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In this document we discuss the transmission of the PSS/SSS and PBCH by eMBMS cells using discovery signals and alternatively by the conventional method. We highlight why we consider that discovery signals may only be suited to dedicated carriers and suggest a potential enhancement of the conventional method of PSS/SSS and PBCH delivery that could increase MBSFN capacity.  
Discussion 
2.1 Discovery Signals
In previous meetings it has been suggested that the small cells Discovery signal could be used instead of the conventional PSS/SSS/CRS to free additional subframes for MBSFN traffic. Discovery signals were originally developed to provide networks with a means to allow deactivated small cells to send out a low frequency, and therefore less interfering, beacon style signals containing PSS/SSS/CRS (and optionally CSI). UEs appropriately configured by a PCell, would know the periodicity (see MeasDS-Configdmtc-PeriodOffset-r12) of these discovery signals and use them to perform measurements on those small cells to determine if they were suitable handover/cell-selection candidates.  
According to TS36.211, for frame structure type 1, a discovery signal occasion for a cell consists of a period of one to five consecutive subframes. The periodicity, first SFN and subframe are defined in dmtc-PeriodOffset-r12 (see extract from TS36.331 below), which currently allows for periodicities of 40ms, 80ms and 160ms.
Extracts from TS36.331-d10:
dmtc-PeriodOffset-r12			CHOICE {
			ms40-r12						INTEGER(0..39),
			ms80-r12						INTEGER(0..79),
			ms160-r12						INTEGER(0..159),
			...
		},

Depending on the measurements reported back by the UE, the network can choose to activate the small cell. When activated, the small cell stops transmitting the discovery signal and starts to transmit conventional PSS/SSS/CRS/PBCH.
The likely agreement (below) from the “[85-11] eMBMS proposal” email discussion ensures some CRS is provided to UEs at least once every 5ms:
· “If a carrier supports mixed unicast and MBMS, at least 2 subframes separated by 5ms are non-MBSFN subframes”
Given the agreement above, the use of discovery signals for mixed unicast and eMBMS carrier offers no benefits over using conventional means of transmitting PSS/SSS/PBCH/SIB1 which require transmissions every 5ms.
Observation 1:   There are no clear benefits of developing discovery signals for mixed unicast and eMBMS carriers if there must be at least 2 non-mbsfn subframes every 5 ms. 
For dedicated eMBMS carriers, where the constraint to send conventional CRS every 5ms is no longer required, some form of discovery signal could be developed that frees up significantly more subframes for MBSFN traffic. Some of the key design questions about discovery signals for dedicated eMBMS carriers that would need to be addressed if these signals were to be adopted, are now discussed.
For a dedicated eMBMS carrier how does the UE know the configuration of the discovery signal?
Currently, a UE receives the configuration (period and offset) of discovery signals of potential small cell handover targets from a PCell via RRC signalling. For dedicated eMBMS carriers, if new low cost devices are to be supported that can start receiving eMBMS services without the need for establishing an RRC connection, i.e. devices in idle mode, then possible alternatives for acquiring discovery signal configuration include:
· Option 1:		The UE performs blind detection to acquire the discovery signal.
· Option 2:		The periodicity/configuration of the discovery signal is predefined.
· Option 3:		Combination of options 1 and 2.
· Option 4:		Another conventional cell, broadcasting discovery signal configuration for neighbour cells. 
Proposal 1:   For dedicated eMBMS carriers, the UE can use the discovery signal to acquire synchronisation and make measurements without the need to establish an RRC connection with another cell.
Where is PBCH and SI transmitted for an activated dedicated eMBMS cell if discovery signals are used?
Currently, discovery signals only include PSS/SSS/CRS and optionally CSI. For idle mode UEs to be able to start receiving eMBMS transmissions without the need to establish an RRC connection, SI must be broadcast. To allow UEs to receive MBMS services on an activated dedicated eMBMS cell in RRC_IDLE without loading neighbour unicast/MBMS cells of other carriers with configuration information of the activated dedicated eMBMS cell, the activated dedicated eMBMS cell should broadcast a PBCH and necessary SIBs. Since discovery signals do not occupy the whole bandwidth, PBCH and at least the first SIB, could be broadcast in the same SFs used for discovery signals. The first SIB could provide a configuration of other SFs used for SIB broadcast, if the capacity of SFs used for discovery signals is not sufficient for the broadcast of all required SIBs. However for both the PBCH and SIB1, additional changes will be required to specify:
· Where within the discovery signal subframes PBCH is transmitted
· Where within the discovery signal subframes SIB1 (and possibly SI)
· For instance for SIB1, is some form of SI-RNTI DCI maintained.
Proposal 2:   For dedicated eMBMS carriers, a PBCH and the first SIB are transmitted within the same subframes used for discovery signals. 
Scheduling information for other SI is currently supplied in SIB1.  This scheduling information allows SIBs to be grouped into SI messages and sent with specified periodicities (8, 16, 32, 64, 128, 256 or 512 radio frames) over a predefined window length (1, 2, 5 10, 15, 20 or 40 ms) of time that is common to all SI messages (see figure 1 below).  A UE attempting to receive an SI message can then monitor the PDCCH across the defined window length for the SI-RNTI in order to determine the PDSCH resources used to send that SI message.  
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Figure 1:  SI message scheduling


