dedicated to MBSFN transmission and self-contained eMBMS signaling including information of SIB13, SIB15, SIB16. (RAN2)
For this specific scenario, by removing the need for unicast paging and DL/UL traffic support, the support of PDCCH DCIs to support unicast paging resources and DL/UL scheduling is eliminated.  Note that broadcast paging messages, such as SystemInfoModification or ETWS/CMAS, could still be sent in subframes used for SI/PSS/SSS/PBCH. Also, since no UL traffic is supported, there is no need to support UL ACK/NACK functionality (traditionally supported by the PHICH).  Support of PCFICH can be eliminated by either additional information in the SI and/or a fixed rule specific to this scenario.   Given that legacy unicast is not supported by this scenario, the new devices supporting this scenario can be optimised to operate using the RS within MBSFN subframes combined with the RS already present in the non-MBSFN subframes supporting PSS/SSS/PBCH/SI.  
Proposal 1:   A standalone carrier with all DL subframes dedicated to MBSFN transmission that also does not support UL traffic and does not support unicast paging, can be configured without a unicast control region.
[bookmark: _GoBack]Proposal 2:   A standalone carrier with all DL subframes dedicated to MBSFN transmission that also does not support UL traffic and does not support unicast paging messages, can be configured to support broadcast paging (e.g. ETWS/CMAS) using the subframes for PSS/SSS/PBCH and SI.
As stated in the description for objective (d), such a standalone carrier is expected to be self-contained and therefore be able to transmit all the information necessary for a device to acquire eMBMS without needing the device to establish an RRC connection.  Note that at the last RAN plenary, an update to the WID added the following text in relation to the primary objectives (longer CP, more SFs, no unicast).  
“Note: Both connected and idle mode FeMBMS operation are included.”
For WID objectives a, b and c, to support idle mode UEs, all the information required to acquire eMBMS must either be  broadcast or preconfigured by a RRC connection on that or another carrier.   For the following reasons, we support at least one solution being developed for the transmission of PSS/SSS/PBCH and SI for eMBMS carriers (mixed or dedicated) that allows PSS/SSS/PBCH and SI to be broadcast by the eMBMS carrier.
1. It follows existing specification principals for system information acquisition as outlined in TS36.331 section 5.2.1.1.
“If the UE is receiving or interested to receive an MBMS service in a cell, the UE shall apply the system information acquisition and change monitoring procedure to acquire parameters relevant for MBMS operation and apply the parameters acquired from system information only for MBMS operation for this cell.”
2. It minimises the resources required on a supporting carrier that are used either for:
a. Broadcasting the eMBMS cell SI information 
b. Setting up individual device RRC connections for the transfer of configuration information. 
 
3. Enables lower cost devices to be developed specifically for the reception of eMBMS services that are not required to support unicast/full RRC connections.
Proposal 3:   The PSS/SSS/PBCH and SI required to support eMBMS reception, are supported by the eMBMS carrier.
Whilst proposal 3 promotes PSS/SSS/PBCH and SI being sent by the eMBMS carrier (irrespective of WID objective), it does not preclude different methods of PSS/SSS/PBCH and SI delivery being used on eMBMS carriers supporting unicast and eMBMS carriers not supporting any unicast.  For example, without the constraint of having to support CRS every 5ms for unicast traffic, a dedicated eMBMS carrier may be able to take advantage of low frequency discovery signals.
Proposal 4:	The method of PSS/SSS/PBCH/SI delivery to a dedicated eMBMS carrier that does not support any unicast traffic may be different to that used by an eMBMS carrier with unicast support.
If unicast paging is required to be supported on either a dedicated or mixed eMBMS carrier, then for the reasons listed below, it is proposed that paging is supported by another PCell/Serving cell depending on the RRC connection status of the device.
1. The possibility that eMBMS carriers are allocated DL carriers only (e.g. from SDL spectrum)
2. Supporting paging on the eMBMS carrier reduces MBSFN capacity
3. Since eMBMS cells may have significantly larger cell sizes and the number of devices they could support could also be larger meaning more resources need to be reserved for paging rather than eMBMS.
4. The WID already states that “The non-MBSFN subframes for unicast can only be used as Scell” for the increased number of SF for MBSFN objective. 
Proposal 5:   Unicast paging is supported by another cell acting either as a serving cell (for idle mode UEs) or a PCell (connected mode cell) and not by the enhanced eMBMS carriers. 