This method of supplying SI can be maintained for cells supporting Rel-14 eMBMS, but it would mean that:
· At least for non-MBSFN subframes, the PDCCH must be maintained in order for UEs to acquire SI messages using the existing SI-scheduling information supplied in SIB1.
· Until the UE is aware that the cell is specifically for enhanced eMBMS (where extra SFs for MBSFN can be specified and discovery signals are not considered applicable), there are SI message configurations (of periodicity and window length) where the UE may attempt to search and decode the PDCCH DCI scrambled by the SI-RNTI in sub-frames now reserved for MBSFN.
· Currently, the UE must read SIB2 mbsfn-SubframeConfigList to ascertain what subframes are reserved for MBSFN.
Observation 2:   If additional SFs are specified for eMBMS usage, then additional signalling may be required to inform UEs of what SFs are now unavailable for SI, to avoid unnecessary SI-RNTI DCI decode attempts.  Options for these signalling enhancements include:
· Extensions to SIB2
· However this would not reduce SI-RNTI decode attempts for SIB1 and SIB2.
· Extensions to SIB1
· However this would not reduce SI-RNTI decode attempts for SIB1
· Using spare bits of the MIB
· New SIBs for dedicated eMBMS cells

2.2    Conventional PSS/SSS/PBCH signals
In the previous section, we effectively ruled out the use of discovery signals for mixed unicast and eMBMS carriers due to the need to send non-MBSFN subframes every 5ms. Whilst this implies we should revert conventional PSS/SSS/PBCH transmission approach for mixed unicast and eMBMS carriers and assume SF0/SF5 to be the non-MBMSFN subframes meeting the 5ms constraint, in this sub-section we discuss whether additional capacity can be obtained for MBSFN traffic by discarding certain repetitions of PBCH and/or SIB1.
Table 2.2.1 below, summarises where and how often, PSS/SSS/PBCH/CRS and SIB1 are currently sent. 
	
	Purpose
	How often is a copy sent?
	What SFNs is it sent in?
The ’ indicates a repetition
	Within a SFN, where is it sent?
	How many repetitions sent?
	Current BW occupied?

	PSS
	Enables UE to synchronise SFN and PCID
	5ms
	0,1,2,3,4,5,6,7, …
	SF0, slot 0, Symbol 6 
SF5, slot 0, Symbol 6
	n/a
	72 subcarriers centred around DC(frequency axis)


	SSS
	
	
	
	SF0, slot 0, Symbol 5 
SF5, slot 0, Symbol 5
	
	

	PBCH
	Provides system bandwidth/SFN
	10ms
	0,1’,2’,3’,4,5’,6’,7’, …

’ indicates a repetition

	SF0, slot 1, Symbols 7,8,9,10 
	In a 40ms period, 4 copies are sent, each 10ms apart & self-decodable.
	72 subcarriers centred around DC(frequency axis)

	CRS
	UE measurements to support cell (re)selection
	Every non-mbsfn subframe and every slot
	For 2 antenna system:  16 out of 168 symbols (~10%) evenly distributed across slot0/slot1 for non-MBSFN SFs
	n/a
	Full system BW

	SIB1
	Cell related info (e.g PLMN) & Scheduling information for other SI
	20ms
	0, 2’, 4’, 6’, 8, 10’, 12’, 14’, 16, 18’, 20’, 22’, …

’ indicates a repetition
	SF5 
	In a 80ms period, 4 copies are sent, each 20ms apart & self-decodable
	Network configured via DCI


Table 2.2‑1:  PSS/SSS/PBCH/SIB1 delivery
From the above table, it can be seen that whilst in every SFN, slot 0 of both SF0 and SF5 is always occupied by PSS and SSS, when repetitions of PBCH and SIB1 are not sent, then there are potentially many SF0 and SF5 where slot 1 is unoccupied. For example, consider SFN1 when the current PBCH repetition is deliberately not sent, then slot 1 in SF0 is free and since slot 1 in SF5 is also already free (no version of SIB1 is sent in this odd SFN), then for SFN1 there are 2 slot 1’s (in SF0 and SF5) that could in theory be paired and repurposed for eMBMS traffic if CRS over slot 0 is sufficient. In fact, just by halving the number of repetitions of the PBCH sent, i.e. by no longer sending repetitions of PBCH in odd SFNs, then without even discarding any repetitions of SIB1, 2 slots every 20ms (5%) could be potentially repurposed for MBSFN traffic.  
In summary, if it is possible to reuse slot 1 of certain instances of SF0/SF5 for MBSFN whilst still maintaining sufficient CRS, then MBSFN capacity can be improved by at least 5%, by not sending certain repetitions of the PBCH and/or SIB1.  
Removing either PBCH or SIB1 repetitions will potentially mean:
· Longer acquisition times 
· For PBCH, extra repetitions could be potentially created elsewhere similar to what is already done for eMTC.
· Increased modification periods
Note: There is no problem for legacy incompatible UEs attempting to camp on the cell. The non-MBMS subframes for unicast can only be used as SCell as per the WI objective. This means that UEs should be prevented to camp on the cell, e.g. by means of ACBs.

Observation 3:   If CRS is not required to be sent in slot 1 of certain non-MBSFN SFs, then there exist radio frames where slot 1 in SF0 and SF5, could be re-purposed for supporting MBSFN traffic by discarding repetitions of PBCH and/or SIB1.  
Proposal 3:   	RAN1 is asked to confirm, whether or not it is sufficient to send CRS in just slot 0 for selected non-eMBMS subframes sent every 5ms on a mixed eMBMS carrier.

Conclusions
In this contribution, we have discussed several issues relating to the transmission of PSS/SSS and PBCH for eMBMS carriers. From those discussions we have the following observations and proposals for RAN1 to discuss:
Observation 1:   There are no clear benefits of developing discovery signals for mixed unicast and eMBMS carriers if there must be at least 2 non-mbsfn subframes every 5 ms. 
[bookmark: _GoBack]Proposal 1:   	For dedicated eMBMS carriers, the UE can use the discovery signal to acquire synchronisation and make measurements without the need to establish an RRC connection with another cell.
Proposal 2:   	For dedicated eMBMS carriers, a PBCH and the first SIB are transmitted within the same subframes used for discovery signals. 
Observation 2:   If additional SFs are specified for eMBMS usage, then additional signalling may be required to inform UEs of what SFs are now unavailable for SI, to avoid unnecessary SI-RNTI DCI decode attempts.  Options for these signalling enhancements include:
· Extensions to SIB2
· However this would not reduce SI-RNTI decode attempts for SIB1 and SIB2.
· Extensions to SIB1
· However this would not reduce SI-RNTI decode attempts for SIB1
· Using spare bits of the MIB
· New SIBs for dedicated eMBMS cells
Observation 3:   If CRS is not required to be sent in slot 1 of certain non-MBSFN SFs, then there exist radio frames where slot 1 in SF0 and SF5, could be re-purposed for supporting MBSFN traffic by discarding repetitions of PBCH and/or SIB1.  
Proposal 3:   	RAN1 is asked to confirm, whether or not it is sufficient to send CRS in just slot 0 for selected non-eMBMS subframes sent every 5ms on a mixed eMBMS carrier.
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