A potential issue with relying on another cell to support paging whilst a single receiver UE is receiving eMBMS services in subframes normally reserved for paging, is a collision in time of the UE’s paging occasion and eMBMS services.  A simple solution would be to require all UEs supporting these eMBMS cell to be dual receiver capable.  However this solution would then make these devices significantly more costly. Instead it is proposed that RAN1 confirm that by appropriate configuration of a device’s paging cycle in one cell and corresponding eMBMS physical layer error rate, it is possible to allow even single receiver devices to infrequently retune to another cell to listen to paging occasions and continue maintaining an adequate QoS for the eMBMS service.
Proposal 6:	RAN1 confirms that single receiver devices (in idle mode) can successfully support both paging and eMBMS services in one cell when those services collide.
Current carrier aggregation specifications enable a primary cell to use a dedicated RRC connection to a UE to configure (see CrossCarrierSchedulingConfig in [2]) whether or not that UE uses the PDCCH in a SCell.  Since, for unicast traffic the WID already states that unicast should be supported as a SCell, it is proposed to keep both the options that currently exist:	
· Option 1:	   PCell configures the SCell to use cross-scheduling thereby eliminating the usage of PDCCH for unicast support in the SCell.
· Option 2:		PCell configures the SCell to use the SCell PDCCH for unicast scheduling support.
In principal, maintaining these options has the following benefits:
· minimises specifications changes
· provides a significant amount of flexibility
The potential issues with maintaining these options unchanged include:
· For both option 1 and 2, current specifications expect some PDCCH in all subframes (MBSFN and non-MBSFN).  Even for option 1, PDCCH is still present in all SFs (MBSFN or non-MBSFN) and it has a configurable length with a minimum value of 1 OFDM symbol (set via the pdsch-Start IE).
· Option 1 relies on the UE supporting the currently optional “crossCarrierScheduling” capability.
Given the discussion above, it is proposed that both the legacy options be carried over for eMBMS carriers.
Proposal 7:	Carriers supporting a mix of unicast and eMBMS traffic can be configured by the PCell to use either:
· the PDCCH in the PCell for supporting unicast cross-carrier scheduling
· the PDCCH in the SCell for supporting unicast scheduling
Support of proposal 7, does not preclude potential enhancements to cross-carrier scheduling configuration options to enable, 
· The pdsch-start IE being extended to support “0” OFDM symbol control region for MBSFN subframes.
Proposal 8:	RAN1 to consider the support of “0” OFDM symbol control region for MBSFN subframes when cross-scheduling is supporting a mixed unicast-eMBMS carrer.
Conclusions
In this contribution, we’ve discussed several issues relating to the support of the unicast control region for eMBMS carriers.  From those discussions we have the following proposals for RAN1 to discuss:
Proposal 1:   A standalone carrier with all DL subframes dedicated to MBSFN transmission that also does not support UL traffic and does not support unicast paging, can be configured without a unicast control region.
Proposal 2:   A standalone carrier with all DL subframes dedicated to MBSFN transmission that also does not support UL traffic and does not support unicast paging messages, can be configured to support broadcast paging (e.g. ETWS/CMAS) using the subframes for PSS/SSS/PBCH and SI.
Proposal 3:   The PSS/SSS/PBCH and SI required to support eMBMS reception, are supported by the eMBMS carrier.
Proposal 4:	The method of PSS/SSS/PBCH/SI delivery to a dedicated eMBMS carrier that does not support any unicast traffic may be different to that used by an eMBMS carrier with unicast support.
Proposal 5:   Unicast paging is supported by another cell acting either as a serving cell (for idle mode UEs) or a PCell (connected mode cell) and not by the enhanced eMBMS carriers. 
Proposal 6:	RAN1 confirms that single receiver devices (in idle mode) can successfully support both paging and eMBMS services in one cell when those services collide.
Proposal 7:	Carriers supporting a mix of unicast and eMBMS traffic can be configured by the PCell to use either:
· the PDCCH in the PCell for supporting unicast cross-carrier scheduling
· the PDCCH in the SCell for supporting unicast scheduling
Proposal 8:	RAN1 to consider the support of “0” OFDM symbol control region for MBSFN subframes when cross-scheduling is supporting a mixed unicast-eMBMS carrer.
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